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BRITISH GAS 


ENGINEERING 
RESEARCH 
AWARDS 


British Gas has established a new scheme 
for postgraduate engineering awards for 
research in areas of value to British Gas. Up to 
3 Engineering Research Awards will be made 
each year to support Ph.D or D.Phil research in 
engineering in universities or polytechnics in the 
U.K. This scheme is complementary to the 
existing British Gas Research Scholarships. 

Of the Awards to be made in 1982, one will 

-be for research in the general field of 
HIGH DENSITY DIGITAL TAPE RECORDING. 
This is an area in which British Gas has 
stimulated some important developments in 
recent years. 

British Gas interests in this field include: — 

1. Investigation of facets which influence the 

_. recording process; tape system dynamics, 

~~ tape emulsion, head drive, design and 
properties of recording heads, wrap angle, 
head gap. 

2. Consideration of data coding methods, 
data deskewing, data recovery, data 
compaction. 

3. Data formatting, error detection and 
correction, data reduction. 

Specific proposals are invited from 
university or polytechnic staff, which either 
relate directly to one or more of the above topics, 
or associated fields of interest in magnetic tape 
recording technology. 

Attractive financial aspects of the Award 
include: a maintenance allowance comparable 
toa fully “topped-up” Science and Engineering 
Research Council CASE award (currently 
£3,830 for a student living in London); an 
equipment allowance for the Department of 
£1,000 adjusted annually to take account of 
inflation; a book allowance of up to£200; and an 
opportunity for the holder of an Award to make 
one technical visit abroad. 

Proposals should be sent to the Manager, 
External Affairs, Research & Development 
Division, British Gas Corporation, 326 High 
Holborn, London WCIV 7PT, from whom 
further information may be obtained. Closing 
date for applications is 26th July 1982. A 
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Journal of 
Microcomputer Applications 
Editors in Chief: J.L. Alty and M.J. Taylor 


Publication: Quarterly 

Subscription: Volume 5, 1982 

Full Rate: £30.00 (UK) / $79.00 (overseas) 
Personal Rate: £15.00 (UK) / $39.50 (overseas) 


From 1982 Academic Press will take over from Liverpool 
University Computer Laboratory the publication of the Journal 
of Microcomputer Applications. This international quarterly 
journal will provide a forum for all those involved in the applied 
areas of microcomputing, in university, industrial and commercial 
environments. It will report work carried out in the design, pro- 
duction and testing of microcomputer applications in all fields — 
computer control, data processing, telecommunications, net- 
works, medical systems and others. 

A novel approach of the journal will be its coverage of previously 
neglected software aspects, such as design techniques and the 
application of high-level languages on microcomputer systems. [ 
Papers on hardware will also be welcomed, for example on aa 
design, integration and testing of systems, interfacing problems |. 
and new devices. The journal will also include tutorial papers, 
letters and book reviews, and special sections will be planned to 
- cover applications in particular fields, or investigate particular 
problem areas. Long or short contributions of the highest quality 
will be sought, and all papers carefully refereed. As it is very 
important that papers in this fast-moving field are published 
quickly, rapid publication will be a key aspect of this journal. 


Sample copies available on request from Jene Lawrence, Academic 
Press inc. (London) Ltd, 24-28 Oval Road, London NWI 7DX. 
| Please quote reference {L/06,82/A 708. 
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Should the Atlantic be widene 





Mr Alexander Haig’s replacement as United States Secretary of State is not in itself remarkable; his 
successor’s task is to head off the growing estrangement of the United States from Western Europe. 


The departure of Mr Alexander Haig as United States Secretary 
of State will not be widely mourned; his vanity and impulsiveness 
ensured that even those governments elsewhere whose causes he 
supported were uneasy about his essays in diplomacy. But Mr 
Haig could hardly have chosen a more momentous time to resign. 
This week has seen the beginning of the Geneva talks on strategic 
arms between the United States and the Soviet Union, perhaps 
the most cheerful development on the international scene for a 
decade. But the meeting of the heads of governments of the 
European Community in Brussels this week will also have served 
to emphasize that relations between the United States and 
Western Europe are fast running towards the rocks. If Mr George 
P. Schultz, Mr Haig’s successor, can find the time from what is 
bound to be his immediate preoccupation with the Middle East, 
he will put Western Europe at the top of his pile of problems. And 
he will conclude that there are two important conditions that 
his government must satisfy — that it must acquire a better 
understanding of what the European problem is and a literally 
more coherent way of dealing with it. 

There are three main groups of issues to be ironed out — one 
military, one economic and one a mixture of economics and 
politics. The first, difficult enough, is the simplest. The United 
States resents what it considers to be the underspending by 
European governments on conventional forces and the unwilling- 
ness of some of them to provide hospitality for the intermediate- 
range nuclear missiles due to be installed from the end of 1983. 
The first complaint has substance and should be met, preferably 
by better planning of the mutual defence of Western Europe. The 
second complaint, understandable enough, overlooks the 
delicacy of the domestic politics of those Western European 
governments, perhaps all of them, dependent to some extent for 
their survival on voters who are unwilling to give house-room to 
other people’s missiles without something in return. The United 
States is right to ask that those in Western Europe whom it is 
willing to help defend should share some of the risks but wrong to 
expect a favourable response while it was dragging its own feet on 
arms control. Mercifully, that stumbling block may now have 
been removed. Much will depend on what happens in Geneva. But 
the needless delay in embarking on these talks may already have 
helped to undermine Chancellor Helmut Schmidt’s West German 
government (which, admittedly, has other than nuclear problems 
on its plate). The need all along has been for a fuller sense in 
Western Europe of having been consulted in the planning of 
mutual defence. Mr Schultz and Mr Caspar Weinberger, the 
United States Secretary of Defense, should bend their energies to 
that goal. 

The economic problem is much less tractable, derived as it is 
from the pact between Congress and the Administration that the 
budget deficit should be allowed to run at $80,000 million or, 
probably, even more. The strictly domestic consequences of this 
development are predictable, but will be delayed. The inflation 
rate, now dramatically reduced to about 6 per cent a year, will 
either shoot up again within a year or the flickering promise of 
economic revival will be extinguished. Meanwhile, the United 
States is meeting its huge budget deficit by borrowing funds from 
overseas — the effect of the prevailing high interest rate that 
underpins the banking system, one of whose consequences is the 
strength of the dollar against other currencies, What is happening 
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is the opposite of what happened in the late 1960s, when the 
Johnson Administration paid for the Vietnam war by printing 
dollar bills and thus exporting inflation. Now, by sucking in 
funds from the international banking system, the Reagan 
Administration is exporting deflation. 

The consequences for the economies of Western Europe are 
already serious and much resented. But why should not the 
United States manage its financial affairs in the way that suits it 
best, putting up with the domestic consequences as they fall? For 
two reasons. First, it is no longer possible to separate 
international financial relationships from international relations 
generally. With the best will in the world, states in Western 
Europe thrown into recession by exported deflation will be less 
able than otherwise to modernize their armed forces and shoulder 
a full part in their own defence. But they will also be less easily 
persuaded to other desired goals if they are struggling to deal with 
domestic difficulties they believe with reason to be caused. by the 
eccentric economic policies of the United States, And it cuts no ice 
to say that the US Federal Reserve, whose decisions determine 
interest rates, is constitutionally autonomous. Everybody knows 
that. But everybody also knows that the Administration. is = 
responsible for the budget deficit that makes the Federal Reserve $ 
behave the way it does. Second, and more sinister, there is 
mounting evidence that the United States is seeking the best of 
both worlds — the right to export deflation but also the right to 
avoid the consequences that should follow. by restraining 
international trade. Congress and the Administration have 
embarked on a host of protectionist projects whose result could 
be to destroy the international monetary and trade system that has 
sustained us all these past several decades. Europeans.in their 
present mood will go off on their own. Mr Schultz would be well 
advised to head them off. 

The presenting symptom of the third group of urgent issues is 
the Soviet pipeline for the sale of natural gas to Western Europe 
(see Nature, 3 June, p.349). Arguments about this project have 
rumbled on for several months. The declared customers for- 
the pipeline’s product (France, West Germany and neutral 
Switzerland) have agonized about the strategic implications of Q 
buying Soviet gas, and have publicly decided that they should sign . 
up. The United States, since the accession of Mr Reagan andthe 
appointment of Mr Haig, has blown hot and cold about the- 
implications. Washington has made no secret of its view that they » 






were unwelcome, but has occasionally said that they must be © | 


stopped. Mr Haig appears to have made his way at the Versailles 
summit last month with his expressions of sympathy for the 
dilemma of European governments placed in this cleft stick. The 
Administration’s decision on Wednesday last week that United 
States corporations must instruct their subsidiaries and licensees 
in Europe (and elsewhere) not to supply advanced equipment for 
the construction of the pipeline is nevertheless unseemly — and a 
sufficient cause for Mr Haig’s resignation. 

it is beyond belief that a government so well provided with law- 
yers can have perpetrated such a gaffe. Corporations registered as 
such in the United States do not set up overseas subsidiaries for 
the fun of it, but (rightly) for self-advantage. At some point in the 
development of their business, they calculate that the time has 
come when an autonomous overseas corporation would be a 
better source of revenue than a force of travelling salesmen living 
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out of suitcases. Qualitatively, the benefits of separate 
incorporation vary. Sometimes there is tax to be saved. 
Sometimes, local incorporation provides access to public 
purchasing that would otherwise be denied. Whatever the reasons 
for separation, however, the subsidiary corporation becomes a 
legal entity in the locality in which it is incorporated, and thus 
subject to local laws. But what if the local laws do not allow that 
an overseas subsidiary of a United States corporation should tear 
up a contract because of some instruction from its head office sent 
retrospectively at the behest of the State Department? This is what 
is now being required of those with contracts for the Soviet 
pipeline. The chief result, of course, will be a rash of law-suits and 
of compensation payments (ironically in convertible currency of 
the kind that the Administration wishes to deny to the Soviet 
Union). Further ahead but longer lasting will be the impression 
left in the minds of Western European governments (and/or their 
voters) that the United States has slipped into the habit of 
behaving as if Washington’s writ is unconstrained. 

Thus the events of the past few days have cast a pall over 
Western Europe. For the past several years, it has been customary 
(but not always easy) to say that the defects of the then-current 
foreign policy of the United States were the consequences of the 
division of responsibility between the White House and the State 
Department that seems at last to have been the indignity that Mr 
Haig could not stomach. Each time this recurrent crisis has come 
round, another tranche of transatlantic loyalists has been lost to 
doubt, but European governments have usually buckled to and 
have been able to hold the line. Always, in the past thirty years, 
transatlantic cultural cohesion has proved to be a powerful 
cement. And in any case there has been no alternative to United 
States hegemony. But now the wind is changing. 


Private funds can matter 


The legend that foundations are now too small to 
exert an influence has been shown to be false. 


Private foundations have become financially so much smaller 
than public sources of research funds that it is customary to 
disregard them. For what, the argument tends to be, can 
foundations hope to accomplish with their meagre funds when the 
more immediate threat is to the survival of institutions, the annual 
running costs of which tend to outstrip the capital resources of 
foundations? Fortunately, that gloomy inference is not as valid as 
simple arithmetic would suggest. The lie is neatly given to this 
canard by the imaginative grant announced last week by the 
Wolfson Foundation to the two British centres for research in 
tropical diseases, the London School of Hygiene and Tropical 
Medicine and the Liverpool School of Tropical Medicine. The 
circumstances are worth remarking. 

Both institutions are relics of the days of what the British used 
to call Empire, founded as they were to safeguard overseas 
servants of the Crown from unfamiliar infections by insect-borne 
parasites of various kinds. Almost by accident, they became 
places at which physicians, following the precept that prophylaxis 
is preferable to cure, sought to work out ways of dealing with 
tropical diseases at their source. Inevitably, they became 
prominent among the centres, mostly outside the tropics, at which 
an understanding of tropical diseases was cultivated and 
cherished. With the passage of time and the collapse of Empire (or 
colonialism), they have been increasingly supported by agencies 
concerned above all that physicians and paramedical people from 
the tropics should have a sufficient training in the diagnosis and 
treatment of these infections. 

From here on, the tale is muddied. It happens (again by 
accident) that the London and Liverpool centres are parts of the 
‘British university system, and that the British government has 
recently decreed that new overseas students should pay such 
outrageous tuition fees that they cannot afford to be educated. 
So, earlier in this academic year, it seemed as if the tropical 
medicine schools in London and Liverpool would be in serious 
trouble, deprived of students and then robbed of funds with 
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which to pay members of their faculties. 

The Wolfson grant to the two schools jointly will in the 
circumstances have a marvellous effect. At a cost of £3 million 
over five years (‘‘chicken-feed’’ will say the public research 
councils) it should be possible to keep the core of each research 
faculty in being and to arrange that the research they do is at once 
more imaginative and more closely coordinated than in the past. 
There is talk of using genetic manipulation to make parasitic 
antigens, and of understanding the human genetics of 
susceptibility to parasitic infection. But the prospectus is open- 
ended. Plainly, it would have been impossible for any public 
research council to have made such a grant. Yet the chances are 
high that it will succeed, and that two distinguished centres of 
research will remain productive. If, anomalously, it should turn 
out that research in tropical medicine continues to be centred 
partly in developed countries such as the United Kingdom and the 
United States, what harm will be done by that? Last month, the 
European Parliament gave the European Commission a hard time 
because it had proposed spending part of its meagre research 
budget earmarked for development in developed countries. The 
Commission has a longer purse than the Wolfson Foundation, 
but is less well advised. 


Riding for a fall? 


The French minister for science and technology 
may be about to overreach himself. 


M. Jean-Pierre Chevénement, minister of science and 
technology in the Mitterrand government, seems seriously to have 
blotted his copy-book. For the best part of a year M. 
Chevénement's inclimations towards the left of his party have 
been hidden by his devotion to the cause of social transformation 
by the beneficent, even lavish, support of research and 
development, but last week he chose to exceed his brief by 
speaking in public about the war in Lebanon. Worse still, he gave 
it as his opinion that President Francois Mitterrand should invite 
the leader of the Palestine Liberation Organization, Mr Yassir 
Arafat, to Paris. For his pains, M. Chevénement has been 
rebuked in the most humiliating way, by means of a statement 
issued through the President’s press secretary to the effect that the 
President and his foreign minister, M. Claude Cheysson, have no 
immediate need of Chevénement’s assistance. Even 
Chevenement’s friends must be wondering what he is about, 
alienating his colleagues in the French government just when the 
final decisions are being made about the budget for next year. 

First, the good news. Such is the commitment of the President 
and the government as a whole to the cause of science and 
technology as the harbingers of innovation and thus of the 
prosperity that will buy social transformation that the immediate 
consequences of M. Chevéenement’s little lapse are unlikely to be 
serious. With Chevénement’s /oi now through the Assembly, (see 
page 6), the chances are good that next year’s budget will be 
protected. Whether the same can be said of Chevénement himself 
is another question. 

While ambition ts inseparable from politics, ambition that 
shows too openly is, paradoxically, mistrusted. In the past year, 
M. Chevenement has been admired in the true Latin sense of the 
word (admirare = ‘‘to wonder at) for the clarity and certainty of 
his promises and envied because nobody expects them to be 
delivered for several years, let alone during the reasonable tenure 
by a bright young minister of a single office. During the past few 
months, Chevènement has succeeded as well as he could have 
hoped in carrying his /o/ through the French Parliament, but not 
without making enemies. Now there is some anecdotal evidence 
that his attention has begun to wander. His recent speeches have 
been repetitive; during the debate on his bill in the Assembly last 
week, he confined himself to what he called ‘‘laconic remarks”. 
M. Chevénement seems to be preparing himself for other 
pastures. He may find that they are less hospitable than he would 
like if he continues to alienate the Elysée and the rest of the 
leadership. 
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Waste in research services damned | 


UK laboratories 
lack incentive 
to save costs 


A damning indictment of peripheral 
waste in British government research 
establishments was published earlier this 
week by Sir Derek Rayner, one of the 
Prime Minister’s favourite businessmen 
and her special adviser on efficiency in 
government. The report, based on surveys 
of 19 establishments and concerned 
exclusively with services for the support of 
research, suggests that savings of about a 
fifth in annual budgets would be possible 
without jeopardizing quality. 

The survey is one of several being carried 
out of efficiency in different parts of the 
government’s business. It consists of a 
summary of the several separate reports 
linked together by Sir Derek’s own 
generalizations. One of his central 
complaints is that in government 
establishments the cost of support services, 
ranging from cleaners and doormen to 
specialist workshops, is humped together as 
a central overhead and not apportioned to 
separate research projects. 

The essential failure, says the report, is 
that neither the provider nor the user of 
laboratory support services has clear 
authority and accountability for judging 
value for money. Rayner says that research 
establishments should be reorganized in 
such a way that identifiable research 
managers are responsible for the whole cost 
of their projects. 

In passing, the survey has uncovered a 
variety of memorable sources of waste. 
One establishment was found to have ten 
deliveries of internal mail each day while 
the National Physical Laboratory near 
London maintained eight vehicles that 
each made less than one journey a month. 
At the government’s Building Research 
Establishment, a staff of six storemen 
handled an average of 10 transactions each 
a day, while the Royal Signals and Radar 
Establishment was found to havea stock of 
17,500 items of scientific equipment with 
an average age of 8.7 years. 

The Central Veterinary Laboratory is 
reported to have been breeding rats at a 
cost of £30 a head when suitable animals 
could have been bought in for about £2 
each. The Royal Aircraft Establishment at 
Farnborough provides itself with an air taxi 
service at a cost a third greater than 
commercial charges. 

The report on the coordinated survey 
complains that the government research 
establishments hold that outside suppliers 
should be used only when the 
establishment is too busy or cannot meet 
the technical need. This, the report says, 
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“is wrong and costly”’. 

Establishments also tend to be 
extravagant of land and buildings. The 
report says that the National Physical 
Laboratory could save £635,000 a year by 
giving up 200,000 square feet of floor space 
and that the Central Veterinary 
Laboratory should dispose of 245 acres of 
land now used for breeding animals 
uneconomically. The report points out that 
establishments as at present organized have 
no incentive to make savings of this kind. 

The Rayner report also complains that 
establishments charge too little for services 
provided to outside users and so ‘“‘give 
away... public money”. Some establish- 
ments provide research reports free of 
charge when they have a ‘‘commercial 
value”, others sell products whose cost of 
production has been underestimated and 
others undercharge for services ‘‘in order 
to win contracts”. 

The cost of the bureaucracy itself seems 
to be substantial. In four establishments 
covered by the survey on which the report is 
based, the cost of checking invoices 
externally doubled the real cost of all the 
items purchased. But the gravamen of the 
report's complaint is that ‘‘the individual 
manager of a scientific project is not aware 


of or responsible for the actual costs of the 
support he consumes”, The report 
recommends that responsibility should be 
transferred to project managers. 

The suggested savings on annual costs 
amount to 14 per cent of the budget now 
spent on support services within the 19 
laboratories and would be made chiefly by 
shedding 1,518 support staff, or 19 per cent 
of the total now employed. The report also 
recommends the disposal of 270 acres of 
land, 450,000 square feet of accommoda- 
tion and 200 vehicles, thus raising £6.65 
million. 

Ministers responsible for the labo- 
ratories concerned have apparently agreed 
in principle to the report’s recommenda- 
tions. Government departments will be 
performing similar scrutinies of other 
laboratories in the hope of finding similar 
savings elsewhere. The plan is to draw up 
‘faction plans’’ for streamlining the 
support services of individual laboratories 
by the end of the year. Much remains to be 
settled, however, not least the questions of 
how to shed posts and how to change the 
jobs of researchers so as to encompass 
greater management responsibility. The 
reactions of laboratories and staff unions 
will be eagerly awaited. Judy Redfearn 


New prospectus for European lab 


Substantial changes in the direction and 
style of research at the European 
Molecular Biology Laboratory (EMBL) in 
Heidelberg were being put to the 
laboratory’s council earlier this week by Dr 
Lennart Philipson, the director-general 
chosen by the council to succeed Sir John 
Kendrew’s inaugural seven-year reign. 

The plans are the outcome of con- 
sultation between Philipson and the staff 
of EMBL and of an almost total lack of 
contact between the incoming and the 
outgoing directors-general — ending in a 
most unknightly deed by Sir John. There 
have inevitably been clashes within the 
scientific advisory committee on the extent 
to which EMBL should pursue a structural 
approach to biology. 

In essence, Philipson’s plans call for a 
shift in emphasis from structural biology 
towards cell biology, for concentration on 
fewer areas of research and for better 
integration of the costly instrumentation 
division with the laboratory’s biological 
programme. Philipson also says that 
EMBL’s outstations at Hamburg and 
Grenoble should grow and become more 
autonomous, and that the laboratory 
should increase its role as an international 
training centre, offering more technical 
courses and eventually a PhD programme. 

Another of Philipson’s plans is to 
replace the system of indefinite tenure fora 
few of the 250 of his staff with one of 
rolling tenure for up to a quarter of them. 


In practice, this will mean that those with 
tenure will always be on five years’ notice. 
Philipson believes this to be the best way of 
retaining flexibility while attracting good 
scientists for short periods. Philipson says 
that in part this proposal is a response to an 
unexpected legacy inherited from 
Kendrew. As soon as he was named 
director-general in November 1980, he 
says, he asked that no additions be made to 
the four tenured staff without consultation 
either with himself or with the chairman of 
this council. Kendrew, however, 
afterwards endowed eight staff members 
with tenure, five of them within his last 
three months, without consultation. He 
was, it appears, quite within his rights todo 
so (but when asked earlier this week about 
his reasons refused to comment). 

The intended difference in style of 
research in the next five years reflects a 
change in both time and directors-general. 
Whereas Kendrew encouraged certain 
biological themes at the laboratory, he was 
prepared to back individuals whose 
research was not closely allied to any one of 
them. Philipson, however, tends to the 
view that backing individuals was even then 
an outdated approach, and says that the 
modern need is for a team approach to 
major problems in biology. Philipson thus 
intends to concentrate the biological 
research of EMBL on membranes and on 
the process of differentiation. Membrane 
biology is the one area of research in which 
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the laboratory has a high reputation. The 
work, however, has been mostly on 
mechanisms of transport across 
membranes, and Philipson plans to 
supplement this with a structural 
approach. As a start, he claims to have 
recruited a specialist Rosenbush from 
Basle, who has recently obtained some of 
the first ever crystals of a membrane 
protein, the structure of which will be 
worked out at EMBL. 

The laboratory has much less of a 
reputation in differentiation, and 
Philipson’s plans depend upon the 
recruitment of new staff. There may soon 
be a major project on the terminal 
differentiation of blood cells and later 
another on growth factors, but 
competition with other laboratories on 
differentiation in Drosophila is all ruled 
out. Other projects ruled out or resisted 
during planning include mobility within 
protein molecules, chromatin structure 
and protein folding. 

Inevitably the emphasis on some areas of 
research will be at the expense of others. 
Whereas Kendrew felt it essential to have a 
foot in the door of neurobiology, Philipson 
will close the door. But Philipson, like 
Kendrew, is committed to instrumentation 
as a key to the success of EMBL, believing, 
however, that it should be better integrated 
into the research projects. About half of 
the laboratory’s budget is spent on 
instrumentation, with the most advanced 
project that on low temperature electron 
microscopy designed to minimize damage 
to specimens. 

The instrumentation division has also 
been essential to the unquestioned success 
of the synchrotron radiation outstation at 
DESY in Hamburg, where EMBL staff 
have been chiefly involved with building 
equipment for use by external colla- 
borators. Philipson hopes to succeed where 
Kendrew failed by persuading the council 
to increase the staff at Hamburg from 17 to 
25. He plans a similar increase at its 
neutron diffraction out station at 
Grenoble. 

These plans are based on Philipson’s 
appraisal that the outstations have done 
more than any other part of EMBL to 
justify its existence as a European 
laboratory able to engage in research that 
cannot be mounted nationally. 

Both Kendrew and Philipson admit that 
such a description cannot be applied to 
much that goes on in Heidelberg, but 
Philipson emphasizes the increased role he 
intends for EMBL as a unique centre for 
training in molecular biology. It remains a 
manifest disappointment for many ob- 
servers that the programme of research at 
Heidelberg is still much as it might be in any 
large well-funded national laboratory. 
And it could only justifiably be for that 
reason, monetary considerations apart, 
that Philipson might fail at the end of this 
year to get the 10 per cent budget increase 
needed to bring EMBL up to its full 
strength. Peter Newmark 
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Chemical weapons treaty 


Talking again 
Washington 

The Soviet Union may be willing to 
accept some provisions for on-site 
inspections in a treaty banning chemical 
weapons. The first hint of Soviet 
movement on this issue — which has been 
the chief obstacle in US~Soviet negoti- 
ations on chemical arms — came in a 
speech on 15 June by Soviet Foreign 
Minister Andrei Gromyko to the United 
Nations special session on disarmament. 

The United States broke off negotiations 
in 1980 on a treaty that would ban not only 
the use of chemical weapons, which is 
already prohibited by international treaty 
(the Geneva Protocol of 1925), but also 
their development, production or 
stockpiling. Soviet refusal to accept any 
on-site inspections and the Soviet invasion 
of Afghanistan were cited at the time as the 
reasons for suspending the talks. 

In his speech, Gromyko said that a 
chemical arms treaty should provide for ‘‘a 


possibility of carrying out systematic 
international on-site inspections’’, of the 
destruction of existing weapons and of the 
continued limited production of toxic 
chemicals that would be permitted for 
defensive research purposes under a treaty. 

The US State Department is officially 
saying only that it is studying the proposal 
and that it is too early to comment. The 
State Department is apparently wary of 
showing any favourable response until it 
can assess the substance of Gromyko’s 
statement. The Soviets may elaborate on 
their proposal at the international 
disarmament conference which convenes 
on 20 July in Geneva. 

A State Department official did say, 
however, that the Soviet proposal appears 
to address at least two of the three concerns 
the United States has been pressing — 
inspection of stockpile destruction and 
inspection of the permitted research 
production. The third area is inspection of 
the shut-down and elimination of existing 
chemical arms facilities. 

James Leonard, who was the US 
representative at the Geneva disarmament 


Industrial secrets still in demand 


Washington 

The arrest of 18 Japanese businessmen in 
the United States last week on charges of 
conspiracy to steal confidential computer 
information from International Business 
Machines Corporation may really have 
been just the latest instalment in a long 
tradition of international technical 
espionage. According to Professor Alfred 
Gollin, a historian at the University of 
California at Santa Barbara, it now 


appears that at least two self-appointed 
spies kept tabs on Wilbur and Orville 
Wright and reported to the British military. 

One was C. S. Rolls (of the automobile 





company) who in 1908 wrote to the British 
Committee of Imperial Defence offering to 
go to France and ‘‘draw out’’ the Wright 
Brothers. Rolls also bought a Wright 
biplane, which he offered to put at the 
disposal of the government. For several 
years before, the Wrights had negotiated 
with the British on a sale of their planes, 
but the deals repeatedly fell through. 

The other unofficial spy was Patrick 
Alexander, an active member of the Royal 
Aeronautical Society. He first visited the 
Wrights in 1902, a full year before their 


first powered flight, and apparently 
became quite friendly with them. Professor 
Gollin found that, for a private citizen, 
Alexander did have unusual entrée into 
government circles. This included a close 
working relationship with the secret 
Balloon School and with a key figure in the 
British army’s aeronautical programme. 

But Alexander also demonstrated the 
pitfalls of leaving the job to amateurs. He 
was actually invited by the Wrights to Kitty 
Hawk to witness their first flight on 17 
December 1903, but went instead to the St 
Louis Exhibition — this was when world’s 
fairs were still worth going to, no doubt. 

The Wrights later became convinced that 
Alexander was in fact a spy. But by that 
time, the Wrights were embroiled in a 
patent fight and, according to Dr Tom 
Crouch of the National Air and Space 
Museum in Washington, ‘‘they thought 
everyone was spying on them’’. 

In fact, says Dr Crouch, ‘‘they 
developed a conspiratorial mentality 
themselves’’, going so far as to send their 
younger brother, Lorin Wright, to spy on 
Glenn Curtis, their rival. In what became 
another amateur performance, Lorin 
simply marched into Curtis’s factory and 
began taking pictures until he was 
discovered and had his film forcibly and 
prematurely exposed by a Curtis employee. 

Dr Crouch suggests that any spying that 
did go on was motivated more by the 
commercial interests of individuals than 
the military interests of governments. On 
the other hand, Edwardian England clearly 
did have its worries about the Wrights’ 
invention. ‘‘The story is not that man can 
fly”, said a British newspaper publisher at 
the time, “‘but that Britain is no longer an 
island’’. Stephen Budiansky 
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conference from 1969 to 1971 and who is 
now with a pro-arms control group called 
the Committee for National Security, says 
that although the Soviets are clearly making 
political hay out of the proposal, it is 
nonetheless more than just words if 
experience is any guide. ‘‘They know that if 
they make a statement like this, they will 
eventually be called on it”, he says. 
Stephen Budiansky 


French universities 


More change 


Paris 

The French universities are to be 
reformed — again. A couple of years ago, 
the then President Giscard D’Estaing’s 
minister of universities, Mme Alice 
Saunier-Seité, set about the universities 
with a hatchet, amputating this and that to 
academic screams of ‘‘Fascist!’’ and 
worse. But now, more quietly and more 
carefully, the present socialist government 
of France is setting about a similar task. 
According to present analysis, Mme 
Saunier-Selté was right about many things 
— it was only her draconian methods that 
were wrong. 

The socialist idea is to base change on a 
130-point questionnaire sent out a few 
months ago to presidents of universities, 
engineering schools and other such 
establishments by M. Claude Jeantet, 
cabinet member at the ministry of national! 
education. The questionnaire was very far- 
reaching: it encouraged respondents to 
redefine the role of higher education in 
France. Jeantet has just analysed the 
results of that questionnaire — and he will 
use them to prepare the text of a new law on 
French higher education for his minister, 
M. Alain Savary. The new law is promised 
for the autumn. Although Jeantet will not 
publish the figures until then, it is already 
emerging that the government’s task will be 
aided by a remarkable and sudden change 
in social outlook in the universities — one 
that has surprised even Jeantet. Now, 
university staff, often regarded in France 
as left-wing, see the government and even 
industry as partners, rather than enemies as 
appeared to be the case under Giscard 
d’Estaing. Now, it seems from the question- 
naire, the universities are ready to forge links 
with industry and to run more courses aimed 
at training students for productive 
employment — an area in which they have 
previously been weak. It seems that one 
remnant of the 1968 university rebellion — 
a horror of the market-place, and of all 
government control — is being replaced by 
a nationalistic commitment to help France 
escape from the present economic crisis. 
According to Alain Geismar, one of the 
revolutionaries of 1968 and now vice- 
president of the University of Paris VII, the 
universities are now preparing to consider 
the provision of continuing education, 
post-retirement courses and science shops 
on the Netherlands model. 
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Argonne prepares for change 


Washington 

Argonne National Laboratory is 
renouncing a 16-year old agreement with 
a consortium of some 30 universities that 
has governed the laboratory ever since its 
principal machine, the Zero Gradient 
Synchrotron (ZGS}, was built. 

The laboratory outside Chicago is one 
of several, large, multipurpose energy 
laboratories whose fate is being 
deliberated by the White House and the 
Energy Research Advisory Board of the 
Department of Energy (DoE) (see Nature 
6 May, p.3). Rumours that Argonne was 
to be closed helped prompt the move to 
change and streamline the laboratory’s 
management. The ZGS itself was turned 
off a few years ago, leaving the lab- 
oratory to carry out other energy studies 
and nuclear physics, as well as some bio- 
logy and other basic research. 

Back in the heyday of building 
machines for high-energy physics, many 
colleges in the middle of the country 
wanted to have a big machine. When it 
was decided to put it near Chicago, a 
compromise was effected, in which other 
universities in the region could make 
input, and help get their scientists onto 
the machine, through a management 
group, the Argonne Universities 
Association (AUA). AUA’s main job was 


Behind a broad willingness to change in 
the universities, however, a number of 
difficult issues lurk. For example, one of 
the hottest and perhaps most important for 
French science is the reform of the French 
PhD system, presently a two-step exercise 
which is both weaker and stronger than an 
American PhD. The weak step is the more 
contentious: the troisiéme cycle (essentially 
a two- or three-year MSc course). A good 
result in the troisième cycle is enough to get 
a graduate an effectively tenured post as a 
researcher (assistant at a university, or 
attaché in a government laboratory). The 
second step — the major thesis, leading toa 
doctorat d'état — can take seven years. 

Science minister Jean-Pierre 
Chevenement’s law for research and 
technology, in its present form, contains a 
commitment to change the system, but no 
details about how it is to be done; that is up 
to Jeantet and Savary. 

Tenure is, however, a very closely 
regarded right in France, and the unions, 
whose influence over the government is 
strong, will defend it vehemently. One 
University of Paris professor, whose left- 
wing leanings combined with a desire to see 
France do good research perhaps make him 
typical, said last week that he was 
**schizophrenic’’ over the issue. The 
French system leaves a large pool of 
relatively untalented researchers at work in 
France, half of whom would not be in 
research if they were in the United States. 

Robert Waigate 


to coordinate the high-energy physics 
programme at Argonne, but it also had 
management responsibility in other 
areas. The University of Chicago was also 
involved in management, through a 
tripartite agreement involving the 
university, AUA and DoE, which 
provides 90 per cent of the laboratory’s 
budget of $200 million. 

Without the ZPG, however, there is no 
need for regional high-energy physics co- 
ordination at Argonne. As one scientist 
formerly at the laboratory says, the AUA 
structure is also potentially divisive, 
allowing almost anyone who wants to do 
something to Argonne to get into the act. 

So Argonne’s management will 
gradually be streamlined. AUA will bow 
out and the University of Chicago will 
become the manager. Regional univer- 
sities can still participate through an 
advisory steering committee. DoE will 
continue to fund the laboratory. 

The laboratory seems unlikely to go 
out of business, according to DoE, but it 
may be substantially redirected. For 
instance, Senator Charles Percy wants to 
bolster the laboratory’s flagging mission 
by transferring civilian research activities 
now at Los Alamos and Livermore 
laboratories to Argonne. 

Deborah Shapley 


Franco-Soviet space-flight 


Up and away 


The space-flight of the Frenchman Jean- 
Loup Chrétien, the first West European in 
orbit, has been hailed as a triumph for 
détente and cooperation in both France 
and the Soviet Union. Although events in 
Poland had moved a number of French 
scientists to sign petitions advocating 
withdrawal from the flight, the Centre 
National d’Etudes Spatiales (CNES) says 
that Chrétien’s is merely the logical next 
step in a cooperation programme that has 
been flourishing for fifteen years. 

The coincidence of Chrétien’s flight and 
the final test-run of the US shuttle 
prompted Le Monde to draw a contrast 
between the French approach and the 
*fcold-war’’ aspects of Columbia. (The 
fact that, in spite of frequent official 
denials, the Soviets also appear to be 
working on a shuttle with, presumably, a 
similar military potential, was 
overlooked.) 

In their run-up to the flight, the French 
have exercised considerable tact, even 
coining the word ‘‘spacionaute’’ to avoid 
using either the American or the Russian 
terminology. In return, the Soviet side has 
permitted a degree of openness about the 
preparations for the flight that has not been 
seen since the preparations for the Soyuz- 
Apollo flight in 1975. While some of this 
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must have been unavoidable, some 
revelations seem to have been made purely 
as an exercise in détente. Five days before 
the flight, for example, Professor Igor 
Konstantinovich Bazhinov, the deputy 
chief of flight ballistics, admitted on 
Moscow radio that Salyut-7 had undergone 
unexpected orbital drift, and that a special 
correction had been necessary to ensure the 
successful docking of the ‘‘international’’ 
crew — a degree of intimacy with his 
audience that is unusual by Soviet 
standards. 

The French experimental programme 
for the flight was, in fact, outlined in the 
CNES annual reports for 1980, and in- 
cludes sensory physiology (including the 
vestibular, visual and kinaesthesic sys- 
tems) and the effects of soft radiation on 
the developmental capacities of unicellular 
and multicellular organisms. The bio- 
logical experiments are a continuation of 
previous Franco-Soviet work using un- 
manned probes. 

Little has been said, however, about the 
type of space station to be visited by the 
‘‘spacionaute’’. Although all CNES 
releases spoke cautiously of a ‘‘Salyut”’ 
station, without giving it a number, they 
were illustrated by a schematic diagram of 
Salyut-6. Only after the launch this spring 
of Salyut-7 was it stated that Chrétien 
would pass his historic week in space 
aboard what the Soviets say is a more 
advanced and more confortable space 
station. Vera Rich 


French science /oi 


Who will lose? 


Paris 

The long-awaited French law for science 
and technology, which guarantees a 17.8 
per cent annual real growth in government 
civil research spending until 1985, is now 
almost on the statute books. At present, it 
lies under the harsh light of an inter-house 
committee of the French Parliament, 
which is attempting to reconcile the 
differences between the views of the Senate 
(which all but overturned the law) and the 
Assembly (which supported it). Second 
readings are to take place next week but it 
appears that the law will sail through much 
as planned by M. Jean-Pierre Chevéne- 
ment and his team, even if those most 
affected will be reading its provisions with 
a magnifying glass to see exactly what has, 
and what has not, been left in. 

One thing that was left out is causing the 
more cautious of French scientists to pause 
for thought. The law is divided into three 
sections: an introduction, the law proper 
(which is quite short) and an annexe. The 
full force of law attaches only to the law 
proper, so one question has been what is to 
go into the law, and what into the annexe? 
In the research ministry version, 
fundamental science is mentioned only in 
the annexe — where there is talk of 13 per 
cent growth (less than the 17.8 per cent 


total growth, reflecting the fact that the 
Chevénement plan mostly concerns tech- 
nology). Some deputies at the Assembly, 
briefed by university researchers, pushed 
for the 13 per cent to be inscribed into the 
law proper, but the government refused. 

Does this mean that basic research is 
going to be less well protected against the 
current French financial crisis than 
technology? Some French scientists fear 
so. The question is how far should 
Chevénement’s technological imperatives, 
outlined in seven major investment 
programmes from space to biotechnology, 
encroach on and influence the whole of 
science. It is beginning to look as if they will 
be very pervasive. 

For example, new accounting methods 
are to be applied to the big government 
research organizations, such as the Centre 
National de la Recherche Scientifique 
(CNRS), which means that they will be 
controlled from the ministry, programme 
by programme, rather than by total 
budget. The organizations will also be 
given explicit new tasks, such as the 
application of their research to profitable 
ends. 

Even the small protection given to basic 
science by the ministry of national 
education may be being eroded, as the 
ministry appears to be adopting the same 
priorities as the ministry of research. (In 
distributing its research money, which 
amounts to perhaps a fifth of the total 
obtained by universities, the ministry of 
national education recently asked 
universities to favour groups already 
supported through the ministry of research 
and technology.) 

Nevertheless, the fears may be misplaced 
if French research is compared with the 
situation of research in other countries. If 
the 13 per cent figure is respected — and 
ministry of research officials insist that 
although only in the annexe, the figure has 
force — French scientists will be doing far 
better than their foreign colleagues. For the 
sum includes a 4.5 per cent annual increase 
in the number of salaries, and salaries 
amount to more than two-thirds of basic 
research costs. The result is that next year’s 
true research budget — what a laboratory 
director will have in his pocket to spend — 
would be up by more than 25 per cent in 
real terms, an increase so large that one 
senior researcher said last week that it 
would be ‘‘frankly a problem” working 
out how to spend the money. 

For the ministry, the next problem will 
be how to raise the money promised, 
against a sombre French economic 
background (although the promised 
figures are only averages to 1985) and then 
how to put into effect certain structural 
changes outlined in the law. Not least of 
these is the reform of CNRS and related 
organizations which will be given new 
statutes allowing them to make profitable 
links with industry. CNRS will also get new 
rules for electing its internal review body, 
the Comité National. These new rules are 


themselves contentious. It appears that the 
Comité will exclude university lecturers not 
at present or previously associated with the 
organization, thus, according to some, 
deepening the rift between the universities 
and CNRS. Robert Walgate 


Laboratory animal welfare 
Congress in sight 
of compromise 


Washington 

After months of negotiation between 
animal welfare groups and representatives 
of the biomedical research community, a 
bill that would tighten up standards for 
the treatment of laboratory animals has 
reached the House of Representatives 
Science and Technology Committee. 

This compromise proposal (HR 6245) is 
now the only serious contender among the 
several animal welfare bills filed with the 
House. It will be taken up by the committee 
later this month when the House returns 
from its Independence Day recess. The bill 
avoids some of the extreme measures that 
some animal groups had pressed for, such 
as setting aside up to 50 per cent of the 
National Institutes of Health (NIH) funds 
now going to work involving animals used 
for research into non-animal substitutes. 
But it would impose strict requirements on 
the care of animals used in federally- 
supported research. Researchers would 
have to justify any distress caused to a 
research animal and ensure that pain was 
minimized (through the use of 
tranquillizers and anaesthetics, for 
example). No animal could be used in more 
than one major operative procedure, 
except in special circumstances. 

The legislation grew out of hearings held 
last autumn by a House subcommittee in 
response to considerable public pressure. 
At that time legislation for the protection 
of laboratory animals was not serving the 
interests of anyone very well. Under the 
present law, the Animal Welfare Act of 
1966, the responsibility for enforcement 
falls on the Department of Agriculture 
(USDA), which critics say is understaffed 
and cannot do a proper job. 

Last autumn, for instance, USDA 
inspectors found only minor violations in 
Dr Edward Taub’s laboratory just weeks 
before he was indicted under Maryland’s 
animal cruelty law for causing pain and 
suffering to monkeys. Although Dr Taub 
protested that he was the victim of a public 
relations stunt by a group called People for 
Ethical Treatment of Animals, which had 
infiltrated one of its members into Dr 
Taub’s Institute for Behavioral Research in 
Silver Spring, Maryland, he was convicted 
of the charges and also had a $200,000 
NIH grant taken away from him. Dr Taub 
appealed against the conviction, and his 
case is now being heard. 

In an effort to obtain the widest possible 
support for new legislation, the subcom- 
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mittee staff consulted groups such as the 
American Physiological Society and the 
Association of American Medical Colleges 
when drafting the bill, as well as animal 
welfare groups such as the Humane Society 
of America. The bill was reported out of 
the subcommittee on 9 June by a 14-1 vote. 

Universities still have two strong 
objections, however, that may be raised in 
the full committee and may prevent any 
action being taken. One is that the 
standards set by the bill are quite high. For 
one thing, the new legislation would apply 
to rats and mice, which were exempted 
from the Animal Welfare Act. (Farm 
animals would continue to be exempt 
under the new bill.) Research facilities 
would also have to be accredited by an 
organization such as the American 
Association for the Accreditation of 
Laboratory Animal Care (AAALAC), 
which since 1965 has certified about 400 


"HE'S THE TOKEN RAT." 





facilities under a voluntary programme. 
Universities claim that it would cost $500 
million to bring the remaining NIH- 
supported universities up to the very high 
AAALAC standards. 

This objection may be answered in part 
by a 10-year phase-in provision, which the 
subcommittee staff says should allow 
much of the upgrading (installation of new 
ventilation equipment, for example) to be 
done in the course of routine laboratory 
modernization and repair. 

The second objection is that research 
facilities will have to set up animal studies 
committees and in particular will have to 
appoint one member from outside the 
university who is ‘‘primarily responsible 
for representing community concerns 
regarding the welfare of animal subjects’’. 
The committees would act much as human 
experimentation review committees do. 

Balancing these possible objections, 
however, is an apparently growing 
recognition by the research community of 
the benefits that mandatory regulations 
will bring in terms of public reassurance — 
much as the recombinant DNA guidelines 
provided what one scientist calls an 
“umbrella of trust’. This may be 
especially important now that the 
effectiveness of the Animal Welfare Act 
and the essentially voluntary system have 
been called into question. 

Stephen Budiansky 
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US science societies 


Women’s rights 
boycott shadow 


St Louis 

Although the Equal Rights Amendment 
(ERA) to the US Constitution has now 
failed, many states will continue to be 
deprived of important scientific con- 
ferences for years to come. And it is 
possible that some societies will continue to 
boycott the fifteen states that dragged their 
heels on the amendment. 

The amendment would have added to 
the constitution an interdiction of 
discrimination on the grounds of sex. By 
the extended deadline of 30 June, however, 
only 35 of the required 38 states had 
ratified the amendment, which thus 
becomes a dead letter. 

The boycott was first organized in 1977 
by the National Organization for Women 
(NOW), the most prominent feminist 
organization in the United States. 
Convention promoters in non-ratifying 
states have admitted they lost millions of 
dollars’ worth of business during the ERA 
boycott. Convention sites in ratified states 
and Canada benefited. 

How societies will respond to the lapsing 
of ERA is not yet clear. Some have 
abandoned the boycott, but others with 
large numbers of women members or 
which are otherwise committed to equal 
rights for women and minorities are 
ambivalent about giving their convention 
business to non-ratifying states. 

The scientific societies that adopted the 
NOW boycott, and avoided Missouri, 
Ithnois and some southern states none of 
which ratified ERA (see box), include the 
American Association for the Ad- 
vancement of Science (AAAS), the 
American Society for Cell Biology, the 
Society for Neuroscience, the Society for 
Developmental Biology, the Endocrine 
Society, the American Astronomical 
Society and the Biophysical Society. But 
AAAS stresses that its policy on meetings is 
independent of NOW’s boycott. 

No complete list of boycotting societies 
exists, but if the experience of Professional 
Associates of St Louis is typical, fewer than 
half of all scientific organizations 
supported the boycott. Professional 
Associates handles convention planning 
for nine science groups, of which three 
supported the boycott. Of those three, two 
decided to drop the boycott in booking 
meeting sites after 30 June. 

NOW itself has not decided whether to 
keep the boycott going past the deadline, 
but the question is likely to come up at its 
board meeting in July. Even if NOW 
formally ends the boycott, it will affect 
where organizations hold meetings for 
several years if only because many societies 
make their meeting plans years in advance. 

AAAS, the Society for Neuroscience 


and the American Psychiatric Association 
are booked only in ratified states until the 
end of 1986, the Biophysical Society until 
1985 and the American Society for Cell 
Biology until 1984. The boycott excluded 
some of the most popular convention sites 
in the United States such as Atlanta, 
Chicago, New Orleans, St Louis, Kansas 
City and Las Vegas. 

Some other societies did not honour the 
boycott only because it was logistically too 
difficult. The Federation of American 
Societies for Experimental Biology 
(FASEB), for example, says it would have 
liked to have supported the boycott but 
‘The federation’s meetings are so large — 
15,000 to 20,000 people — we require 
50-60 simultaneous meeting rooms. Only 
one or two cities in ratified states can 
provide that.” The FASEB meeting was 
held this year in New Orleans in Louisiana, 
which like most other southern states has 
not ratified ERA. But two of the six 
member societies of FASEB, the American 
Society of Biological Chemists and the 
American Association of Immunologists, 
do honour the boycott when they meet as 
separate groups. 

AAAS acknowledges that it has been 
inconvenienced by its stand, especially 
when it switched its 1979 meeting from 
Chicago to Houston in order to hold the 
meeting in a ratified state. ‘‘It’s always 
inconvenient to move a meeting in less than 
a year’s time. We had to be in several 











Non-ratifying states 
The 15 states that did not ratify ERA 
are: Alabama, Arizona, Arkansas, 
Florida, Georgia, Illinois, Louisiana, 
Mississippi, Missouri, Nevada, North 
Carolina, Oklahoma, South Carolina, 
Utah, Virginia. 


different 


places in Houston.” AAAS 
meetings can draw 4,000 to 8,000 people. 

Germal Sanderson, vice-president for 
sales of the Chicago Convention and 
Tourism Bureau, acknowledged that 
cancellation of business meetings had 
caused ‘‘significant losses’’. He estimated 
that 23 groups cancelled previously 
scheduled meetings, costing the city more 
than $11 million. The effect of the ERA 
boycott could last until 1989, he said. 

Nobody knows if the boycott helped or 
hurt the movement to ratify ERA. People 
representing boycotted convention areas 
agree that it did not help the ratification 
effort and may have hurt it. 

Jim Hutchinson, director of convention 
sales for the New Orleans Convention 
Bureau, says “Jt was ridiculous to begin 
with. It inconvenienced a lot of people and 
not another state has ratified since it 
started’’. NOW itself does not know if the 
boycott swung any legislators’ votes its 
way. “‘It certainly was effective in terms of 
dollars lost’’ says Judy Murphy, NOW press 
secretary. ‘But if it helped, it was just one or 
many things we did.” Karen Freeman 
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Falklands story 
Sır — The history given by Asociacion 
Argentina Para el Progreso de las Ciencias 
(Nature 10° June, p.450) is in error. 

The islands were discovered by the English 
navigator John Davis, inventor of the 
backstaff and double, yadran, i im 1592. . 
Hawkins was-theré ina sooo. 

Commodore Byron took he eid: for 
England in 1765 on the basis of this prior 
discovery and when the naval garrison was 
withdrawn in 1774 it left a plaque claiming full 
sovereignty and allowing Spain to maintain its 
settlement until 1806. 

In 1816 the new United Province of Rio de 
la Plata having overthrown the Spanish yoke 
claimed to succeed Spain and a local governor 
was installed by them in the Falklands in 1828. 
In 1833 Britain expelled the Argentine soldiers 
and again raised the Union Jack in the 
Falklands. 

The British prime minister said in 1834 that 
the British were not prepared to permit any 
other state to exercise a right as derived from 
Spain that Britain had denied to Spain herself. 

The present conflict does not have its origin 
in Grytviken, but in the recent naked 
aggression by Argentina. What was said in 
1834 by the British prime minister still stands. 

F.W. Cousins 
Westminster, London SWL, UK 












Burning question 


SiR — Most cosmologists feel that the evidence 
currently available suggests that the Universe 
originated with a big bang and is now in an 
expansion phase. One of the more important 
questions presented by such a scenario is 
whether or not the Universe will recontract to 
its primordial super-massive germ. The 
physical evidence required for resolution of 
this issue is not yet available. 

There is, however, a source which provides 
the answer clearly and unequivocally. In H 
Peter 3; 10 it is stated: ‘‘But the day of the 
Lord will come as a thief in the night; in the 
which the heavens shall pass away with a great 
noise, and the elements shall melt with fervent 
heat, the earth also and the works that are 
therein shall be burned up.” ALEX HARVEY 
Department of Physics, 

Queens College, New York, USA 


Whence high IQs? 


Sir — In Nature of 20 May, A.M. Anderson 
in his comments! on the article in the same 
issue by R. Lynn entitled “IQ in Japan and 
the United States shows a growing 
disparity’’*, refers to the increase in 
educational opportunities in Japan since the 
1930s, perhaps implying that this increase 
-might be partly responsible for “the Japanese 
a 1Q increase’’, even though Lynn argues 
against it. While agreeing with Anderson that 
ao intelligence test can be totally culture-free 
and, therefore, the performance in any such 
test cannot be unreservedly taken as a true 
measure of a person’s intelligence}, I suggest 
that what has been found in Japan may indeed 
be true of all countries where a large 
proportion of the population has been 
deprived educationally and socially, over 
many generations and where people have 






overcome this audios through rapid 
democratization of education. 

Where opportunities for education and 
access to knowledge and information, have 
been limited, education (or lack of it) tends to 
run in families, with only an extremely small 
proportion of either class (the educated or the 


, educationally deprived) changing over to the 


other class. In India, for example, I estimate 
that education is a hereditary prerogative of 
between 12 and 20 million persons (2—3 per 
cent of the population) representing less than 4 
million small families and half-a-million 
“large” families — large in the sense of Indian 
‘oint’ families4. Probably, less than 10,000 
persons every year (out of a total population 
of 680 million) enter the educationally 
privileged class from the under-privileged, 
changing the complexion of neither class. 

For those who are educated, the day-to-day 
problems of survival are lessened. The survival 
of the uneducated, on the other hand, depends 
on their possessing abilities which would allow 
them to cope with the adverse environment in 
which they must live. Thus the uneducated of 
today would, as a result of evolutionary 
pressures, come to possess more ‘‘native’’ 
(that is inherited) intelligence, than the 
educated ones on whom by and large these 
pressures have not operated. 

Since the intelligence tests cannot give a true 
indication of the native intelligence of a person 
who has been socially, culturally and 
economically deprived in early childhood, 
when the cultural patterns are often 
irrevocably fixed, the above-mentioned 
difference between the native intelligence of 
the long-deprived and the long-privileged 
would show up only when the two groups have 
had equal opportunities and a comparable 
environment to live in from the very 
beginning. A consequence of such a situation 
would be an apparent rise in the average 
intelligence of a population where there has 
been educational deprivation of a large 
population for a long period, as such 
deprivation disappears — as has happened in 
Japan since the 1930s. 

If what I have said above is true, one could 
make two predictions: (1) what has been found 
in Japan should be found to be also true of 
other countries and populations where there 
has been democratization of education on a 
large scale in a relatively short time; and (2) 
the average IQ of those who have moved up 
from a traditionally educationally deprived 
state should be higher than of those who have 
been educationally privileged for generations 
due to circumstances of birth. We must, in 
that case also, conclude that in the United 
States, real democratization of educational 
and related opportunities has not occurred to 
the extent to which it has in Japan. The fact 
that the differences in 1Q were found by Lynn 
even at the age of 6 could be merely an 
indication of the improved environment in 
Japan, in which the children were brought up 
to that age, as a consequence of the true 
educational status of the parents having 
improved across the population in the earlier 
generation(s). P.M. BHARGAVA 
Centre for Cellular and Molecular Biology, 
Hyderabad, India 


i. Anderson, A.M. Nature 297, 181-182 (1982). 

2. Lynn, R. Nature 297, 222-223 (1982). 

3, Bhargava, P.M. Bull, Atomic Sci. 26, 40 (1976). 
4. Bhargava, P.M. New Quest 15, 147 (1979). 


Sequence software 


Sir — In the article ‘‘Europe leads on 
sequences’’ (Nature 15 April, p.596), the 
problem of the collection of nucleic acid 
sequences is discussed. While it is a crucial 
problem, it is not the only one. Once collected, 
the sequences should be easily and quickly- 
accessible towelarge-number-of users, the 
mode of interrogation of the data base should 
be manifold, flexible and selective, and the 
answers should be immediate. Otherwise, the 
enormous effort required to set up a sequence 
library would be partly nullified by its limited 
use. AL present, access to the data by most 
European users occurs by means of magnetic 
tapes, requested and sent by mail, containing 
all the sequences and related information 
stored in the library. The recipient of the tape 
then needs to read the entire tape on his own 
computer before the required information can 
be extracted. This procedure is time 
consuming and inefficient. 

We have developed, on a computer Digital 
VAX/VMS 11-780 (Physics Institute, GNCB, 
Bari), an interactive software system for the 
retrieval and analysis of nucleic acid 
sequences. This system, which works in real 
time, offers a large number of options both 
for perusing and for analysing the data. No 
specific computer knowledge is required since 
the users, connected with remote terminals 
through telephone lines, are guided 
throughout their work. The main novel feature 
of the system is the mechanism of data 
retrieval, which is accomplished through the 
use of forty keys. Each key can be used alone 
or in combination with others. Among the 
available keys are: sequence code, 
bibliographic citations Gournal, year of 
publication, personal communication), date of 
entry into the library, number of base pairs, 
function and biological source. Among 
eukaryotes, the selection can be made by 
kingdom, phylum or division, class, genus and 
species. An analogous selection is offered for 
prokaryotes. Viral nucleotide sequences can be 
retrieved by using the virus name, the genus, 
the family or the host. Biological groups of 
particular interest can also be selected, for 
example protozoa, bacteria, algae, fungi, 
lichens, higher plants, invertebrates and 
vertebrates. The outputs can be tailored to 
specific needs, through a choice of what to 
print and on which output device. 

To test our software, we used sequences 
from a collection of about five hundred, 
kindly given to us by Dr Greg Hamm 
(European Molecular Biology Laboratory, 
Heidelberg) and by Dr Kurt Stüber (Genetics 
Institute, Cologne). These data were 
reorganized in order to make them compatible 
with our software. In planning the system, we 
took into consideration the fact that precise 
requirements and standards for a nucleic acid 
sequence library do not yet exist. Therefore, 
we incorporated into the software design 
provisions for great flexibility in terms of 
additions, deletions and changes. 

This system is available to the scientific 
community upon request and without cost. We 
hope that it will become a useful research tool. 


CECILIA SACCONE, CECILIA LANAVE, 
MARCELLA ATTIMONELLI, GIULIA SIMPSON 


Institute of Biological Chemistry, 
University of Bari, Italy 
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OVER the past decade or so, the problems 
associated with the chemistry of the 
troposphere (the lowest 10 km of the 
atmosphere) have attracted increasing 
attention. The ecological effects of acidic 
rain and climatic effects of carbon dioxide 
have both generated many conferences and 
much media coverage. It was something of 
a change — even a relief — to see these 
topics recede (if only temporarily) within 
the general chemical perspective of a recent 
discussion meeting*. The organizers’ 


declared aim was to assess the chemistry of 


the troposphere, particularly as influenced 
by biota and by the hydrosphere and 
lithosphere. Fundamental chemical 
questions were apparent. For instance, free 
hydroxyl radicals are now thought to be the 
most significant oxidizers in the tropo- 
sphere, yet they can barely be detected 
using current techniques. With such 
problems being highlighted, the impression 
left by the meeting is that atmospheric 
chemists have been caught in flagrante 
ignorantia by their increasingly 
industrialized planet. 

Apart from their chemical production in 
the atmosphere itself, tropospheric gases 
originate from volcanoes, oceans, man and 
his by-products and from biota and their 
detritus. Much attention at the meeting was 
focused on biogenic emissions, which 
represent virtually the sole source of such 
important trace constituents as ammonia 
and methane. Biological processes occur 
both on land and in the oceans of course, 
but the former, being arguably less 
homogeneous, present more problems. 

A characteristic problem is: how 
representative are emission measurements 
of nitrous oxide from a particular site? 
That is, how reliably can they be 
extrapolated towards a global budget? 
Given the significant dependence of 
emission rates on crop and soil types, for 
example, and the influence of fertilizers, 
the need for comprehensive measurements 
is obvious — doubly so when temporal 
variations arise due to temperature 
dependence. More generally, given that 
compositions of many important trace 
species are in the parts per trillion (10°'*) by 





*“The Dahiem W oe on Atmospheric Chemistry was heid in 
Berlin on 2-7 May 198 
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from Philip Campbell 


volume range, there were strong pleas for 
quality control of measurements and for 
accompanying background data on 
ambient UV and visible radiation for 
example. The latter are important because 
of the photodependence of important 
oxidation processes discussed below. 

The source regions of the biosphere can 
be split into the oxic (containing free 
oxygen) and anoxic. The former include 
the upper layers of the ocean and of soils. 
As well as such fully oxidized species as 
carbon dioxide, oxic regions also produce 
such relatively reduced species as nitrous 
and nitric oxides from bacterial processes 
and ammonia from the decay of animal 
excreta. The anoxic environment (lower 
soil regions, and the interiors of animals 
for example) harbours the production of 
reduced species such as hydrogen sulphide 
(by sulphate-reducing bacteria) and 
methane (primarily by anaerobic bacteria 
in waterlogged soils and in termites). 

As well as the specific uncertainties 
associated with such emission processes, 
participants highlighted the problems of 
modulation and transport in the biosphere. 
This problem is well illustrated by hydro- 
gen sulphide. Bacterial reduction of 
continental shelf sediments is thought to 
result in a billion (10°) tons of H,S being 
produced every year, yet only a few million 
tons reach the atmosphere. The balance 
is taken up by oxidation in the upper 
layers of the oceans or, more to the point, 
by biological oxidation by sulphur bacteria 
which, in this manner, consume the gas 
with extreme efficiency. Similar processes 
have been observed with nitrous oxide. 

As layers of bacteria only fractions of a 
millimetre thick can have a significant role, 
participants emphasized the care required 
when measuring fluxes between 
environmental ‘compartments’. In 
contrast, rarer volatiles such as carbonyl 
sulphide and dimethyl sulphide (DMS) slip 
through the bacterial net. DMS is a very 
important carrier in the global sulphur 
cycle, being produced by marine algae and 
having a strong ocean~atmosphere flux. 
Investigation into possible continental 
sources of this and other volatile sulphur 
compounds was placed high on the 
conference shopping list. 

It is now clear that the tropospheric 
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chemical fates of virtually all the important 5 
trace gases are governed by free hydroxyl. See 


radicals. As R. J. Cicerone (National 
Center for Atmospheric Research, 
Boulder) remarked, this statement would 
have been ridiculed a decade or so ago. 


when few believed that electrically neutral a 


free radicals could exist in the troposphere, 
In 1971, however, H. Levy suggested that 
excited oxygen atoms produced by the well- 


known UV photolysis of tropospheric Se 
ozone would react with water to produce 
These highly 


free hydroxyl radicals. 
reactive species, present in minute (and at 
present barely detectable) quantities, 
oxidize important trace species such as 
methane, carbon monoxide, hydrogen © 
sulphide, ammonia and a host of others... 

It is obviously important, therefore, that 


the temporal and spatial behaviour of ee 
tropospheric ozone be well understood. An 
important source is downward diffusion E 


from the stratosphere. However, hydroxyl 
radicals also play an important. part in 
determining tropospheric ozone 
concentrations, because they fill the role of 
active catalysts both in its production 
(permitting the oxidation of carbon 
monoxide by oxygen) and its destruction 


(where ozone oxidizes carbon monoxideto. ~ 


produce carbon dioxide and oxygen). 
These processes require reaction sequences 
which involve NO and NO, and produce 
the intermediate species HO,. Thus, it was- 
Strongly recommended that. the 
atmospheric distributions of these species 
and of O, and OH be intensively 


investigated. Such work will require the oe 


further development of experimental 
techniques due to the minute quantities of 
some of the species concerned. Also 
essential will be the continuation of 
laboratory kinetic studies since a 
knowledge of rate constants is central to 
atmospheric chemical modelling. 

The hydroxyl radicals are one example of 
the significant role of gas-phase catalysis, 
where minute quantities of a trace species 
will significantly affect not only the 
chemical but also the thermal balance of 
the atmosphere. Thus, those currently 
concerned about the effects of chloro- 
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fluorocarbons on stratospheric ozone 
(another example of such catalysis) may 
broaden their attention downwards as the 
very complex tropospheric pathways 
become better understood. 

Although the oxidation processes 
described above are important, others may 
be equally so and are equally ill defined at 
present. An important example is that of 
SO,. The concentrations of SO, and C,H, 
observed in the. remote troposphere are 
roughly the same although their emissions 
from combustion are in the ratio of 100:1. 
Their gas-phase oxidation rates by 
hydroxyl radicals are similar, so some other 
mechanisms for SO, removal exist. One of 
these is wet-phase oxidation. 

It was remarked that atmospheric 
aqueous chemists appear to be at the stage 
reached by their gas-phase colleagues a 
decade or so ago, with islands of 
information in a sea of uncertainty. 
Although the chemical components in 
atmospheric water are moderately well 
known, their reactions are still very 
uncertain. The main oxidizing agents are 
thought to be H,O,, O, and O,, and the 
best (or least poorly) understood process 
probably the aqueous oxidation of SO, to 
sulphate, of obvious relevance to acidic 
rain. Aqueous kinetics are strongly pH 
dependent and depend also on the presence 
of catalysts such as manganese ions and 
graphite. There are unpublished 
observations that indicate that H,O, may 
be much more prevalent in rainwater than 
previously thought. Complications include 
photochemical effects and the fact that 
equilibrium may not be reached in 
raindrops. 

The probable importance of transition 
metals for aqueous catalysis was 
emphasized together with the uncertainties 
concerning their chemical form. For 
instance, organic complexes of transition 
metals have been observed to drastically 
enhance oxidation of reduced sulphur 
compounds, while complexation of 
reduced iron and manganese inhibits their 
catalytic abilities. The need for laboratory 
studies of such problems is urgent, together 
with field identification of complexes in 
rainwater, aerosols, and so on. 

Other uncertainties in the aqueous phase 
are associated with gas solubilities. G. 
Ayers (CSIRO, Mordialloc) reported 
measurements of ammonia in rainfall that 
indicated considerably lower solubilities 
than expected. Whether the difficulties lie 
with the earlier measurements of the 
Henry’s Law constant or with unknown 
processes peculiar to rainwater is not 
known. Given ammonia’s importance in 
providing atmospheric alkalinity, such 
problems (which may also become 
apparent for other trace species) would 
appear to be fundamental. 

Although the topic of the conference was 
chemical, the problems of aqueous 
chemistry are closely linked with the 
physics of the water cycle itself (for 
instance, repeated condensation and 
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evaporation within clouds). Moreover, the 
means by which atmospheric constituents 
are incorporated into raindrops, snow and 
aerosols require detailed investigation, 
because they not only affect the chemical 
transformation of species but also 
represent an important atmospheric sink in 
global budgets. As an example, and in a 
memorable display of technical bravura, 
W.G.LN. Slinn (Battelle-Pacific NW Labs, 
Richland) demonstrated the cleansing 
action of rain through its depletion of in- 
flight insect populations. 

Given the wide range of outstanding but 
clearly identified problems associated with 
the chemistry of today’s atmosphere, it 
would seem presumptuous to consider 
tackling the equivalent problems of the 
past, where only a few species have so far 
been directly identified (as opposed to 
inferred). Nevertheless, one group of 
participants was allotted the task of 
assessing the records of past atmospheric 
composition. Ice cores, lake and marine 
sediments and tree-rings can together 
provide information over the Quaternary 
period (the past two million years or so), 
the tree-ring interpretations being dependent 
on models of leaf uptake and transfer 
and so on. Ice-cores from Greenland and 
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Antarctica offer the most direct record of 
composition, stretching back 10° years or 
more, but practitioners are the first to 
acknowledge that considerable work is 
required before the full potential of this 
resource is realized. Further back in time, 
the geological record requires a 
considerable degree of inference to yield 
compositional information. Past carbon 
dioxide concentrations are of obvious. 


importance to-the climatologists owing tor ~~ 


their attendant greenhouse tendencies, and 
climatic change is more directly 
documented in sediments than composition. 
This has necessarily been a selective 
review of a wide-ranging meeting, 
concentrating, for instance, on the 
inorganic gaseous constituents of the 
troposphere. But considerable attention 
was also given to the sources and fates of 
organic species (for which data are scarce) 
and of metalloid compounds [such as 
(CH,)Ņọ Sn]. Another extremely important 
set of atmospheric constituents is the 
aerosols, whose impact on the chemical 
balance of the troposphere is profound, 
and whose composition, physical 
characteristics and chemical and physical 
evolution (nucleation and transport) nee 


extensive investigation. i 


A corona around the Milky Way 


from Joel N. Bregman 


Many new observations in the UV, X-ray 
and radio wavelength regions indicate that 
a multi-component corona of hot and cool 
gas surrounds the disk of our Galaxy. 
Unlike the disk itself, which is rich in 
relatively easily studied neutral and ionized 
gas and cosmic rays, the components ofthe 
surrounding region have proved difficult 
to investigate. Attempts are now being 
made to fit the new observations to coronal 
models in which the activity of the disk 
gives rise to the corona and the heating and 
cooling processes naturally cause phase 
changes in the gas, resulting in a complex 
corona. 

Evidence that clouds of gas exist above 
the disk first came from observations of the 
Ca ut absorption lines against the optical 
continua of stars, by Münch and Zirin'. 
The optical absorption lines are produced 
by cool (<10°°K) clouds of gas but Münch 
and Zirin', in studies of stars far above the 
disk, discovered more absorption lines 
than could be accounted for by gas clouds 
in the disk alone. Several recent studies, in 
which UV spectra of hot, distant stars were 
obtained with the International Ultraviolet 
Explorer (IUE), support and greatly extend 
the earlier optical work. Absorption lines 
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of Si iv and Civ, commonly seen in these 
UV spectra, originate in either collisionally 
ionized gas at 10°K or photoionized gas at 
10°K. It is not yet possible to measure 
directly the distance to individual clouds, 
but distances can be calculated by 
interpreting the absorption line velocities 
with a model for galactic rotation. The 
clouds probably lie within 30,000 light yr of 
the galactic disk? (while, for comparison, 
the half-thickness of the disk is only 600 
light yr). 

X-ray observations reveal that another 
component of the corona is gas con- 
siderably hotter than that responsible for 
optical or UV absorption lines. The 
Wisconsin X-ray group find an X-ray 
background flux (1 keV), some of which is 
associated with the Galaxy and probably 
originates above the disk in a flattened 
corona’. Unfortunately, they are unable to 
distinguish between emission from point 
sources (stars) and diffuse gas, nor do they 
directly measure the distance to their 
emitters. Nevertheless, these observations 
at least are consistent with a hot diffuse 
corona (~3x 10K, n~ 10° cm? if the 
height of the corona is that suggested from 
optical studies). 

Radio observations complete our 
current understanding of the corona. 
Observations of the 21 cm hyperfine 
transition of neutral hydrogen show many 
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cool clouds (< 10°K) with high velocities®. 
Because these velocities cannot arise from 
galactic rotation of ordinary disk gas, 
several investigators have suggested that 
the clouds reside in the corona and may be 
falling towards the disk’~'©. Radio 
measurements of pulsars show that the 
pulsed radiation is dispersed by electrons of 
mean density 0.025 cm` and scale height 
greater than 1,500 light yr (ref.11). Finally, 
a weak low-frequency radio continuum 
background’? that is probably synchrotron 
emission from cosmic rays interacting with 
the coronal magnetic field is observed. 
These observations are consistent with the 
model if there are significant cosmic ray 
intensities at distances greater than 3,000 
light yr from the disk". The galactic disk 
thus seems surrounded by a thick corona 
composed of thermal gas at several 
temperatures (< 10*K, 10-10K, = 10°K) 
as well as cosmic rays and magnetic fields. 

Although no single theory explains the 
presence of all these components, progress 
has been made in linking some of the 
components together. Spitzer'* pointed 
out that if million degree gas could escape 
the disk, it would surround the Galaxy with 
a corona several tens of thousands of light 
years thick. This corona would lose 
' thermal energy through radiation in a 
process such that cooling condensations of 
gas would grow quickly and form into 
clouds much cooler (< 10*K) than the rest 
of the corona’-'®, These clouds may fall 
into the disk, merge with the interstellar 
disk gas and eventually re-emerge as hot 
gas again, in a cycle that has been termed a 
‘galactic fountain’. For certain tem- 
peratures and densities of the hot coronal 
gas, the theoretical velocity pattern of the 
cool clouds roughly reproduces that of the 
high-velocity clouds of neutral hydrogen’. 
While the interior of these cool clouds is 
probably neutral, their surface may be 
photoionized by soft X rays, or by photons 
from hot stars. The ionized surface layer 
would be the site of the Si 1v and C iv 
absorption lines seen in the UV spectra. 
Although this model links together the 
various phases of the thermal gas, it is not 
without problems, one being that cosmic 
rays are not included. 

As a first step towards remedying this 
omission Hall! has considered the 
connection between a hot turbulent 
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corona, and the propagation of cosmic 
rays and the structure of the magnetic field. 
In this model, the cosmic rays occupy 
approximately the same volume as the hot 
corona and large-scale turbulence in the 
hot gas causes magneto-hydrodynamic 
instabilities which result in small-scale 


density fluctuations and magnetic field 
irregularities in the gas. Consequently, 
cosmic rays are scattered as they propagate 
through the corona in such a way that the 
size of the cosmic ray corona and the 
diffusion coefficient within it can be 
accounted for. E) 


Sons and daughters 


from T.H. Clutton-Brock 


IN some species of invertebrates, the sex 
ratios of emerging adults can vary from 
nearly 100 per cent males to nearly 100 per 
cent females!*. Although the immediate 
causes of sex ratio variation are diverse — 
in some species, sex ratios are controlled by 
environmental conditions during growth 
while in haplo-diploid organisms they 
depend on the proportion of fertilized to 
unfertilized eggs laid —- the evidence that 
they represent adaptive strategies of 
reproduction is overwhelming’. But can 
diploid organisms such as birds and 
mammals, where sex is chromosomally 
determined, vary the sex ratio of their 
progeny in an adaptive fashion, too? The 
traditional view is that they can’t? but 
several recent studies have challenged this 
position. 

The most sensational of these claims, 
made by Nancy Burley of the University of 
Illinois, is that coloured leg rings fitted to 
the legs of zebra finches not only affected 
their attractiveness as mates but also 
influence the sex ratio of the progeny they 
produce*. According to Burley, pairs 
generally bias the sex ratio of their 
offspring towards the sex of the more 
attractive parent; for example, those in 
which the male wears an ‘attractive’ ring 
and the female an ‘unattractive’ one tend 
to produce male-biased sex ratios. This 
arrangement, Burley argues, will increase 
parental fitness. 

Not surprisingly, the publication of 
these claims evoked a strong response. 
Many laboratory and field studies of social 
behaviour in birds use colour rings. How 
many effects might have been obscured — 
or produced — by the colour of the rings 
used? How many population explosions — 
or crashes — could coloured leg rings have 
caused? Two critiques of Burley’s paper 
have been recently published in Science 5‘ 
and although Burley rebuts some of the 
criticisms in the same issue, the small size of 
her sample and the absence of any 
relationship between the reproductive 
success of males and the sex ratio of their 


.offspring in other bird species’® indicate a 


Strong need for her experiments to be 
replicated before their generality is 
accepted. 

What of other cases of variation in 
secondary (birth or hatching) sex ratios in 
birds and mammals? In many cases, 


suggested effects do not approach 
Statistical significance?!'. In addition, a 
proportion of significant trends are likely 
to be fortuitous: sex ratios have universal 
interest and it is probable that few 
biologists with access to breeding data fail 
to look for consistent trends, publishing 
only if significant effects are found. Since 
there is no way of estimating the number of 
those looking for variation in sex ratios, it 
is impossible to tell what proportion of 


significant trends could have arisen by _ 


chance. There are certainly many data sets 
in which no sex ratio bias is evident? t; in 
particular, the search for genetic variance 
in the sex ratio among outcrossed 
vertebrates has been largely unsuccessful'¢. 
Where genetic effects have been 
implicated, they are typically very small 
indeed; for example, an analysis of 150,000: 
births sired by 107 bulls found significant 
differences in the sex ratio of progeny sired 
by different fathers but, after correcting 
for the expected binomial variation, the 
standard deviation of the proportion of 
males produced was only 1.5 per cent!5. 

Nevertheless, a growing number of 
studies suggest that secondary sex ratios 
can and do vary among birds and 
mammals. Birth sex ratios not 
uncommonly differ from unity in 
mammals: female-biased ratios are 
uncommon while a considerable number of 
sexually dimorphic mammals, including 
man, show male-biased birth sex -ratios 
which differ significantly from unity in 
large samples'®!’, Exceptions include two 
species of lemmings which produce around 
twice as many daughters as sons, 
apparently because a proportion of 
females are of XY karotype with an X 
chromosome that causes its bearer to be a 
female and to produce mainly or 
exclusively X-bearing eggs!®?°, 

Secondary sex ratios also vary within 
species. In laboratory mice maintained on 
low-fat diets, birth sex ratios fell from 50 per 
cent male in a control group to 24 per cent 
among experimental animals?'!, while a 
group of female white-tailed deer 
maintained on a low plane of nutrition 
produced 70 per cent sons compared with 
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Table 1 Relationship between fawn sex ratio 
and the temporal interval between 
onset of oestrus and insemination in 
white-tailed deer (from ref. 25) 
Hours in oestrus 
13~24 25-36 37-48 49-96 Total x 

Male 

fawns 4 12 25 21 62 
Female 

fawns 24 19 15 5 63 


Per cent 

males 14.3. 38.7 62.5 80.8 49.6 
No. of 

does 15 15 2i 16 67 
Fawns/ 

mother 1.87 2.07 1.90 1.69 1.88 


47 per cent among females reared on a high 
plane of nutrition??. Significant 
associations between birth sex ratios and 
the timing of insemination relative to 
ovulation? have been demonstrated in 
several studies of human data and in a 
recent experiment with white-tailed deer 
(see Table 1). More males are born early in 
the breeding season in some seals***? as 
well as in red-winged blackbirds? while this 
trend is reversed in some other birds”. Two 
recent studies of baboons and macaques 
show that socially dominant females 
produce more daughters than sons while 
subordinates produce more sons than 
daughters (Table 2). And in several 
ungulate species there is evidence that more 
males are produced at high population 
density? while research on rodents 
indicates that birth sex ratios vary 
significantly with the population cycle**>. 
In none of these cases is the mechanism 
responsible for the variation in sex ratio yet 
known but the effects should not be lightly 
dismissed on this score. Both male- and 
female-biased mortality can occur during 
gestation?’ *3 and the possibility of 
variation in the sex ratio at conception 
cannot be excluded (see refs 44-46). 

A central question is whether variation 
in secondary sex ratios is adaptive — as is 
clearly the case in haplo-diploid organisms. 





Table 2 Sex ratios in relation to maternal 
dominance rank in macaques and 


baboons 
Species Maternal rank 
Papio cynocephalus High Low 
(Wild population: ref.31) 
Females 19 7 
Males 10 15 
Per cent males 29 22 


Macaca mulatta 
(Captive group: ref. 32, Simpson, unpublished) 


1972-1981 High Medium Low 
Females 20 12 13 
Males 9 19 20 
Per cent 
males 31 6i 61 
Pre-1972 High Others 
Females 18 7 
Males 6 15 
Per cent 
males 25 68 


Trivers and Willard” argued that in species 
where reproductive success varies more 
widely among males than females and 
parenta! investment influences the success 
of offspring, females should produce more 
sons at times when they are in superior 
body condition (and so can afford to invest 
heavily in each offspring) and more 
daughters when in inferior condition, 
perhaps adjusting the sex ratio of their 
progeny through sex-differential mortality 
among their offspring. Their theory was 
subsequently disputed'®? but has since been 
shown to be robust 48, though the evidence 
cited in support of it is unconvincing’. 

Some cases appear to agree with the 
predictions of Trivers and Willard’s 
theory. The low proportion of males 
produced by mice reared on poor diets?! 
fits Trivers and Willard’s predictions and 
so, too, may the female-biased sex ratios 
produced by early breeding grackles*®. 
Other studies have shown that under 
circumstances of food shortage male 
neonates are less likely to survive*?°, 
though an alternative explanation is that 
increased mortality is one of the costs of 
faster growth rates, higher metabolic rates 
and reduced fat deposition among growing 
males in dimorphic species! . 

However, there are as many trends that 
apparently contradict the predictions of 
Trivers and Willard’s theory, including the 
tendency for female white-tailed deer 
maintained on a low plane of nutrition to 
produce male-biased sex ratios? and for 
dominant baboons and macaques to 
produce female-biased ones*!*?. These 
results could still be fitted within the 
framework of the theory if breeding 
success proved to vary more widely in 
females than males. Alternatively, parental 
investment may sometimes have a greater 
effect on females than males — for it is the 
effects of parental investment on variance 
in the reproductive success among male 
and female offspring rather than the 
amount of variance per se that will 
determine which sex a parent should invest 
in most. A difference of this kind has been 
invoked by Altmann*! to account for the 
female-biased sex ratios produced by 
dominant baboons: in this species, as well 
as in rhesus macaques, the reproductive 
success of females is related to the rank of 
the matriline to which they belong and 
dominant mothers may be able to influence 
the reproductive success of their daughters 
more than that of their sons. But it is 
important to remember that neither 
variation in lifetime reproductive success 
nor the effects of parental investment on 
success have yet been measured in both 
sexes in any wild vertebrate. 

Other functional relationships may also 
be involved. The tendency for late 
inseminations to produce male-biased 
progeny could allow individuals to bias the 
sex ratio of their offspring towards the 
rarer sex?’ — an effect which has been 
experimentally demonstrated in guppies. 
In species where females remain in their 


natal area while males disperse, sisters may 
compete with each other for food and 
male-biased sex ratios may be favoured”, 
especially when population density is high. 
Conversely, where populations are divided 
into small inbreeding populations, com- 
petition between brothers for mates may 
favour female-biased ratios — which could 
explain the occurrence of female biases 
among lemmings**. Where males are more 
likely to die before the termination of 
parental investment, an excess of males 
may be produced at birth'®°> — an 
argument originally produced by R. A. 
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Fisher to explain the existence of male- 
biased birth sex ratios in man!®. 

Alternatively, sex ratio variation may 
sometimes be a non-adaptive consequence 
of an adaptive mechanism. For example, in 
baboons and macaques, females are likely 
to remain in the troop where they are born 
throughout their lives and mothers may be 
able to increase the reproductive success of 
their offspring by removing as many 
- potential competitors as possible’*. In 
several species, there is evidence that 
female juveniles are more likely to be 
attacked or threatened by conspecifics than 
malesi, and one study has even 
suggested that this effect may extend to 
females pregnant with female fetuses”, 
possibly increasing the likelihood that 
subordinates will abort if they have 
conceived daughters, 

However, the basis for adaptive 
explanations of sex ratio variation in 
vertebrates is weak because we know 
virtually nothing about the extent to which 
parental investment affects the 


reproductive success of sons and daughters 
in wild populations or the environmental 
factors that modify its influence. In 
addition, the very flexibility of adaptive 
arguments undermines their credibility 
Since there are few trends to which a 
plausible, adaptive explanation could not 
be fitted. Before accepting such 
arguments, we need to know considerably 
more about the distributions of the effects 
they claim to explain. How is maternal 
rank related to the sex ratio in primates 
where daughters do not inherit their 
mother’s rank? Is high population density 
associated with female-biased birth sex 
ratios in species where daughters disperse 
and sons remain in their natal area? Do 
species which show particularly biased 
birth sex ratios also show especially strong 
sex differential mortality during early 
growth? And how is sex ratio variation 
achieved? Until these questions have been 
examined, we shall continue to be left with 
some interesting data, a plethora of 
stimulating ideas and few firm conclusions. 


Decapentaplegic — 


hopes held out 


from Gary Struhl 


FRuIT flies are composed of around a 
million cells arranged in a miraculously 
complex pattern. Each eye, for example, 
contains about 700 facets arranged in a 
crystalline lattice; each facet is itself a 
precise hexagonal array of specialized 
receptor, pigment and accessory cells. How 
such intricate patterns arise is a central 
problem in developmental biology. In the 
case of the eye, it was once thought that 
each facet arose independently as the 
descendent of a single cell. But this simple 
lineage model fell by the wayside with the 
discoveries that facets are not clones’, 
and that any two cells in a cluster of 
neighbouring facets can arise as daughters 
from the same mother cell?. Thus, in the 
eye, as in most other tissues of the adult 
epidermis, cell patterns are not dictated by 
cell ancestry, but rather by interactions 
between cells. And in order for such inter- 
actions to give rise to the coherent cell 
patterns of organs and appendages, there 
must be mechanisms for organizing and 
interpreting spatial information in large 
populations of cells. 

At present, we can only speculate about 
how cells know where they are in a 
developing tissue, and how they use this 
information to decide what to do. 
Whatever the mechanism, however, its 
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components must be molecules encoded by 
genes, and this fact provides one of the few 
approaches to understanding how cell 
patterning occurs. In principle, it should be 
possible to identify the particular genes 
whose products are responsible for 
organizing and interpreting spatial infor- 
mation, and, once identified, it should be 
possible to isolate such genes, purify their 
products and determine their mode of 
action at the molecular level. 

Unfortunately, there is at least one 
serious flaw in this golden scenario — how 
does one identify the relevant genes? There 
are of the order of 10* genes in the 
Drosophila genome, of which only a few 
are probably integral components of the 
cell patterning mechanism. At present, the 
only criterion for finding these few needles 
buried in the genomic haystack is mutant 
phenotype. But here is a catch-22: without 
a clear understanding of the mechanism in 
question, it is difficult to predict the 
phenotypes of mutations which eliminate 
its component parts. So choosing the right 
genes is a difficult business, depending as 
much on chance and intuition as on 
objective arguments. And unfortunately, 
an error in judgement may go undetected 
for several years. 

In a recent paper’, Spencer ef al. have 
described a complex genetic locus in 
Drosophila, decapentaplegic (dpp; 
otherwise called keld our), which they 
suggest encodes a series of related gene 


products involved in positional signalling. 
If their suggestion is correct, understand- 
ing how the products of this locus work will 
be of fundamental importance. What is 
their evidence? Briefly, they have obtained 
a series of mutations in this locus which 
result in the absence of specific parts of the 
adult appendages. The mutations fall into 
several discrete classes which can be 
arranged in an order such that low-class 
mutations remove only a few distal struc- 
tures in each appendage, whereas pro- 
gressively higher-class mutations remove 
more and more proximal structures (the 
highest-class mutations appear to kill the 
embryo). In addition, the functional 
genetic units defined by the different 
classes of mutation are arranged on the 
chromosome in an order that corresponds 
directly with their phenotypic hierarchy. 
On the basis of these results, the authors 
**presume that the functional units in the 
decapentaplegic complex correspond to a 
series of structural genes encoding 
activities in morphogenetic positional 
signalling’’. | 

Because this work may comprise the 
foundation of a detailed genetic and 
molecular analysis, it is well to ask how 
good this presumption is. At its basis lies 
the assumption that loss of distal structures 
results from absence of positional 
signalling along the proximo-distal axis. As 
Spencer et al. note, there is no easy way to 
assess the validity of this assumption. Con- 
sequently, one must bear in mind that there 
may be other less interesting explanations 
for the preferential loss of distal portions 
of adult appendages. For example, distal 
portions of most imaginal disks may 
proliferate more rapidly than proximal 
portions; it is possible that in the absence of 
the decapentaplegic gene(s), rapidly pro- 
liferating cells may accumulate a toxic 
metabolite, or run out of an essential meta- 
bolite, thereby leading to cell death and 
consequent loss of structures. 

It may help to compare the phenotypes 
of decapentaplegic mutations with the 
phenotypes of other mutations thought to 
be primary defects in the cell patterning 
mechanism. For example, homeotic 
mutations, exemplified by mutations of the 
bithorax complex’, result in particular 
parts of the animal developing like other 
parts (for example, some of the abdominal 
segments developing like the second 
thoracic segment). That is, they result in 
the replacement of one cell pattern by 
another. In addition, such mutations trans- 
form the cell pattern of both the larval and 
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adult epidermis in a corresponding 
fashion. A second example is that of 
mutations such as engrailed® and the 
segmentation mutations isolated and 
described by Nusslein-Volhard and 
Wieschaus’ which alter the pattern of all 
segments in a homologous fashion. These 
mutations affect all segments of the 
embryo, and in a few cases all segments of 
the adult. Moreover, they generally result 
in deletion of a particular portion of the 
segment and in mirror image duplication of. 
the remaining portion. Again, as in the case 
of homeotic mutations, these mutations 
result in phenotypes which may be 
described as the replacement of one cell 
pattern by another. Also, like the homeotic 
mutations, they alter the cell pattern of the 
embryo, and hence affect cells which have 
not undergone extensive proliferation. 
Whether mutations which result in the 


replacement of one cell pattern by another 
are more likely to be relevant to the process 
of positional signalling than mutations 
which simply eliminate homologous 
portions of cell pattern is anybody’s guess. 
Similarly, it is difficult to assess whether 
mutations which alter cell pattern in precise 
ways in the absence of extensive pro- 
liferation are of more interest than 
mutations which cause the elimination of 
proliferating cells. In the case of the 
decapentaplegic complex, further 
descriptions of mutant phenotypes at the 
cellular level may help to bolster the 
argument that this gene complex plays a 
specific part in positional information. But 
ultimately, the validity of this argument, or 
lack thereof, may only be apparent after all 
the hard work is done — when we 
understand the molecular roles of the 
decapentaplegic gene products. C) 


Synthetic peptides as the 
basis for future vaccines 


from John Beale 


Most antigenic determinants of proteins 
are thought to be conformational rather 
than sequential; they depend upon the 
three-dimensional folding of the molecule 
rather than on the linear sequence of amino 
acids. Jim Bittle and his colleagues provide 
in this issue of Nature, p.30, an example of 
the importance of the primary amino acid 
sequence for foot-and-mouth disease virus 
(FMDV). They synthesized peptides 
corresponding to several regions of the 
virus polypeptide VP1 and found that one 
of them, corresponding to amino acids 
141-160, when coupled to keyhole limpet 
haemocyanin (KLH) and given with an 
adjuvant, produced neutralizing 
antibodies to FMDV and protection 
against challenge in animals. Another 
peptide, containing amino acids 201-213 
of VPI, also produced neutralizing anti- 
bodies. This is an exciting result for both 
theoretical and practical reasons. 

The fact that alteration of conformation 
by denaturation or enzymatic digestion 
greatly changes antigenicity suggests that 
most antigenic determinants of proteins 
are conformational rather than sequential. 
For foot-and-mouth disease, for example, 
the viral peptides derived from either 
infected cells or disrupted virus have lost 
most of their immunogenicity; genetically 
engineered VPI is also of low immuno- 
genicity'. However, several recent lines of 
evidence suggest that small synthetic 
peptides having the sequence of antigenic 
determinants on a protein will, in fact, 
react with antibody to the intact native 
antigen and in some instances will 
neutralize its biological activity. 

Langbeheim, Arnon and Sela’, for 
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example, found that a 20 amino acid 
peptide corresponding to amino acids 
89-108 of the coat protein of MS2 phage, 
when coupled to a carrier, induced anti- 
bodies in animals which neutralized the 
phage and were as effective as antibody to 
the intact phage or the coat protein. The 
neutralization test involved the use of goat 
antiglobulin which may have produced 
neutralization without the primary 
antibody binding to a specific neutralizing 
site. Peptides representing other regions of 
the coat protein were ineffective. Similar 
results come from synthetic peptides 
corresponding to the antigenic deter- 
minant regions of diptheria toxin? and the 
natural cyanogen bromide immunizing 
fragment of the M protein of type 24 
Streptococcus pyogenes*. Success with 
hepatitis B virus has also been achieved by 
several groups, although protection in 
chimpanzees has not yet been reported (see 
A. Zuckerman News & Views 295, 98; 
1982). Attempts to reproduce the native 
conformation of the antigenic determinant 
by producing a cyclic peptide’ did not yield 
an antigen clearly superior to the linear 
peptides®. ; 
The situation with influenza virus is 
more confused. Studies of variants using 
monoclonal antibodies and X-ray 
crystallography’ have provided very 
precise information about the amino acid 
sequences and the antigenic sites, so the 
effectiveness of synthetic peptides would 
be confidently predicted. In the event, 
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although antibodies raised against several 

KLH-linked synthetic peptides could react 

with influenza haemagglutinin, they did 

not react with the previously delineated 

antigenic sites’. Moreover, antibodies 

raised against the haemagglutinin did not 
react with the synthetic peptides. These 

results suggest conformation of the 

molecule is important. 

A key question is whether synthetic 
peptides can form the basis for a practical 
vaccine. The results so far obtained have 
great promise. Peptides with differing 
specificities might even be coupled to a 
single carrier protein to give a multivalent 
vaccine. Problems still remain to be solved, 
however, some applicable to all vaccine 
candidates and others more specific to par- 
ticular vaccines. For foot-and-mouth 
disease, a synthetic vaccine would have to 
compete with existing vaccines which are 
produced by highly developed technology 
and are very efficient and cheap. Nonethe- 
less, existing vaccines have some problems. 
First, safety: a number of outbreaks of 
foot-and-mouth disease have been 
associated with failures of the inactivation 
process. The most recent outbreaks in 
Jersey, and on the Isle of Wight, almost 
certainly derived from such an accident, as 
was shown by careful analysis of the mole- 
cular characteristics of the virus which 
showed striking identity between vaccine 
strains and strains isolated from outbreaks 
(ref.9 and see J. Brooksby News & Views 
293, 431; 1981). Clearly, a synthetic 
peptide overcomes these problems, but in 
truth, safety is not a problem if formalin is 
avoided as an inactivating agent. This 
chemical has well established limitations 
for viral inactivation but when acetyl ethy- 
leneimine is substituted there are no 
problems with inactivation of FMDV. A 
second consideration is effectiveness. 
There are several problems for existing 
vaccines; first, antigenic variability. One of 
the reasons for suspecting that the two 
regions on VPI would be effective 
immunogens was that they vary in amino 
acid sequence from strain to strain. New 
synthetic peptides will be required for each 
strain but the process of cloning and 
sequencing the VPI in order to identify 
new peptides to synthesize should be 
simple. Indeed, a number of new peptides 
might be made ahead of time. Some strains 
grow poorly in cell culture and are poor 
vaccine strains for this reason, whilst 
others are very unstable or are poor Strains 
for less clearly defined reasons. These 
problems may well be solved by the use of 
synthetic peptides. Similarly, all foot-and- 
mouth disease virions are relatively 
unstable, especially at below pH 5.0 and at 
ambient temperatures; again synthetic 
peptides are likely to be superior because 
they are more stable. The existing vaccines 
are effective after a single dose when given 
with an adjuvant, usually absorption to 
aluminium hydroxide and saponin for 
cattle and an oily adjuvant for pigs. So far, 
the vaccines prepared from VPI produced 
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in Escherichia coli have proved less 
effective than existing vaccines. Thus, even 
after two doses, antibody levels are much 
lower than after a single dose of conven- 
tional whole-virus vaccines. Synthetic pep- 
tides are reported by Bittle et al. to be far 
more effective than VP1 but this compari- 
son is a bit unreal for two reasons: first, the 
VPI they used was prepared by SDS treat- 
ment and polyacrylamide gel electro- 
phoresis which is a denaturing step and 


may hide the sites in VP1 reacting with anti-' 


peptide sera or with native virions. Also, 
VPI is a relatively small protein, whereas 
the synthetic peptide was coupled to KLH, 
one of the most immunogenic carrier 
proteins in the immunologist’s repertoire. 
The results of coupling VP1 produced by 
genetic engineering to a similar 
immunogenic carrier would have been a 
more valid comparison. Perhaps the most 
encouraging feature, however, was the 
almost equally good results they obtained 
from a single dose using aluminium 
hydroxide compared with Freunds 
adjuvant. The dose schedule and duration 
of immunity are important aspects of 
' vaccine development. As noted earlier for 
foot-and-mouth disease vaccine, because 
of the difficulty of mustering animals for 
vaccination, protection is required from a 
single dose, but two to three doses may be 
given each year. For many other vaccines a 
two-dose primary schedule can be followed 
by booster doses over a period of years. 
The performance of vaccines based on 
synthetic peptides in these respects will 
need study, but there is no reason to 
suppose they will prove less efficient than 
existing killed vaccines. 

The feasibility and economics of 
synthetic peptide vaccines are difficult to 
judge. The situation for foot-and-mouth 
disease, where there is an existing relatively 
cheap vaccine, is very different from that 
of hepatitis B, for example, where the 
vaccine is very expensive and can be made 
only on a limited scale. Another key factor 
will be the degree of purity of the peptides 
required. Lerner and his colleagues did not 
make any special efforts to purify the pep- 
tides that are produced by the Merriefield 
solid-phase synthesis. Plainly it will be 
essential to establish that the effects are due 
to a peptide truly of the sequence deduced 
from DNA sequencing. The degree of 
purity ultimately required will doubtless 
vary according to the application. It will be 
necessary to have a synthetic process that 
consistently produces the same product — 
no doubt the spur of a practical application 
will lead to improved methods and reduced 
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costs. The size of the peptide to be made 
will be a key factor. Another important 
element requiring more research is the 
carrier. In the present experiments with 
FMDV, KLH was used but it seems certain’ 
to be superseded because of supply 
problems. The addition of a carrier such as 
KLH negates some of the advantages of a 
defined synthetic vaccine and problems of 
hypersensitivity to the carrier may occur 
when repeated injections are necessary. 
Clearly there are alternative carriers, such 
as tetanus toxoid or poly-DL-lysine, and this 
is an important matter for more research. 


~ Similarly, there will be a need for an 


adjuvant. Aluminium hydroxide is a clini- 
cally acceptable adjuvant for man and it is 
encouraging that it worked for FMDV. 
The question of the adjuvant is linked to 
the requirement for a carrier and the best 
combination will need to be reassessed. 
Knowledge about adjuvants is at present a 
dark area of immunology. 

The work of Bittle et al. is a significant 
step along the road to synthetic vaccines. It 
opens up exciting possibilities for vaccine 
development which should be vigorously 
pursued. O 


The internal evolution of Venus 
and the galilean satellites 


JSrom Sean C. Solomon 


THE solid planets and satellites of this Solar 
System display a great diversity of surface 
features. The Moon and Mercury and 
many of the icy satellites of Jupiter and 
Saturn have heavily cratered terrains that 
have been little altered for billions of years. 
Jupiter’s moon Io has been continuously 
resurfaced over periods of millions of years 
by vigorous volcanic eruptions fuelled by 
the dissipation of huge solid-body tides. 
The Earth has a lithosphere underlying the 
ocean basins that is recycled by plate 
tectonics over a period of about 100 million 
years. Despite their differences, all these 
bodies have been shaped by common 
physical processes during their formation 
and subsequent evolution. A continuing 
challenge, made evident by the many new 
results on the internal and surface 
evolution of planets and satellites 
presented at the 13th Lunar and Planetary 
Science Conference’, is to understand how 
these common processes have produced 
the observed diversity of Solar System 
objects. 

Particular interest at the conference was 
focused on Venus and the galilean satellites 
of Jupiter, all objects of recent scrutiny by 
US and Soviet spacecraft. 

Dramatic new results have come from 
Venera 13 and 14 which landed on Venus 
on I and 15 March respectively (V.L. 
Barsukov and Yu. A. Surkov, Vernadsky 
Institute of Geochemistry and Analytical 
Chemistry; and see News and Views 296, 
607; 1982). Most notable are the chemical 
analyses of compositions of Venus soils, 
derived by X-ray fluorescence, that 
indicate similarities to a high-potassium 
alkali basalt at Venera 13 and a terrestrial 
oceanic tholeiite at Venera 14. On Earth 
tholeiites, because they comprise the upper 
igneous crust of all ocean basins, are the 
most common volcanic rock type. 


*The 13th Lunar and Planetary Science Conference was held at 
the Lyndon B Johnson Space Center, Houston, Texas on 15-19 
March 1982 7 


Discovery of such basalts on Venus 
supports the hypothesis that the major- 
element compositions of the two planets 
and their respective mechanisms for the 
formation and eruption of basaltic magma 
are similar. 

Detailed comparisons of Venus and 
Earth with respect to planetary _ 
composition, mechanical properties and 
tectonic evolution were also presented. The 
bulk density of Venus, after correcting for 
the effects of compression, is generally 
estimated to be about one per cent less than 
that of the Earth!. The difference is often 
explained in terms of a slightly different 
composition for the two planets!?. K.A. 
Goettel (Washington University) suggested 
that Venus may have a bulk density at 
standard conditions equal to or greater 
than that of the Earth. Such a result would 
hold if internal temperatures are 
significantly higher for Venus than for 
Earth at comparable depths and if Venus 
has a thicker layer of basaltic crust?. The 
required higher temperatures may occur, 
however, only if Venus has no analogue to 
terrestrial plate recycling *. If Goettel’s 
suggestion is correct, then cosmochemical 
models for inner planet formation will 
require revision. 

There is much debate over whether some 
version of plate tectonics operates on 
Venus. The issue has broad implications 
for our understanding of heat transfer and 
surface evolution on silicate planets. H. 
Spetzler, I.C. Getting (CIRES, University 
of Colorado) and H. Mizutani (University 
of Nagoya) have made a new contribution 
in a theoretical formulation for brittle 
failure in silicate planets based on stress 
corrosion theory and the interaction of 
growing cracks. Including the effects of 
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water on the rate of crack growth, they 
have calculated the effective failure 
strength as a function of depth in each of 
the terrestrial planets. For Venus, 
assuming the partial pressure of H,O in 
near-surface rocks to equal that in the 
lower atmosphere, they calculate a very low 
value of crustal strength (about 10 MPa) 
and conclude that plate subduction on 
Venus would be unlikely. 

This author and J.W. Head (Brown 
University) took. a different view. Venus 
must lose an amount of heat per mass 
roughly comparable to that Known for the 
Earth>. Solid planets and satellites transfer 
internally generated heat to the surface by 
plate recycling, as on Earth®, lithospheric 
conduction, as on the Moon, and hotspot 
volcanism, as on Io. Each has been 
suggested as the dominant mechanism for 
lithospheric heat transfer on Venus®* and 
we argued that none can be ruled out given 
our present knowledge of the venusian 
surface. In particular, plate recycling 
cannot be excluded once it is recognized 
that the characteristics of plate divergence 
and convergence zones on Venus and Earth 
will be different because of the different 
surface temperatures (740K on Venus) and 
surface abundances of water. Whatever the 
dominant mechanism of lithospheric heat 
transfer, however, given a global heat loss 
per mass comparable to that for the Earth, 
we must conclude that most of the large- 
scale topographical features on Venus are 
young compared with the surface ages of 
the smaller terrestrial planets. 

The galilean satellites, because their 
‘surfaces are cold and are composed of 
unusual materials, display landforms and 
surface histories that are difficult to 


understand simply by extrapolation from. 


the known outcomes of processes on the 
terrestrial planets. Europa, for instance, 
has a high-albedo icy surface criss-crossed 
by numerous darker lineations of great 
length and probably of tectonic origin’. 
T.B. McCord (University of Hawaii) and 
colleagues reported on a new spectral unit 
map of Europa derived from Voyager 
multispectral images. At least four 
distinguishable units occur; the darker 
lineations are spectrally similar to other 
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dark units. E. Schonfeld (Johnson Space 
Center) proposed that the brown colour of 
the lineations and the low reflectance ofthe 
satellite at 3-4 um may be due to the 
presence of organic molecules erupted 
from Europa’s interior during episodes of 
aqueous volcanism. Interpreting the 
lineations as lithospheric fractures, P. 
Helfenstein (Brown University) showed 
that they may be the result of tidal stresses, 
although the details of such an explanation 
are considerably more complicated than in 
earlier versions’. 

The galilean satellites Ganymede and 
Callisto are similar in size and bulk density, 
yet their surfaces differ markedly’. Callisto 
displays a surface that has been little 
altered since an era of heavy impact 
bombardment. Ganymede, however, pre- 
serves heavily cratered units but also 
contains younger and more lightly grooved 
terrain, thought to be of extensional 
tectonic origin, suggesting the hypothesis 
that Ganymede has undergone greater 
global expansion than Callisto since the 
period of high impact flux. P.Y. Huang 
(MIT) and this author tested this idea by 
calculating the lithospheric thermal stress 
that would accumulate from global 
thermal evolution, including the effects of 
subsolidus convection and phase changes 
in H,O ice, and concluded that Ganymede 
and Callisto would have had similar stress 
histories if their initial conditions were 
similar. If, however, Ganymede began at 
higher temperatures because of thermal 
gradients in the proto-jovian nebula!', the 
difference in stress histories can account 
for the different surface characteristics. 
New estimates of lithospheric thermal 
gradients versus time in Ganymede and 
Callisto were reported by Q.R. Passey 
(Caltech) and E.M. Shoemaker (US 
Geological Survey) from the distribution 
of viscously relaxed craters of various 
diameters and by W.B. McKinnon 
(University of Arizona) from the widths of 
concentric ring scarps, interpreted as 
graben, in impact basin structures. Both 
studies indicate higher thermal gradients 
on Ganymede than on Callisto in the 
period 3 to 4 billion years ago. 

The detailed tectonics of grooved terrain 
formation on Ganymede continue to 
receive special study. M.T. Zuber (Brown 
University) estimated the displacement 
that has occurred between large units of 
cratered terrain on Ganymede under the 
assumption that concentric arcs of ring 
structures in different units were formed by 
a single event; different locations of the 
centres of curvature for different units 
suggest displacements of up to 40 deg arc. 
M.P. Golombek (Lunar and Planetary 
Institute) derived a limit of one per cent on 
the increase in satellite radius associated 
with extension in the grooved terrain on the 
assumptions that the grooves are graben 
and that the dip angles of the bounding 
normal faults are 60° or greater. This limit 
agrees with that of McKinnon!! based on 
the lack of tectonic disruption of Galileo 





Regio. S.K. Croft (Lunar and Planetary 
Institute) proposed that grooved terrain is 
formed by hydraulic fracturing driven by 
overpressured water during the final 
phases of global freezing following early 
differentiation. 

Many of the icy satellites of Saturn show 
extensional features broadly similar to 
those of Ganymede!*. S.W. Squyres, R.T., 
Reynolds, P. Cassen (Ames Research 
Center) and S.J. Peale (University of 
California, Santa Barbara) drew particular 
attention to Enceladus, which shows 
features similar to the grooves of 
Ganymede and large areas of low crater 
density. Resurfacing of such younger areas 
could occur either by extrusion of fresh 
material or by complete relaxation of 
topography due toa high thermal gradient. 
A new model by D.J. Stevenson (Caltech) 
for magma migration by crack propagation 
through the lithosphere, when applied to 
Enceladus, suggests that volcanism may 
occur by comparatively infrequent 
eruptions of large volumes of H,O-NH, 
fluids, lending support to the volcanic 
resurfacing hypothesis. Squyres and his 
colleagues showed that tidal dissipation is 
an adequate heat source for volcanism on 
Enceladus as long as a forced eccentricity 
several times higher than the current value 
existed continuously or episodically through 
a substantial part of its history. 

As the data from Pioneer, Venera and 
Voyager missions continue to be analysed, 
hypotheses for the evolution of Venus and 
of the outer planet satellites will be refined. 
To test these hypotheses will require new 
spacecraft observations. The US Galileo 
mission to Jupiter will help provide data 
for the jovian satellites, and the Soviet 
Union has announced plans for additional 
landers to be sent to the Venus surface to 
conduct further chemical analyses and 
imaging experiments. A major gap in our 
knowledge of Venus, however, is a global 
map of the surface at sufficiently fine 
resolution to distinguish among the 
proposed hypotheses for the tectonic 
evolution of the planet. While the 
proposed Venus Orbital Imaging Radar 
mission has fallen victim to reductions in 
the NASA planetary programme budget, a 
less ambitious and less costly Venus radar 
mapping mission is currently being 
considered to fill this gap. Completion of 
such a mission would provide a major step 
towards a full understanding of the 


evolution of Earth-like planets. - 


Corrigendum 
In the News and Views article on ‘Cause and 
treatment of atherosclerosis’ by C.T. Dollery 
(Nature 297, 286; 1982), the sentence ‘‘C.T. 
Dollery (Royal Postgraduate Medical School, 
London) described a new method for 


measuring plasma 6-oxo-PGF, the hydrolysis 
product of PGI,, which uses gas chroma- 
tography—negative ion chemical ionization 
mass spectrometry and has a sensitivity limit 
of 500 pg mi!” should read ‘*. . . a sensitivity 
limit of 500 cg mbi”, 
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The Middle Awash Valley, Afar, Ethiopia, contains a sedimentary sequence that is > 1km thick, spans much of the 
Neogene, and contains vertebrate fossils throughout . Newly defined formations described here are older and younger 
than the hominid-bearing Hadar Formation. The Awash deposystem reflects deposition in an evolving triple junction. 





THE Awash River Valley in the Afar Depression (Fig. 1) is 
unique for containing a ‘triple junction river’’, and, as reported 
here, a sedimentary record >1km thick (Fig. 2) that spans 
much of the Neogene history of the region, including the final 
breakup of Afro-Arabia. Fossil remains occur throughout the 
sequence, including those of early hominids. Either hominid 
fossils or artefacts occur throughout >0.5 km of strata, from 
the lower Pliocene levels at Hadar” to Pleistocene strata at 
Bodo** and Andalee’ (Fig. 2). 

This report is based on six seasons of fieldwork with interven- 
ing studies by the Rift Valley Research Mission in Ethiopia'?° 
(RVRME), under the direction of one of us (J.K.), from early 
1975 to mid-1978. Geological investigations are reported 
below. The accompanying article’? will report palaeontological 
and archaeological findings as well as the age of the deposits. 

The area studied lies between volcanic plateaus within the 
Middle Awash Valley (delimited at Awash Station and Ten- 
daho) between Gewani village and Hadar (Fig. 1}. Previous 
geological work in the area is limited to preliminary geological 
mapping along the SE margin of the area, observations near 
Gewani'’, studies at Hadar’’** and photogeology'?!*"°, 

The area studied by the RVRME extends from Gewani to 
10°57'N (Fig. 3). The area was geologically mapped from 
1:60,000 air photos. This includes the area north to Hadar 
(from studies by J.K. and D.P. in 1972-73 and traverses by 
J.K. and A.M, in 1975-76). Extensive base map preparation 
(aided by H. Mosca and W. Singleton) preceded field surveys. 
Some 120 geological profiles taken in the map area are referred 
to in Figs 4 and 5 and in the text by profile numbers (P.1,2,3, 
and so on); elevations are estimated from published sources”, 
Geographical names are from Afar inhabitants (those in quota- 
tion marks are provisional). 

The map area (Fig. 3a, b) lies within a northeastward-drained 
trough bounded to the west by the Ethiopian Escarpment made 
up largely of the Miocene ‘Fursa basalts’'*, and to the east by 
a basalt plateau comprised of the Pliocene ‘Upper’ Afar Stratoid 
Series™? (UASS). The south-central area (Fig. 3a) is capped 
by basalts of the ‘Lower’ Afar Stratoid Series (LASS). This 
central area is complexly faulted and referred to as the Central 
Awash Complex (CAC) (Fig. 3a): it contains the ‘Hatowie 
Graben’, bounded by the ‘West Hatowie Horst’ (WHH) and 
the ‘East Hatowie Horst’ (EHH). 

The map area forms a northward-dipping structure (due to 
greater subsidence towards the triple junction) with margins 


blockfaulted towards the central part of the basin and to the 


north: older strata crop out to the south along basin margins 
and the CAC (Figs 3, 5). Dips are greatest at basin and graben 
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margins (or zones of maximum uplift), generally in older strata, 
and are least pronounced in Pleistocene deposits. Fault trends 
generally conform to the NW-SE Ethiopian (East African) Rift 
trend (Fig. 1). Closer inspection reveals the NW trend becomes 
generally more westerly to the north, and the NE trend more 
easterly to the south (Figs 3a, b), a reflection of the rotational 
movements of the Arabian and East African plates (see refs 
ak, 22): 

Typical badland topography in the area forms exposures up 
to 20-40 m along basin margins to the south, up to 15-20 m 
on the EHH, and 90-100 m to the north, where strata are 
deeply incised by the Awash River. 


Stratigraphy (Awash Group) 


Stratigraphical studies to date are contained in reports to the 
Ethiopian Government, in regional, site or faunal descrip- 
tions'*, or will shortly appear in monographic form”. Below 
we summarize the studies and provide the first regional strati- 
graphical framework for the Middle Awash, aş well as briefly 
describe individual stratigraphical units. [For reference, the 
Mio-Phocene boundary is established at 5 Myr (ref. 24), 
the Plio-Pleistocene boundary at about 1.6 Myr (ref, 25) and 
the middle Pleistocene boundaries at about 700,000 yr and 
125,000 yr (ref. 26).] 

The Awash Group is defined here as all late Cenozoic con- 
tinental sedimentary strata within the catchment of the Awash 
River. As described below, its known thickness is >1 km thick, 
and includes the late Miocene Chorora Formation?” on the SW 
Hararghe Escarpment (Fig. 1) and the Pliocene Hadar Forma- 
tion’, and the presently-described Adu-Asa, Sagantole, 
Matabaietu and Wehaietu Formations (Fig. 2). 


Adu-Asa Formation: Estimated to be late Miocene to early 
Pliocene*'°, with a minimum thickness of 145 m; it is best 
exposed in the SW map area (Fig. 3a), between 725 and 825 m 
a.s.l, (above sea level), and in the CAC from ~640-660 m a.s.l. 
Adu refers to Adu Dora (white place stream); Asa refers to 
Asa Koma (red hill). Units comprising the formation (from 
bottom to top) are the Adu, Asa,and Kuseralee Member$ 
(Fig. 2). 

Adu Member: At least 40 m of strata either in fault contact or 
unconformable with the ‘Fursa basalts”? (P.2,3). The lower 
unit, especially prominent at upper Ananu and Adu Dora N. 
(P.3,4), consists of up to 30m of variegated, predominantly 
pinkish clays and silts with some variable, cross-bedded sands 
(up to 2.5m) and yellow-green clays. The upper unit consists 
of 12m or more of massive diatomites (up to 2-3 m), white, 
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Fig. 1 Study area location map. 


indurated clay with some fish bones, reddish-brown clay, and 
some grey, laminated tuffs. 


Asa Member: At least 75 m of strata overlying the Adu Mem- 
ber. The base of the lower unit is marked by either an erosional 
surface containing distorted bedding and gravel lenses (P.4,6) 
and/or prominent tuffs. At Asa Hill (P.5), this unit consists of 
up to 33m of waterlain well-stratified tuffs (1-3.5 m thick), 
reddish-brown clays, some coarser layers and minor diatomite 
lenses. At Adu Dora N. (P.7), the upper unit consists of 30—40 m 
of predominantly reddish-brown clay, with discontinuous sand 
(up to 1.2 m), silt and thin tuff layers. Elsewhere, this unit may 
be overlain by (LASS?) basalts or unconformable alluvium. 
Fossiliferous strata that may be equivalent to this member exist 
at Saitune Dora (Fig. 3a). 


Kuseralee Member: Up to 30 m of strata beneath the LASS 
basalts, especially at Kuseralee and elsewhere along the margins 
of the Hatowie Graben (Fig. 3a). The stratigraphical position 
of this unit to the Asa Member is based on its downfaulted 
lower altitudinal, central position in the basin (P.9,13) and by 
its more derived fauna. Between Kuseralee and Koba-ah 
Streams (P.12,13) are up to 30m of mauve to pinkish tan, 
sometimes grey, clays with some silts and channel sands and 
sandstones (up to 3.5 m). Clays form a baked contact zone 
subjacent to the basalts. Equivalent strata may occur in the 


eastern Awash between Asaberi and As Streams (Fig. 3a), 
beneath thick (LASS?) basalts (P.61). 


Sagantole Formation: Estimated to be early Pliocene®”°, with 
a thickness of 210-226 m (Fig. 2) overlying the LASS basalts. 
Best exposed in the eastern CAC between 757 and 660 m a.s.l. 
(Fig. 3a, 5). We divide this formation into the Haradaso and 
Aramis Members and two informal units, the Beearyada and 
Kalaloo beds (Fig. 2). 


Haradaso Member: From 71 to 76m. The lowest strata pre- 
served on the LASS basalts may be in down-faulted structures 
on the EHH at Haradaso (P.14) and elsewhere. Here are 
10-15 m of predominantly reddish-brown and grey clays, with 
some silts, sands and vertebrate remains’. The main unit is in 
depositional (locally conformable?) or fault contact with the 
eastern CAC basalt margin and extends 1-2km eastward 
between Aramis and Sagantole S. Streams (P.16,17). Here up 
to 61 m of strata consist of four sand and clay units. Sands are 
2.5-6.5 m thick, dominantly fine- to medium-prained, may be 
laminated or contain coarser lenses, but are commonly 
homogeneous and interdigitated with tan, reddish-brown or 
grey clays, silt and shale (with fish remains). At mid-sequence, 
a lignitic or carbonaceous shale (5—10 m) (P.16,17) exists within 
a prey (partly tuffaceous?) clay. Upper sands are brown, contain 
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coarser layers, and are associated with brown clays and silts. 
Equivalent strata in the eastern Awash may exist between 
Sibabi and Asaberi (P.62,64) overlying (LASS?) basalts, and 
at lower Wee-ee (P.65). 


Aramis Member: At least 50 m of strata unconformable or in 


fault contact (?) with the Haradaso Member (P.18,20). This 
unit is distinguished by the first major appearance of tuff, which 
occurs throughout this (and overlying) units. At Sagantole S. 


are at least 50 m of: (1) tan silts (12.5 m) with siltstones and 


tuffs (up to 1.75 m); (2) tan, orangish silt (24 m) with sand and 
tuff layers—-upward becomes increasingly sandy (up-to 88'm) 
with gravel lenses; (3) light tan silt (11 m) with sandstone lenses. 


Equivalent beds in the eastern Awash may exist at lower Wee- 














Beearyada beds: Thickness ~75-85m (exact values are 
unknown owing to faulting). Between Aramis S. and Sagantole 
N. (P.20,23), these beds conformably overlie the Aramis Mem- 
ber and consist of: (1) well-bedded yellow tufts (4m+)(P.20); 
(2) pinkish to tan silts with grey, well-stratified, laterally con- 
tinous tuffs (2 cm-1.5 m), and some sand, sandstone and clay 
(30-40 m); (3) at Beearyada, tan silt and sand below and 
coarsening upward sand and conglomerate above (11.5 m); (4) 
repeat of (2) above (5.3 m); (5) brown clay, silt and some sands, 


_ tuff and brown mudstone (15-18 m). These beds are capped. dt 


by laterally continuous, gastropod limestone layers ( 





Strata possibly equivalent to the upper part of this unit in t e 7 pi 
eastern Awash lie below a widespread gastropod limestone 
between Kalaloo and Bodo Streams nearest the basalt 
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Fig. 2 Stratigraphy of the Awash Group. 
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Fig. 3 a, Geological map of the 
Central Middle Awash Valley 
{southern sector). 6, Geological 
map of the Central Middle Awash 
Valley (northern sector). 


Geological map of the Middle 
Awash Valley, Afar, Ethiopia 


Fae A Ade 
y. HCAS 





mH oper Afar 
Godta Kema Mor 
Bosal Mbr 






Lower SE 





Lower Pliocene- Bade g am Lower Aigre 

Upper Miocene Baa? gf ees eben ii g shaina perits 
eee PRR Adu & Aso Mors foc basalts onmi 

tipper Mincene “ght 3 a undiff beds ur Middie 
mA mim: rien HNL othe tp rm att (etn may mumamraare rare a mene reared ranama ratte 

Upper ~ Mickie wm Fursa Basats” 

Miocene E 8 Afar strateid 





series undiTi 


Kalaloo beds: A minimum of 14-15 m of strata. Overlying the 
gastropod limestone (P.24-26)/between Kalaloo and Bodo 
Streams, the base is marked by a widely traceable coarse or 
lapilli tuff (10-35 cm), followed by a variable sequence of tan 
silts with siltstone, sand, and microconglomerate lenses, with 
grey and brown clay upwards. Several tan, silty tuff layers (0.5 m 
to 3.5m in a channel at mid-sequence) are present. Some 
disconformable strata may exist in the upper portion. 


Hadar Formation: Predominantly middle Pliocene'®”*”’, and 


up to 270 m thick, this unit crops out well north of the Sagantole 
Formation (Fig. 35), and, because of regional subsidence, at 
lower elevations (P.40,48). If physical correlation is possible 
betweeen the Hadar and Sagantole Formations, it would prob- 
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ably require tracing the Kada Damoumou basalt*’ (P.46) to 
basalts further south that intercalate the Sagantole Formation. 
The Kada Damoumou basalt seems to correlate with basalt to 
the SE; correlation further south is complicated by erosion of 
overlying beds, and intervening faults and younger beds. Basalt 
in a stream-bed ~5 km SW of the Ounda Meshellu-Awash 
confluence appears to lie at the base of the Hadar Formation 
(P.40) (Fig. 2). 


Upper Hadar Formation (UHF) beds, undifferentiated: At least 
50 m thick, these beds crop out north of Hadar in the drainages 
of Ledi, Geraru and Weranso Streams and the Mile River’ ee 
These beds, first surveyed in 1971-74 by three of us (J.K., 
D.P., E.O.), and in part by Taieb’*’*’, occur downdip to 
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or are downfaulted in relation to the Hadar Formation (P.48). 
They are broadly similar to the described strata in the upper 
Hadar Formation, but contain fauna associated with younger 
units’. i 


Matabaietu Formation: Late Pliocene’, at least 52-57 m thick 
(Fig. 2), and best exposed in the eastern Awash (Fig. 3a). In 
fault contact or unconformable with the Sagantole Formation 
(P.70,73). At Matabaietu, the lower unit consists of 34-39 m 
of up to three variable, discontinuous, cyclic units of clay, sand 
and tuff deposition. At the base are predominantly reddish- 
brown clays (23-28 m thick), with some mottled darker clay. 
Sands (up to 2 m) are irregularly bedded, calcareous and contain 
gravel lenses, cross-beds and plant casts. Tuffs are up to 2.5 m, 
sandy or silty, reworked, well-weathered and contain gravels, 
piant casts and limestone concretions. The upper tuff, from 
which an Oldowan chopper was recovered", is referred to as 
the ‘chopper tuff’ . The upper unit (14 m) outcrops west and 
updip from the chopper tuff, which it appears directly to overlie, 
although a fault contact is possible. Strata consist of: tan and 
grey clays (12 m) with small concretions and plant casts: argil- 
laceous tuffs with plant casts; and some microconglomerate 
lenses. The unit is capped by up to 4m of (unconformable?) 
pebble conglomerate and minor brownish-grey clay. Similar 
Strata exist in the uppermost levels of Hadar and in the UHF 
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beds. Based on faunal considerations, the upper UHF beds may 
be of similar age’®. 


Bikirmali beds: Up to 30-40m or more of poorly-sorted 
tuffaceous alluvium truncate the Asa Member at Bikirmali Hill 
(P.6) (Fig. 2a) and elsewhere. The stratigraphical position of 
these beds is uncertain; however, a late Pliocene age is inferred 
by fragmentary vertebrate remains (Hexaprotodon, progressive 
Elephas recki)”. Basic basalts (7-8 m) cap the sequence. 


Lower Pleistocene (?) Awash conglomerate: It may be that 
only minor deposits document the period between the 
Matabaietu Formation and the Bodo Member (Wehaietu For- 
mation). Their faunas clearly show the age difference between 
these two units’. Missing strata may be explained by faulting, 
and in part by erosional episode at the end of Matabaietu 
deposition, which may possibly be recorded by uppermost con- 
glomerates at Matabaietu and Bodo; north of Hadar, conglom- 
erates cap the UHF beds at various localities, perhaps the most 
prominent being at As Hill, 15 km NW of Hadar. Here massive 
(4-6 m thick), resistant conglomerates, some 35-45 m above 
the surrounding plain, truncate the UHF beds, 


Lower (?) to Middle Pleistocene beds, undifferentiated: At 
Wilti Dora, a 3-4.m waterlain tuff overlies the Matabaietu 
Formation unconformably and is downthrown to the west by 
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a normal fault. This tuff contains some fossils, including: Kol- 
pochoerus sp., hypsodont Hippopotamus sp. and E. cf. recki, 
and the first appearance of Equus in the Awash Group. West 
of and apparently overlying the ‘Equus tuff’ are >14m of 
largely unfossiliferous brown clays, with some conglomerate 
layers that extend southward and may be the same as sediments 
(estimated at 20-30 m thick) west of the conglomerates capping 
the Matabaietu Formation at Matabaietu. At Bodo, as at Wilti 
Dora, a thick tuff (Equus tuff?) appears to overlie the 
Matabaietu Formation unconformably and is offset by faults. 
Fossils from this tuff are Equus and a large Theropithecus 
(similar to a robust form from the Bodo Member) (C. Jolly, 
personal communication). 


Wehaietu Formation: Early (2) to late Pleistocene’, with an 
estimated thickness of 200-250 m. Exposed throughout the 
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Fig. 4 Geological profile index map. 






map area (Fig. 3a,6), between 500-650m asl. (Fig. 5). 
Wehaietu is a name in the Afar language used interchangeably 
for the Awash River. This formation is divided into (from 
bottom to top): the Bodo, Meadura, and Dakanihyalo Mem- 
bers, the MPA Gravels, the Andalee Member, and the informal 
Halibee beds (Fig. 2). The MPA gravels divide the formation 
into two readily distinguishable larger units, the lower and 
upper Wehaietu Formation. 


Bodo Member: At least 16-19 m of strata between the Bodo 
and ‘Koba-ah’ Streams (Fig. 3a, b). The base of the member, 
as presently defined, consists of the previously-described Upper 
Bodo Sand Unit* (UBSU) (P.28) that unconformably overlies 
thick, reddish-brown clays (Matabaietu Formation). Acheulian 
artefacts and fossils, including an archaic Homo cranium’, are 
abundant throughout the lower half of the unit’. North of 
Bodo, the USBU is overlain by brown clays containing (barring 
any intervening faults) tuff lenses that wedge out to the west. 


Meadura Member: A minimum of 45-50 m of strata between 
Hargufia and Meadura Streams (Fig. 36). These strata have 
not been correlated directly with the Bodo Member because 
of intervening alluvium; however, because of lithological 
differences, the northward regional dip (almost certainly placing 
the Meadura beds higher stratigraphically) and faunal distinc- 
tions’’, these strata are treated as a separate unit. At Meadura, 
the lowermost strata may be those to the far east, altitudinally 
higher than the main (downfaulted?) outcrop areas to the west, 
in marginal grabens, and in adjacent areas to the south. To the 
west, a minimum of 35m strata lie unconformably against 
basalts, or are downfaulted. Lithologies exhibit considerable 
lateral facies variation and are dominantly brown (sometimes 
mottled grey) and tan clays, tuffaceous silts and tuffs (0.6-1 m); 
fine- to coarse-grained sands (1-4.6 m) with gravel lenses; and 
poorly-sorted sandstone conglomerates (0.7-1.4 m). Tuffaceous 
deposits are concentrated in the upper sequence, as is abundant 
calcium carbonate material. The latter includes spheroidal 
stromatolite boulders (up to 1.5 m in diameter) with laminations 
and micro-structure similar to bacterial stromatolites (R. L. 
Folk, personal communication); these can be traced southwards 
to Hargufia*. Strata are broadly similar at Hargufia but may 
extend lower stratigraphically (P.29,30). 


Middle Pleistocene beds, undifferentiated: Estimated 25-35 m 
of strata. At Buyelle (P.31), the Meadura Member is overlain 
by at least 15 m of predominantly orangish-brown, fine-grained 
sediments that abut basalts (Fig. 3b). Between ‘Alkanasa’ (P.33) 
and ‘Subalealo’ (P.35) are a minimum of 10-15m_ pre- 
dominantly sandy sediments with tuff layers. Thick, well- 
bedded tuffs, tan silts and clays occur at the base of the Subalealo 
sequence; to the north, these beds appear truncated by the 
MPA Gravels; immediately south, they may be overlain uncon- 
formably by the upper Wehaietu Formation (?), Fauna from 
Subalealo is consistent with that in the Meadura Member. In 
the Hadar area, terraces wedged between the Hadar Formation 
and the MPA Gravels, bearing Acheulian tools’??? (P.46a), 
may be assigned to the lower Wehaietu Formation. 


Dakanihyalo Member: At least 15-20 m of strata that occupy 
the SE portion of the WHH (Fig. 3a). The higher stratigraphical 
position of this unit relative to the Meadura Member is inferred 
by its central and generally lower altitudinal position (P.56,57) 
in the Awash basin, and its associated fauna’. At Dakanihyalo 
and to the west, sediments are commonly buff and reddish- 
brown discontinous beds dominated by medium to very coarse, 
cross-bedded sandstones (locally up to 5 m thick), and pebble 
conglomerates, with silt and clay interbeds. 


Middle Pleistocene Awash Gravels: 1-4 m thick, these gravels 
are ubiquitous in the Middle Awash”’ (Figs 2, 3a, b) truncating 
the lower Wehaietu Formation or older units. They are named 
the MPA Gravels to distinguish them from late Pleistocene and 
Holocene gravels” as well as from older gravels. Their relation- 
ship to surrounding units is best seen between Ounda Meshellu 


and ‘Barre’ Streams (Fig. 3b). 
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Fig.5 Composite geological profiles of the Middle Awash Valley. 


Andalee Member: Estimated to be a minimum of 55-60 m 
thick. In the northern map area (Fig. 3b), these strata appear 
to onlap progressively the northward-dipping MPA Gravels, 
forming an unconformable wedge that thickens to the north 
(and in the central part of the basin). At Andalee, a preliminary 
assessment of the local geology has been made*. The lower 
sequence rests on the MPA Gravels (P.37) and consists of 6-8 m 
of sand, silt and clay interbeds with calcified concretions, micro- 


conglomerate lenses, and a rich concentration of very small- 
to medium-sized vertebrates, associated with a Sangoan-like 
tool industry**°. The upper sequence is >34 m thick and con- 
sists of massive brown clay and silt with cross-bedded sands 
and gravel lenses. n ae 

At Issie, in beds that appear to lie just below the basal tuff 
(?) of the Halibee beds, is another locality rich in very small- 
to medium-sized vertebrates associated with a diverse tool 
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industry™’°. These are contained within 2-3 m of tan loosely- 
consolidated silts and clays with minor sands. 


Halibee beds: Estimated to be up to 35-45 m of strata conform- 
able with the Andalee Member (P.34), as best observed between 
Kada Halibee Stream and the Talalak River (Fig. 3b). These 
beds are undifferentiated and informally defined. Generally, at 
the base seems to be a widely traceable tuff layer, overlain by 
predominantly light-coloured, fine-grained, loosely-consohi- 
dated sediments containing some tuffs and darker clay, sand 
and gravel layers. 


Halalalee bed: Mantling the Halalalee plain (Fig. 35), at the 
top of the Halibee beds, is 1-2 m of unconformable, dark-brown 
and grey clayey layer that may be a palaeosol. Only remnant 
patches of this bed occur in the western Awash, overlaying the 
upper Halibee beds. 


Holocene beds: Deposits that postdate the Halibee beds, and 
contain late Stone Age artefacts'° and vertebrate remains, occur 
throughout the Middle Awash (Fig. 3a, b) at progressively lower 
altitudes, between ~645 and 490 m a.s.l. At Nemay Koma, in 
the uppermost catchment of Kada Meshellu Stream (Fig. 3b) 
(P.36), between. ~630 and 645m a.s.l., are at least several 
metres of predominantly tan fine-grained sediments unconfor- 
mably overlying Pliocene basalt and strata. Along the SE margin 
of the map area near Gewani (Fig. 3a) are 4~8 m of deposits 
that represent a lake terrace at least 575 m a.s.l. These deposits 
are diatomaceous and rich in calcium carbonate and 
stromatolitic material'*. At Mero Buri, south of Hafya Lake 
some 14-16 km, are 3-4 m of light-brown silts and sands occurr- 
ing several metres above the modern Awash floodplain. 


Palaeoenvironments 


The base of the late Miocene Adu-Asa Formation is marked 
by fluvio-lacustrine deposition in the lower Adu Member. Mass- 
ive diatomite formation in the upper Adu Member indicates 
distinct lake development. The end of the Adu period is marked 
by erosion (localized?) and an abrupt onset of massive tuff 
deposition in the Asa Member, probably associated with wide- 
spread volcanic (and hydrothermal) activity, regional sub- 
sidence and an eastward migration of lacustrine deposition. 
This period may have coincided with or slightly preceded one 
of widespread tectonism and renewed spreading in the southern 
Red Sea in the late Miocene”. 

The thickness and stratification of the tuffs in the Asa Member 
combined with minimal diatomite formation and fluvial layers, 
indicate that the Adu-Asa lake environment probably entered 
a period of instability, decreasing depth and increasing fluvial 
influences. The upper Asa Member suggests a return to alluvial 
conditions and a tapering off of volcanic activity. The Kuseralee 
Member indicates predominantly fluvial deposition, this was 
interrupted, and the Adu-Asa Formation sealed, by massive 
extrusion of LASS basalt lavas during the latest Miocene to 
earliest Pliocene’®. 

Strata comprising the bulk of the Haradaso Member suggest 
a dominantly progradational depositional pattern (lake margin, 
marsh, stream) that may reflect adjustments to regional sub- 
sidence. The Aramis Member and Beearyada beds appear 
dominated by shallow and marginal lacustrine environments, 
with episodes of fluvial and fluvio-deltaic deposition, the 
Kalaloo beds indicate predominantly lake margin and alluvial 
deposition. Tuffs throughout these units indicate continuous 
volcanic activity, as do intercalated UASS basalts. 

The Hadar Formation generally refiects a northeastwards 
migration of the Awash deposystem during the Pliocene, indi- 
cated by a pattern of basin expansion at Hadar during the 
middle Pliocene, and progradation in the late Pliocene (cf. ref. 
28). This accompanied the well-documented period of extensive 
graben development and subsidence in the central Afar during 
the Pliocene (see refs 21, 22). 
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The predominantly fluvial deposits in the upper Hadar For- 
mation also appear dominant in the UHF beds and the 
Matabaietu Formation (and the Bikirmali beds) and point to a 
prolonged period of alluviation and some downcutting in the 
late Pliocene, accompanying a change in base level, tectono- 
volcanic activity, an eastward migration of lacustrine deposition 
(especially evident at Geraru’*) and generally drier conditions. 
This period may have been followed by a major episode of 
clastic deposition and erosion in the early Pleistocene. 

It is clear that by the time of deposition of the lower Wehaietu 
Formation in the early (?) to middle Pleistocene, the Middle 
Awash had undergone major structural and geomorphic 
changes with deposition concentrated at distinctly lower eleva- 
tions and further north. Whereas the fluvial deposits at Bodo” 
and the Acheulian tool-bearing terraces at Hadar indicate 
alluviation and downcutting, the calcium carbonate-rich 
deposits and stromatolites stretching from Hargufia to Meadura 
indicate a period of widespread transgressive lacustrine deposi- 
tion. The texture of the stromatolites suggests bacterial growth 
enhanced by geothermal waters (see, for example, ref. 36); 
their spheroidal shape suggests a lacustrine setting similar to 
that described for stromatolites near Lake Turkana”. Strata 
overlying the Buyelle~Alkanasa beds, including the 
Dakanihyalo Member, suggest predominatly fluvial deposition. 
Associated tuffs throughout the lower Wehaietu Formation 
indicate continued volcanic activity, probably from silicic 
centres near Gewani’’”° and elsewhere; likewise, faults and 
tilted strata indicate tectonic activity. 

The MPA Gravels indicate major peneplanation and exten- 
sive downcutting during an apparently prolonged and major 
dry period, probably during the late-middle Pleistocene**. At 
this time, strata were heavily eroded, and an extensive, north- 
ward-sloping pediment was created, such that the upper 
Wehaietu Formation onlapped the MPA Gravels from north 
to south. The lower Andalee Member (and its associated fauna) 
suggests deposition initially occurred in a sub-arid environment 
much like the modern Awash Valley’. Following deposition of 
the Halibee beds and continued tectono-volcanic activity, the 
Awash was again subjected to regional downcutting. This began 
apparently at the end of the Pleistocene and continued during 
successive dry periods during the Holocene (compare with refs 
33, 34, 38). Intervening wetter periods seem to be indicated by 
(lacustrine?) deposits at Nemay Koma and near Gewani. Those 
near Gewani are equivalent in age to transgressive lake deposits 
described in the central Afar’***. An early Holocene lake in 
the Gewani area would extend possibly over much of the 
depressed area extending from Sibabi to the basalt plateau 
44 km to the south (Fig. 3a). 

The palaeogeography of the Middle Awash indicates a 
deposystem that has continuously migrated towards lower and 
more northeasterly positions from the late Miocene to the 
present. Basin development was in concert with subsidence and 
rotation of host structures controlled by crustal attentuation 
and plate movements in the triple junction. This interaction of 
deposition with tectonics is reflected in the movement of lake 
basins to the NE, as well as by major changes in base level that 
amplified the effects of erosion and downcutting during dry 
periods. 
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A review of fossil mammalian faunas from the Middle Awash indicates they span most of the later Neogene and 
document evolutionary change in several mammalian groups, especially Primates, Proboscidea and Artiodactyla. 
Oldowan artefacts first appear in the late Pliocene, while Acheulian and later industries and apparent occupation sites 
occur in Pleistocene beds. 


INVESTIGATION of the Middle Awash deposits by the Rift 
Valley Research Mission in Ethiopia’? (RVRME) resulted in 
the documentation of 333 fossil localities and hundreds of 
archaeological occurrences. Fossil and artefact localities were 
plotted on air photographs (1 : 60,000) and/or site maps 
(1 : 6,000) and in stratigraphical sections that permitted them 
to be precisely located geographically and inserted in the 
regional geological sequence. Detailed locality. maps and 
reports were submitted to the Ethiopian Government“, 
Approximately 2,500 fossils were collected and studied in 
the Ethiopian National Museum and the Paleobiology Research 
Laboratory at Addis Ababa University. Only limited samples 
of artefacts were recovered. Fossils and artefacts are stored in 
the Ethiopian National Museum. Many additional fossil speci- 
mens, especially skulls of large ungulates that were too bulky 
to be collected with the resources at hand, were left in situ (and 
often photographed) for future collection. When added to the 





previously described data from the Hadar Formation, these 
collections provide a biostratigraphical sequence that docu- 
ments long stretches of the evolutionary history of the Middle 
Awash fauna since the late Miocene. 


Fauna and biostratigraphy 

Mammalian taxa identified in the collections are systematically 
listed in Table 1 and are designated according to stratigraphical 
unit. Table 2 provides the distribution of major taxa according 
to the order of their first appearance in the regional sequence, 
inclusive of taxa from the Chorora® and Hadar Formations“, 
Most work has been carried out on the primates, Proboscidea 
and Artiodactyla. Previous accounts of the various vertebrate 
taxa are contained in reports to the Ethiopian Government*™*, 
regional summaries’, site reports”’°, and studies of individual 
taxa'™™, More detailed treatment will be reported elsewhere’. 
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Table 1 Systematic faunal list, Awash Group (newly described units only) 


Mammalia 
Chiroptera indet. (As) 


Primates 
Cercopithecidae 


Cercopitnecuz cf aethiops (An, Ani) 
ithecus sp. (‘Ha’, Me) 
Papio (y Dinopithean cf. ingens) (MA) 


Papio cf. ham 


o) 

Theropithecus oswaldi (‘Ka’, MA, Bo, An) 
Parapapio sp. (Ka) 

Papionini indet. (small) (Ku, Ha) 
Colobus cf. guereza (An, Anı) 
cf. Paracolobus chemerony (As, Ku) 
Paracolobys chemeroni (MA) - 
Colobinae indet. (cf. Libypithecus) (Ku) 
Colobinae indet. 

Homunidae 

Homo sapiens cf, rhodesiensis (Bo) 


Rodentia 
Muridae 
Murinae indet. (An, Ani) 
Cricetidae 
Gerbillinae indet. (An) 
cf. Dendromurinae (An) 
Thryonomyidae indet (Bo) 
cf nomys sp. (An) 
Hystricidae 
cf. Hystrix sp. (MA, An) 
N indet (As, Ku, ‘Ha’, MA, Bo, Me, An, Ani) 


Carnivora 

Canidae 

gen. et sp. indet. (An) 
Mustelidae 

Lutrmae indet. (An) 
Felidae 

Megantereon sp. (MA) 

sp. (MA) 

gen. et sp. indet. (Ku) 
Hyaenidae 

Crocutą crocuta ultra (MA) 

Crocuta sp. (An) 

gen et sp. indet (‘As’) 
Carnivora indet (Ku, Ha, Bo, An) 


Proboscidea 
Gomphotheriidae 
Anancus sp. (Ad, As, Ku, Ha, Ar/Be, Be, Ka) 
Elephantidae 
Stegotetrabelodon cf. orbus (As) ` 
‘S on schneider’ (Ad) - 
e . gomphotheroides (AA) 
af. Mammuthus ubplanifrons (Ku) 
Mammuthus subplanifrons (Ar/Be) 
Loxodonta adaurora (Ar/Be) 


Elephas cf. ekorensis (Be, Ka) 
Elephas recki (MA, Et, Bo, Me, Da, An) 


Deinothertoldea - 
Deinotheriidae 
Deinothenum bozası (SA, MA). 2 
Deinotherium sp. (small) (As, ku) 


Perissodactyla 
Equidae 


Hipparion cf. igenium (As) 
rion cf, narena MA) 
Hi on sp. : Bo, An) 
uus cf. numidicus (Et) 
uus sp. (Bo, Da, An) 
nocerotidae 


. Amy Bo, ‘Me’) 
gen. et sp. ndet (AA, SA, Bo, Me, Ani) 
la: 


Suidae 
Phacochoerus aethiopicus (Me, An, Anı) 


Kolpochoerus sp ‘A’ (Ad, As) 
Kolpochoerus sp. ‘B’ (cf. K. ‘mayus’) (Bo, An) 


o oerus olduvaie a 
o oerus afarensis (Ar/Be, MA), 
olpochoerus limnetes (MA, Bo, ‘Me’) 


e oerus ackso 


(MA) 

Nyanzachoerus kanamensis (Ku, SA) 
Nyanzachoerus aegeri (Ar/Be, Be) 

oerus oF Fister (Ad, As) ` 

Hippopotamidae i 

Hi tamus sp. (MA, Et, Me, Da) 
Hı otamus cf. gor (Bo) 
Hexaprotodon cf. harvardi (AA, SA) 


Hexaprotodon sp (smal!) (MA) 
Girafiidas 


Giraffa cf. pygmaea (MA) 
Giraffa cf. jumae (An) 
Giraffa sp. 


Silvatherrum maurusium (As, ‘Ha’, Ar/Be, MA) 
gen. et sp indet. (Ku) - 
Bovidae 
cf Ugandax gautien (Ku) 
cf. alnroris sp (Bo, An) 
Bovinı indet. (small) (An) 
Bovini indet. (large) (Me, Da, Ani) 
Mio rus sp. (As) 
. Mesembriportax acrae (Ku) 
Boselaphin det (AA, Be) 
Caprini (‘Me’) 
Tragelaphus sp. (Lothagam type) (As, Ku) 
Tragelaphus sp. (‘pre-nakuae’) (Ku, Ha, ‘Ka') 
Tragelaphus cf nukuae (MA) 
ragelaphus cf. scriptus (An, Ani) 
elaphus sp (large) (Da, An) 
nca sp. (Me, An, Anı) 
Kobys cf, subdolos (As) 
Kobus sp. (MA) 
us (Bo) 


Kobus cf. e 

cf. Kobys leche 

Reduncini indet (AA, MA, Ani) 
Hippotragini indet. (Ku, Ar/Be) : g 
A ros sp. (MA) : 
Aepyceros oe melampus a 
Alcelaphus cf. us (Bo 
Coauochastes sp. De) 

Alcelaphini indet. (Ku, Ar/Be, MA, An) 
Gazella sp. (Ar) 

cf Gazella (Ku, MA, ‘Me’) 


Formations: AA, Adu-Asa (inclusive), SA, Sagantole (inclusive); MA, Matabaietu. Sub-units. Ad, Adu; As, Asa, Ku, Kuseralee; Ha, Haradaso; Ar, Aramis; Be, 
Beearyada beds; Ka, Kalaloo beds, Et, Equus tuff; Bo, Bodo; Me, Meadura, Da, Dakanthyalo, An, Andalee; Ani, Andalee (Issie). Other: Provisionally assigned 


units in quotation marks. 


The age of the Middle Awash units and their relationship to 


the wider African late Neogene biostratigraphical sequence can- 


be estimated from their stratigraphical relationships and the 


composition of their faunas. These data are compatible with 
the few radiometric dates presently available from the Middle. 
Awash. ‘We anticipate that additional- radiometric and’ 


palacomagnetic data will provide a stronger chronological 
framework in the region. i 

The Chorora Formation is bracketed by radiometric dates 
of 10.5.and 9 Myr’, and its fauna bears resemblances to that 
of the Ngorora Formation’. The Fursa basalts, which underlie 


the Adu-Asa Formation, are dated at 10-12 Myr’®. The Lower 
Afar Stratoid Series (LASS) basalts”, which immediately overlie 
the same formation, are as yet undated, but they (and the 
underlying Adu-Asa Formation) are clearly older than the 
Upper Afar Stratoid Series (UASS) basalts, whose maximum 
age is 4.4 Myr’”. The Adu-Asa fauna is comparable with assem- 
blages from. late Miocene units in the Baringo basin—the 
Mpesida beds (+7 Myr), the Lukeino Formation (+6.5 Myr) 
and the Kaperyon Formation (£5 Myr)—and to the fauna from 
the Lothagam-1 beds'*°. The latter is conventionally dated 
to +5.5 Myr”. More precise affinities of each member can be 


Nature Vol. 298 1 July 1982 


27 


Meeme e a A pipeonepereese 


suggested, particularly based on Suidae and Probosicidea, 
although these must be regarded as hypothetical. 

The faunas of the Adu and Asa Members both include a 
very primitive nyanzachoerine that has been referred to by 
Harris and White” as Nyanzachoerus tulotos and by A. F. 
Wilkinson (personal communication) as resembling Bunolis- 
triodon (=Kubanochoerus) massai. This suid, together with the 
presence of Stegotetrabelodon, ‘Stegodibelodon’, Primelephas 
and Miotragocerus suggests that the lower levels of the Adu-Asa 
Formation may be at least as old as the late Miocene Lothagam- 
1 beds or perhaps the Lukeino Formation. A late Miocene age 
is supported by a primitive Anancus—the first of four 
evolutionary stages for this genus in the lower Awash Group— 
similar to that found in Lothagam-1 (V. J. Maglio, personal 
communication), Kobus cf. subdolus, known from Langebaan- 
weg’, and indirectly by a primitive Sus-like suine identified as 
‘early’ Kolpochoerus (H. B. S. Cooke, personal communication). 

Stegotetrabelodonts are absent in the Kuseralee Member 
while an apparently more advanced Primelephas is present, as 
well as a primitive elephant retaining features of both Mam- 
muthus subplanifrons and Primelephas. A more advanced form 
of Anancus, similar to A. kenyensis, has replaced that from the 
Asa Member, while Nyanzochoerus kanamensis has replaced 
N. cf. tulotos. A bovine similar to Ugandax gautieri from the 
lower Kaiso Formation? is present, as is Mesembriportax, 
known from ‘ʻE’ Quarry, Langebaanweg”*. A colobine monkey 
has similarities to Libypithecus, known from North Africa®. 
Overall, the Kuseralee fauna suggests a date later than 
Lothagam-1, but distinctly earlier than Lothagam-3, and very 
close to the Mio-Pliocene boundary (5 Myr’). 

Fauna in the Sagantole Formation, which overlies the LASS 
basalts, is comparable with that of early Pliocene units in the 
Baringo Basin (lower Chemeron Formation, Aterir beds)!???-?8, 
in the Lake Turkana basin (the Lothagam-37*, Ekora and 
Kanapoi’® beds, the Mursi Formation’) and, in South Africa, 
Langebaanweg'***"""!, Again, some tentative correlations 
within this span are suggested by the phylogenetically active 
pigs and elephants. The Haradaso fauna is probably older than 
Kanapoi, itself capped by a 4-Myr basalt?’. The fauna of the 
Aramis Member and Beearyada beds is similar to that of 
Kanapoi itself, in particular in the combination of an early 
Notochoerus with Nyanzachoerus jaegeri, and the first appear- 
ance of Loxodonta, together with primitive Elephas. The 
Kalaloo beds incorporate more derived forms of two probos- 
cidean lineages, a Mammuthus exhibiting features intermediate 
between M. subplanifrons and M. africanavus and a very 
advanced Anancus (unlike described species). The cerco- 
pithecoid monkey, Theropithecus oswaldi, is apparent for the 
first time, represented by a small and evidently primitive form. 
Very similar forms of Theropithecus and Mammuthus are also 
seen at Hadar (personal communications from E. Delson, and 
M. Beden). 

The age of the Hadar Formation can be estimated at between 
~4 and 2.5 Myr on the basis of included basalt and tuffs*’. Its 
fauna has been compared with that of the Laetolil Formation 
(3.7-3.5 Myr), Members A-C in the Shungura Formation (3.0- 
2.4 Myr), the lower units at East Turkana and the Kaiso 
Formation”? 

Fauna in the Matabaietu Formation includes many forms 
absent from the Hadar Formation, and suggest a moderately 
younger age, and is generally comparable with that of Members 

D-F of the Shungura Formation (2.4-2.0 Myr)***?*°, the 
Chemoigut beds at Baringo*’, collecting unit 3 in the Koobi 
Fora Fm, Olduvai below the Lemuta Member**?**! and the 
upper Kaiso Formation’***, The UHF beds’ are broadly similar 
in stratigraphical position and the fauna that they contain. 

The Wehaietu Formation is clearly Pleistocene in age. The 
fauna of the lower units (Equus tuff: Bodo, Meadura and 
Dakanihyalo Members) may be comparable with Olduvai above 
the Lemuta Member****, and Olorgesailie**, while a combina- 
tion of faunal, stratigraphical and archaeological evidence??? 
suggests that the upper Wehaietu Formation above the Andalee 


Member is late Pleistocene, perhaps synchronic with the Abhe 
I beds of the central Afar*®. A single '*C date of 8,955+yr BP 
from the Holocene beds near Gewani“’ suggests that these beds 
are equivalent in age to lake sediments deposited in the central 
Afar between 5,000 and 11,000 yr BP**. 


Archaeology 


We now provide a regional overview of the RVRME 
archaeological sites whose individual descriptions or strati- 
graphical contexts have been presented, or will shortly appear, 
elsewhere’'??1°*8-°°” An Oldowan-like industry occurs in the 
lower Matabaietu Formation at Matabaietu*® and Wilti Dora, 
where it is associated with large mammals, especially elephants. 





Table 2 Distribution of major taxa in the Awash Group 
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An early lithic site has also been reported in the upper Kada 
Hadar Member of the Hadar Formation”, and two of us (J.K., 
E.O.) have recorded a diverse Oldowan assemblage in the UHF 
beds. Archaeological sites in the Wehaietu Formation docu- 
ment middle and late stages in the development of the 
Acheulian Industrial Complex’*?°**°°. In numerous localities, 
artefact assemblages occur in clusters in apparent primary 
association with the remains of single large- or medium-sized 
mammals, suggesting butchery sites. At other localities, the 
occurrence of both tools and debitage suggest tool manufacture. 
Tools are generally made of basalt, usually identifiable as of 
local derivation. 

Assessment of the total early (?) to Middle Pleistocene 
Acheulian sequence in the lower Wehaietu Formation reveals 
that the Acheulian Complex is represented throughout >100 m 
of stratigraphical section, in an area of >25 km’. From Hargufia 
to Subalealo alone, a distance of 20 km, individual tool occur- 
rences are virtually continuous and number in the hundreds, 
with artefacts in the tens of thousands. In this area, at Bodo, 
and in the area surrounding Dakanihyalo and Adgabula, there 
are at least eight separate levels of Acheulian tools representing 
several distinct stages in the development of the Acheulian 
Complex. At all levels, tools are associated with faunal remains, 
often in direct context, suggesting butchery sites or living floors. 
At least one quarry/factory site is present (at Meadura), and 
the apparent occurrences of burned bone associated with tools 
[at Meadura (?), Adgabula] may prove to be among the earliest 
records for fire use known. 

The MPA Gravels are associated with three distinct sets of 
artefacts. Within the gravels are highly rolled and weathered 
tools derived from older, Acheulian- (and Oldowan- ?) bearing 
deposits. Later artefacts occur on the surface of the gravels, 
derived as lag from the erosion of overlying sediments—a fact 
that has caused confusion about the age of this deposit**~’. 
Corvinus™, working at Hadar, was the first to demonstrate 
clearly the stratigraphical relationship of these gravels to under- 
lying in situ Acheulian tool-bearing deposits. Artefacts in situ 
on the surface and, reportedly, also within the MPA Gravels™ 
may bear similarities to those from Andalee. 

Artefacts from the lower sequence at Andalee represent one 
of the rare occurrences of an in situ ‘Sangoan’ industry and are 
associated primarily with very small- to medium-sized mam- 
mals'°. Finally, the assemblage from Issie contains a diversity 
of retouched, well-formed tools that suggest later industrial 
influences. Middle Stone Age tools predominate in assemblages 
elsewhere in the upper Wehaietu Formation. Late Stone Age 
microlithic tools made from silicic materials occur throughout 
the Holocene beds, especially at Nemay Koma and Mero Buri. 
Ceramics occur at several localities on or adjacent to the Awash 
floodplain. 


Discussion 


When added to the previously-described Hadar Formation, the 
stratigraphical sequence running from the Adu-Asa Formation 
through the Wehaietu Formation provides one of the longest 
and most complete records of land vertebrate evolution yet 
recognized in the African Neogene. In particular, the forma- 
tions and faunas newly described here document faunal evol- 
ution immediately preceding the well-known middle Pliocene 
of Hadar, and provide a uniquely continuous record of faunal, 
cultural and environmental change during the last half of the 
Pleistocene. 

The faunas of the latest Miocene to earliest Pliocene and 
Middle to late Pleistocene of Africa are known from scattered 
sites that in most cases cannot be unambiguously arrayed against 
a single stratigraphical and chronological scale. Hopefully such 
a scale should be significantly improved now that the essentials 
of the stratigraphy of the Middle Awash deposits are known, 
intercalated as they are with volcanic materials. The collections 
reported here have already contributed to knowledge of the 
history of major taxa during this period. Among the Bovidae, 


for example, are a combination of genera (Miotragocerus, 
Mesembriportax, Ugandax) known separately from North, 
South and East Africa?*. Among the Suidae, the succession of 
species in the genus Nyanzachoerus is documented, as is that 
for Kolpochoerus. The latter includes what may be the earliest 
African suine in the Adu and Asa Members, a primitive Sus-like 
form which tends to confirm Cooke’s hypothesis about the 
origins of this genus**. Advanced kolpochoeres in the Wehaietu 
Formation provide insights into what may be among the latest 
representatives of this genus. 

The Proboscidea include material that documents extensively 
some hitherto poorly known taxa. The gomphotheriid Anancus 
occurs throughout the Adu-Asa and Sagantole Formations, 
throughout >350 m of section. This occurrence is more exten- 
sive than any previously described from trans-Saharan Africa, 
and will ultimately form the basis of a full revision of the group, 
one of major biostratigraphical importance. At present, the 
Awash anancines are grouped into evolutionary stages, in the 
course of which molars become larger and more complex. Stages 
in the series serve to link sites such as Langebaanweg, Sahabi 
and Lothagam. Similarly, all recognized genera of Elephantidae 
are present in the Middle Awash. These include 
stegotetrabelodonts, as well as a variety of true elephantines 
that particularly document early stages of diversification of this 
subfamily. The biogeographical implications of the presence of 
elephantines in the late Miocene of East Africa, and their 
absence from the post-Messinian of Libya, are discussed 
elsewhere’. 

At least seven cercopithecid genera are recognized in the 
Middle Awash. Those accorded the most attention, species 
close to the modern Cercopithecus and Colobus monkeys, are 


-exceptionally well-represented in the Andalee Member”. The 


excellent preservation and abundance of monkeys of these 
forms and age are unknown elsewhere. Theropithecus 
(Simopithecus) is also abundantly represented, in almost all 
known forms of T. oswaldi*® (including, as a subspecies, T. 
darti). These range from a primitive form from Wee-ee (Kalaloo 
beds?), similar to material known throughout the Hadar Forma- 
tion, to derived forms from the Wehaietu Formation that recall 
T. o. mariae and T. o. leakeyi from East Africa”. 

The recognition of extensive, highly fossiliferous strata ante- 
dating the Hadar Formation raises the possibility of document- 
ing the earlier stages of hominid evolution. The hominid 
remains from the Hadar Formation have been vigorously touted 
as representatives of a single, thoroughly plesiomorphous 
hominid species ancestral to all known later forms’’. This view 
is not unchallenged, others (see, for example, ref. 57) seeing 
representatives of two lineages in the collection. In any case, 
there is evidence that bipedal hominids were present earlier 
than 4 Myr at Kanapoi’’, and a hominid-like hominoid of 
uncertain affinities and unknown locomotor type is known from 
Lothagam-1°°. It is hoped that the Adu-Asa Formation, which 
contains abundant fauna and apparently overlaps both 
Lothagam-1 and Kanapoi, will in time yield hominid specimens 
sufficiently complete to be assignable to an unambiguous posi- 
tion within the hominid clade, and thus to throw light on the 
timing and circumstances of the initial radiation of the family. 

Like other East African sites, the Middle Awash sees the 
first appearance of clearly recognizable human artefacts in the 
late Pliocene (Matabaietu and upper Hadar Formations). When 
analysed more fully, the many occurrences of artefacts together 
with the remains of animals in this and the Wehaietu Formation 
will permit the testing of hypotheses about the relative import- 
ance of hunting, scavenging and fortuitous association in pro- 
ducing such archaeological sites in the Plio—Pleistocene. The 
hominid skull recovered from the base of the Wehaietu Forma- 
tion at Bodo” not only provides critical evidence on archaic 
Homo sapiens; it also provides an unequivocal relationship 
between the morphological grade of tool-maker with a specific 
‘srade’ in Acheulian technology. Overlying Acheulian tool- 
bearing units may yield other hominids of potentially more 
derived forms. Most significantly, the presence of ample tuffs 
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throughout the Acheulian sequences allows for construction of 
a chronometric framework for both changing technologies and 
technicians, in what may well be the single most extensive 
Acheulian deposits described. 

The diversified lithic ‘Sangoan’ industry at Andalee may 
document that transitional period between the longstanding 
conservatism of the Acheulian and the relative cultural diversity 
that characterizes the late Pleistocene’. The Andalee industry 
and its predominantly smaller fauna stand in marked contrast 
to the association of large tools and large game animals found 
in the Acheulian sites. Kalb et al.’ speculate this may reflect 
adjustments to faunal turnover and changing man-land 
relationships following a prolonged arid period at the end of 
the Middle Pleistocene. Further studies at Andalee will eluci- 
date this question, as will work at nearby Issie. 

Overall, the succession of Acheulian, Sangoan and MSA 
industries in the Wehaietu Formation may provide a reasonable 
picture of man-land relationships during the middle and late 
Pleistocene during such crucial events as the first appearance 
of artificial fire in the region, the Acheulian~Sangoan transition, 
and thence to the MSA and LSA, and the appearance of modern 
humankind. 


Conclusions 


The Middle Awash Valley contains a largely complete record 
of mammalian evolution spanning at minimum the past 5- 
6 Myr. This record is contained within a stratigraphical 
sequence >1 km thick, making it one of the most extensive 
fossil sequences in the African Neogene. Evidence of hominid 
habitation, in the form of hominid fossils or artefacts, is found 
here in >0.5 km of beds, extending over ~4 Myr, from the 
lower levels of the Hadar Formation?” to the Matabaietu For- 
mation, through the Wehaietu Formation and the Holocene 
beds. The Middle Awash contains one of the most continuous 
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records of hominid habitation in the Old World. Likewise, the 
stone tool occurrences extending throughout over 300 m of the 
Awash sequence, encompassing of the order of 2-2.5 Myr, from 
the upper Hadar Formation and the Matabaietu Formation to 
the Recent, documents one of the most continuous records of 
human cultural change known. 

The present work and that in our previous paper, should lay 
a firm foundation for a coherent and orderly programme of 
research in the Middle Awash in the years to come. 
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Chemically synthesized peptides corresponding to two different regions of the VPI polypeptide of foot-and-mouth disease 
virus (FMDV) produced high levels of serotype-specific virus neutralizing antibody in cattle, guinea pigs and rabbits. 
A single inoculation of one of these peptides protected guinea pigs against subsequent challenge with the virulent virus. 





FOR at least four centuries foot-and-mouth disease has been 
one of the world’s major animal plagues’. The virus affects both 
domestic and wild ruminants and swine. Its ease of dissemina- 
tion, coupled with the loss of productivity of the animals follow- 
ing infection, usually estimated at 25%, make it a disease of 
major concern. The problem is worldwide as the disease is 
present in every continent except Australia and North America. 
The disease is controlled by slaughter in those countries where 
it does not normally occur but vaccination is used where it is 
endemic. The extent of the problem is such that over 1,000 
million doses of vaccine are used each year but, although 
vaccines have been available for the past 40 years, the disease 
is still widespread. The vaccines are produced by inactivation 
of virus harvests produced in cultures of baby hamster kidney 
cells or in bovine tongue epithelium fragments. Although these 
vaccines are generally effective, there are certain drawbacks to 
their use. For example, several strains of the virus cannot be 
grown to a titre high enough to provide sufficient antigenic 
mass for effective vaccination. In addition, the virus particle is 
very unstable, particularly below pH 7, so it is necessary to 
store vaccines under refrigeration to retain their potency. This 
is clearly a major limitation, particularly in tropical climates. 
The recent association of outbreaks of the disease in Europe 
with improperly inactivated virus’ illustrates another disadvan- 
tage of this type of vaccine, particularly in those regions of the 
world where the disease has been virtually eradicated. These 
disadvantages have prompted continuing studies on the struc- 
tural features of the virus particle that are necessary for 
immunogenic activity with a view to developing alternative 
vaccines. 

The virus, which belongs to the aphthovirus genus of the 
family Picornaviridae, contains one molecule of infectious 
single-stranded RNA of molecular weight (M,) ~2.6 x 10° and 
60 copies of each of four polypeptides VP1-VP4 (ref 3). An 
important antigenic role for VP1 is indicated by the fact that 
treatment of the virus particle with trypsin results in the cleavage 
of only this polypeptide, with a concomitant decrease in infec- 
tivity and, depending on the virus strain, a loss of immunizing 
activity’. Indeed, VP1 isolated from virus particles has some, 


albeit very low, immunizing activity’, whereas the other three. 


viral polypeptides have no such activity. Based on this observa- 
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Table 1 Antibody response of rabbits to different peptides of VP1 of FMDY, 
type 0, strain Kaufbeuren 
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Anti-peptide Neutralization 


Rabbit no. Peptide antibody titre index Uog” 
i 9-24 80-160 2,3 
2 9-24 40-80 20.3 
3 17-32 80-160 z0,5 
4 17-32 20-40 2,9 
5 25-4] 40-80 20.5 
6 25~41 640-1280 zo 9 
7 1-41 320-640 20.9 
8 i~4] 320-640 20.7 
9 141-160 320-640 53,9 

19 141-160 320-640 3.7 
11 151-160 80-160 2.9 
12 151-160 160-320 Li 
13 200-213 > 1280 3.5 
14 200-213 160-320 3.3 





In the second column, numbers refer to the amino acid, starting at the amino- 
terminus. Rabbits were immunized with peptide-coupled KLH inoculating 200 pg 
in complete Freund's adjuvant (1:2) s.c. in the footpad on day 0; 200 ug in 
incomplete Freund's adjuvant s.c. on day 14; 200 ug with 4 mg of aluminium 
hydroxide intraperitoneally (i.p.) on day 21 and day 50 and were then bled on 
day 57. The enzyme-linked immunosorbent assay (ELISA) was used to test all 
antisera for their ability to react with the peptide used for immunization. Antibody 
was bound to antigen immobilized on polystyrene plates and the antigen~antibody 
complex was detected using an enzyme-labelled goat anti-rabbit IgG. Five pmol 
of antigen in 0.1% bovine serum albumin (BSA) phosphate-buffered saline (PBS) 
were added to each well of a 96-well microtitre plate and dried overnight at 
37°C. The dried antigen was then fixed to the plates with 30 ul per Well of 
methanol for 5 min at room temperature. Before adding the antibodies, the plates 
were coated for 4h with 3% BSA/PBS to block nonspecific adsorption of 
antibodies to the plate. Twofold serial dilutions of each antiserum were prepared 
in minimal essential medium containing 10% fetal calf serum, 24 ul of the serum 
dilution were added per well and the plates were incubated overnight at room 
temperature. Unbound antibody was then washed off with water. The antigen- 
antibody complex was reacted with 25 wl per well of 1:100 dilution of goat 
anti-rabbit IgG coupled to glucose oxidase. Excess goat anti-rabbit antibody was 
washed off with water and the reaction was developed by adding 50 wi per well 
of developing solution [25 ml 0.1 M Na-phosphate buffer, pH 6.0, 3 mi 20% 
glucose, 200 l 0.1% horseradish peroxidase, 200 pi of chromogen (2,2'-amino- 
di-[3-ethylbenzthiazolin-sulphonate]) at 20 mg mi”! in Na-phosphate buffer, pH 
6.0]. The plates were read in a Titertek Multiskan at 414 nm, and the values 
presented are the reciprocal of the serum dilution binding to 50% of 5 pmol of 
antigen, 

* Equal volumes of virus dilutions and undiluted sera were inoculated iLp. into 
suckling mice. The values give the difference between the titre of the virus plus 
normal serum and the virus plus antiserum. 


pcan amaanarp ren remade aa AAAA REE RA E A Aint unt aera fan d AN AAAA la a aana NA ANman apanan er LY AI AY AEA AA AERIAL panana LIT aena WFO 


Oy VOT Adanesitian froreafe Pret 


Nature Vol. 298 1 July 1982 


31 





1 THR THR SER ALA GLY GLU SER ALA ASP PRO VAL THR THR THR YAL GLU ASM TYR GLY GLY 
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21 GLU THR GLN ILE GLN ARG ARG GLK HIS THR ASP YAL SER PHE ILE MET ASP ARG PHE YAL 
l 
i 
Y 
A LYS VAL THR PRO GLN ASN GLN ILE ASM ILE LEU ASP LEU HET GLN ILE PRO SER HIS THR 





61 LEU YAL GLY ALA LEU LEU ARG ALA SER THR TYR TYR PHE SER ASP LEU GLU ILE ALA YAL 


8) LYS HIS GLU GLY ASP LEU TER TYR YAL PRO ASH GLY ALA PAD GLU LYS ALA LEU ASP ASH 


-i 


101 THR THR ASM PRO THA ALA TYR HIS LYS ALA PRO LEU THR ARG LEU ALA LEU PRO HIS THR 
121 ALA PRO HIS ARG VAL LEU ALA THR YAL TYR ASW GLY GLU CYS ARG TYR ASN ARG ASH ALA 
14) VAL PRO ASN LEU ARG GLY ASP LEU GLH YAL LEU ALA @LM LYS VAL ALA ARG THR LEU PRO 
161 THR SER PHE ASM TYR GLY ALA ILE LYS ALA THR ARB YAL THR GLU LEU LEU TYR ARG MET 
181 AIAPE A TER TTR ES TO E AER CEET ED ie AS PAA ARRE E 


201 HIS LYS GLA LYS ILE WAL ALA PRO VAL LYS GLN THR LEU 
TS 


Fig.1 The 213-amino acid sequence of VP1 as translated by Kurz et al.'? 
from the nucleic acid sequence. Regions of the protein chosen for synthesis 
are indicated by bold underlining. C or Y at the end of such a line indicates 
the addition of cysteine or tyrosine not found in the primary sequence. 
Peptides were synthesized by the solid phase method’’~’” using a Beckman 
Model 990B peptide synthesizer. The initial amino acid resin was prepared 
by esterification of Boc-(MeoBzl)-Cys-OH (2.0 g of the anhydrous caesium 
salt. 4.3 mequiv) to chloromethylated resin (polystyrene-1% divinylben- 
zene, bio-beads S.X -1, 200-400 mesh, 0 70 mmol g~) in 25 ml anhydrous 
dimethylformamide (DMF) by stirring for 24 h at 50°C. A threefold excess 
of caesium salt over active chloride polymer was found to give almost 
complete substitution. Substitution was determined to be 0.55 mequiv g`’ 
by the picric acid test and amino acid analysis, and 0.53 mequiv g ' follow- 
ing HCl-propionic acid hydrolysis. For each synthesis, 1 0 g (0.53 mequiy) 
of Boc-(MeoBzi)-Cys resin was used The following side-chain protecting 
groups were used. O-Br-Z for lysine and tyrosine; O-benzyl for threonine, 
serine, aspartic acid and glutamic acid; tosyl for arginine; N-formy] for 
tryptophan; and N -dinitropheny] for histidine. Protected amino acids (from 
Vega Biochemicals or Peninsula Laboratories) were recrystallized from the 
appropriate solvent to give single spots on TLC (chloroform/acetic acid = 
15:1 or chlorofrom/methanol = 10:1) All couplings were carried out using 
a 10-fold excess of Boc-AA-OH. For asparagine and glutamine, an equi- 
molar amount of N-hydroxy benzotriazole was added to the protected 
amino acid and dimethyl formamide was used as the solvent. All coupling 
reactions were 299% complete by the picric acid test. The removal of 
dinitrophenyl from histidine-contaiming peptides was accomplished with 
N-methyl mercaptoacetamide™” in DMF by mixing with the resin-bound 
peptide for 15 min. Removal was >95%. The protected peptide polymers 
(500 mg to 2.5 g, 0 12-0 60 mequiv) were treated with twice their weight 
of anisole and with 40 times their volume (relatrve to weight) of anhydrous 
HF at 4°C for 1 h. For peptides containing glutamic acid, 5% v/v pyndine 
was added to the HF to prevent anisylation. After evaporating the HF with 
a stream of N., the red residue was mixed with anhydrous ether (50x, 
w/v) and stirred vigorously for 15 min; after repeating the ether extraction 
three times, the white residue was filtered and dried in vacuo. This dried 
resin-peptide mixture was generally extracted with 5% HOAc, lyophilized 
and amino acid analysis performed (approximately 90% removal of the 
peptide from the resin was accomplished in this manner). For peptides 
containing tryptophan, the N-formyl protecting group was removed from 
the peptide by treatment for 1.5 min at pH 11.5 (NaOH) in the presence 
of hydrazine. If the amino acid analysis was acceptable (+5% of theory), 
the peptides prepared in the above manner were used directly, if not, they 
were purified to the desired extent by CM-cellulose chromatography, partı- 
tion chromatography, or HPLC as needed. Yields ranged from 20-60% 
depending on the given peptide, and the purity needed The peptides were 
coupled to a protein carrier, KLH, through the cysteine of the peptide, 
using N-maleimidobenzoyl-N -hydroxysucctnimide ester (MBS) as a coup- 
ling agent, as described by Liu ef al.?!. 


tion, workers in Europe and the USA"? have investigated the 
possibility of producing the protein by recombinant DNA tech- 
nology, and Kleid et al.** have produced by this means 1-2 x 10° 
copies of VP1 per Escherichia coli cell. However, the expressed 
protein appears to be no more active weight for weight than 
VP1 produced from virus particles and it is clear that much 
remains to be learned about the structural features necessary 
for effective immunization before VP1 can be considered a 
realistic alternative to killed virus particles. 


Application of recombinant DNA technology has also 
allowed nucleotide sequences of the virus genome to be deter- 
mined, from which the primary amino acid sequence of VP1 
can be deduced. Sequences are now available for two strains 
of serotype A**’? and one of type O*. In addition, Strohmaier 
and his colleagues’* have provided evidence, by measuring the 
immunogenic activity of enzymatically or chemically derived 
fragments of VP1 of the type 0 strain, that sites eliciting 
neutralizing antibody are located in the carboxy-terminal half 
of the molecule. We have chemically synthesized peptides cor- 
responding to several regions of VP1 of this strain of virus and 
report here that some of these induce neutralizing and protec- 
tive antibodies against the disease. 


Chemically synthesized peptides induce 
neutralizing antibodies in rabbits 


Previous studies’ indicated that the carboxy-terminal region 
was important in inducing neutralizing antibody. In addition, 
nucleic acid sequencing of the two strains of type A’’’? and 
one of type 0° demonstrated that there was considerable varia- 
bility between positions 130-160 and 190-213. We reasoned 
that this variability was due to the availability of these regions 
for interaction with neutralizing antibody and their consequent 
subjection to high selective pressure. To study the molecule 
further, we also selected a series of N-terminal peptides for 
synthesis. Seven peptides from VP1 of type 0 virus (strain 
Kaufbeuren), corresponding to four regions near the amino- 
terminus (1-41), one at the carboxy-terminus (200-213) and 
two near the centre of the molecule (141-160 and 151-160) 
were synthesized, coupled to keyhole limpet haemocyanin 
(KLH) and inoculated into rabbits (see Fig. 1). The KLH- 
coupled peptides elicited anti-peptide antibody titres as assayed 
by ELISA (Table 1). However, a virus neutralizing antibody 
response was elicited only by the peptides in the middle region 
and at the carboxy-terminus. 

The serotype specificity of the antibodies produced in the 
rabbits by the peptides spanning regions 141-160 and 200-213 
was determined in neutralization tests using the homologous 
virus and viruses of types A and C. Although there was some 
cross-neutralization, the level was considerably lower than that 
of the homotypic reaction (Table 2). These results show that 
the serotype specificity of the sera produced by inoculation of 
the synthetic peptides mimicks that found with sera against 
whole virus. The cross-neutralization may reflect the limited 
sequence homology among the different serotypes. 


Guinea pigs immunized with synthetic 
peptides are protected 
against foot-and-mouth disease 


Having established that peptides 141~160 and 200-213 pro- 
duced high levels of neutralizing antibodies on multiple inocula- 
tion into rabbits, we tested the effectiveness of a single inocula- 
tion of the antigens in producing neutralizing antibodies in 
guinea pigs and in providing protection against challenge. 
Guinea pigs were inoculated subcutaneously (s.c.) with 20 or 
200 ug of either of the two peptide conjugates, mixed with 





Table 2 Serotype specificity of the anti-peptide antibodies ` 





Neutralization index (logio)" 


Antibody to against 
peptide region: O Kaufbeuren C Indaial A-61 
141-160 (rabbit 9) 4.3 —-0.1 1.1 
141-160 (rabbit 10) =6.3 1.9 2:3 
200-213 (rabbit 13) 2.9 —0.1 1.5 
200-213 (rabbit 14) 3.3 0.3 1.5 





C Indaial belongs to serotype C, subtype 3; A-61 belongs to serotype 
A, subtype 10. 
* See Table 1 legend. 
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Freund’s complete adjuvant or aluminium hydroxide gel. 
Parallel groups of animals were inoculated with either 1 or 
10 ug of purified inactivated virus particles mixed with either 
of the same two adjuvants. After 35 days, the animals were 
bled by heart puncture to determine the level of neutralizing 
antibody and then challenged by inoculating one hind footpad 
with 10* IDs, (50% infectious dose) of the homologous virus 
which had been passaged once in guinea pigs. The results, 
summarized in Table 3, demonstrate the effectiveness of peptide 
141-160 in producing neutralizing antibody and protecting the 
animals against infection. As little as 200 ug provided complete 
protection and even 20 ug provided substantial protection, in 
view of the severity of the challenge. There was good correlation 
between the level of neutralizing antibody and the response to 
challenge. Those animals whose sera had a neutralizing index 
of ~1.5 or greater were protected. 

In contrast, inoculation of guinea pigs with a similar amount 
of VP1, prepared by SDS-polyacrylamide gel electrophoresis 
(SDS-PAGE) gave a much lower neutralizing antibody 
response. We have observed this for several different prepar- 
ations of VP1 from viruses of types 0 and A. 


Biochemical characterization of the virus 
components reacting 
with the anti-peptide sera 


The rather surprisingly superior neutralizing antibody response 
of the animals to inoculation with the synthetic peptides, com- 
pared with that observed in studies using VP1, prompted us to 
explore the basis for this difference. As only the antisera to 
peptides 141-160 and 200-213 had neutralizing activity, we 
confined our experiments to these and we have characterized 
the reactivities of these novel reagents in a variety of assays 
commonly used in this virus system. First, the antisera were 
tested for their ability to precipitate purified *°S-methionine- 
labelled virus antigens (Table 4). Intact 1468S virus particles 
were precipitated by (1) the anti-peptide sera, (2) a rabbit 
antiserum prepared against purified VP1, (3) convalescent 
guinea pig serum and (4) guinea pig serum prepared against 
146S particles. With the exception of the serum against the 
146S particles, the same antisera also precipitated the 12S virus 
protein subunit, which is a pentamer of VP1-3, produced by 
heating 146S particles to 60°C. The lack of reaction between 
antisera to 146S particles and the 12S subunit has been 
described previously’*. Disruption of the 146S particle into its 
constituent polypeptides by treatment with 8M urea at 37 °C, 
followed by dilution to reduce the urea concentration, led to a 
loss of reactivity with the anti-146S serum and a considerable 
reduction in its reaction with the convalescent serum. However, 
there was less reduction with three of the four anti-peptide 
sera. The anti-VP1 serum precipitated the denatured protein 
efficiently. 





Table 3 Protection of guinea pigs against challenge with FMDV by inoculation 
with inactivated virus particles, VP1 or synthetic peptides 141-160 and 200-213 








No. protected/ 


Dose Neutralization 

Antigen (ug) Adjuvant index (log,,)* No. challenged 
Virus i Al(OH), 2.7(1.1~2.3) 1/4 
10 Al(OH), $4 ,9(3.4- 54.5) 2/2 
i Freund's 2.5(1.3-2.9) 272 
10 Freund's &§.3(54.5) 4/4 
VPI 20 AKOH), 0.5(0.1-0.9) ND 
141-160 20 Al(OH), 2,1(0.9-2.7) 3/4 
200 =... AKOH); 2.7(1.7-33.7) 3/3 
20 Freund's 2.1(0.1-2.5) 1/4 
200 Freund’s 3.3(1.5-53,3) 4/4 
200-213 20 AKOH), LUND) 1/3 
200 AHOH)}), 0.7(ND) 2/4 
20 Freund’s L.1(ND) 0/4 
200 Freund’s 0.5(ND) 0/4 


FREE vEVENEOTOE TERETE ra ara TE TT AEEA AEA naamaa 


* Neutralizing activity of pooled serum from eight animals. Values in paren- 
theses give the range of activity in the individual animals that were challenged. 
ND, not done. 





‘Fig. 2. Comparison of immune precipitation of viral proteins by 
different antisera. FMDV-infected BHK 21 cells were labelled 
with >°S-methionine from 2.5 to 3 h post-infection, when host cell 
protein synthesis was almost completely halted. The cells were 
then lysed by treatment with 1 ml of 1% NP-40, 0.5% DOC in 
0.15 M NaCl, 50 mM Tris-HCl, pH 7.5 and the nuclei pelleted 
in a microfuge for 5 min. Aliquots (20 pl) of the supernatant were 
diluted with 1 ml of NETS (0.15 M NaCl, 5 mM EDTA, 50 mM 
Tris-HCl, pH 7.5 and 0.5% NP40) immediately, or after adding 
SDS to 1% and heating at 100°C for 2min. The appropriate 
antiserum (30 unl) was added to each sample and complexes 
allowed to form at 4°C overnight. Washed, inactivated Staphy- 
lococcus aureus ghosts (Pansorbin) were then added to adsorb 
IgG molecules and separated by centrifuging for 5 min in a micro- 
fuge. The pellets were washed twice with NETS and the adsorbed 
IgG and complexed antigens eluted by suspending the pellets in 
Laemmli disruption buffer’*. The proteins were denatured by 
heating at 100°C for 2 min and separated on an 11% Laemmli 
gel**. The gels were prepared for fluorography”? and exposed to 
X-ray film. Lane 1, total cell extract; lanes 2-9, immune precipi- 
tates of undenatured extracts: lanes 10-17, immune precipitates 
of SDS-denatured extracts. Lanes 2 and 10, control rabbit serum; 
lanes 3 and 11, convalescent guinea pig antiserum; lanes 4 and 
12, guinea pig antiserum to 146S particles; lanes 5 and 13, rabbit 
antiserum to VP1; lanes 6 and 14, antiserum 9 to peptide 141-160, 
lanes 7 and 15, antiserum 10 to peptide 141-160; lanes 8 and 16, 
antiserum 13 to peptide 200-213; lanes 9 and 17, antiserum 14 

to peptide 200-213. 


The same antisera were then tested for their ability to precipi- 
tate the virus-specfic antigens in infected BHK 21 cells. The 
antigens were extracted in their native state by disrupting the 
cells with deoxycholate (DOC) and Nonidet P-40 (NP40)"* and 
used either directly or after denaturation by heating at 100°C 
in the presence of 1% SDS. The immunoprecipitated proteins 
were separated by PAGE (Fig. 2); all the antisera precipitated 
both the virus structural proteins and their precursor, P88 (lanes 
3-9). The convalescent antiserum also precipitated some of the 
non-structural polypeptides. As the structural proteins are pres- 
ent as complexes when extracted from cells in these conditions, 
antisera reactive with VP1 also precipitate the other structural 
polypeptides. 

After denaturation of the proteins with SDS, only the rabbit 
anti-VP1 serum precipitated VP1 and the structural protein 
precursor P88 (Fig. 2, lane 13); VP1 was precipitated neither 
by the control rabbit serum (lane 10), by convalescent serum 
(lane 11) nor by the anti-146S serum (lane 12). The antisera 
against peptides 141-160 (lanes 14, 15) and 200-213 (lanes 
16, 17) precipitated very little of the SDS-denatured antigens, 
a very faint VP1 band could be seen in the 200-213 precipitates 
on the original autoradiograph. 

The reactivity of the various antisera for denatured molecules 
was further examined by the Western blotting technique, 
whereby the proteins from purified denatured virus particles 
were separated by SDS-PAGE, transferred to nitrocellulose, 
probed with antiserum and the reaction visualized by 
autoradiography after binding '**I-labelled protein A. The 
results (Fig. 3) again show a lack of reaction between VPI and 
the convalescent and anti-146S sera (lanes 2 and 3) and a strong 
reaction with anti-VP1 serum (lane 4). Reaction between the 
200-213 antisera and VP1 (lanes 7, 8) was more obvious than 
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in the immunoprecipitation experiment (Fig. 2); only a weak 
reaction with the two anti-141-—160 sera (lanes 5, 6) was seen. 

Taken together, these data indicate that the anti-peptide sera 
react with the protein species containing the appropriate 
sequence, including precursor molecules, and that they 
resemble anti-viral anti-sera in reacting well with native com- 
ponents. Because of their propensity to bind to native VP1, 
these sera also precipitate other protein species which, in non- 
denaturing conditions, are bound to the primary target by virtue 
of the protein-protein interactions important in the structure 
of this virus. On the other hand, it is clear that the activity of 
the anti-VP1 serum is directed primarily against denatured 
protein, an observation easily understandable in view of the 
fact that this serum was prepared against SDS-denatured pro- 
tein. VP1 isolated by other means has been an equally poor 
antigen for generating an anti-viral response (D.J.R. and F.B., 
unpublished work). 


Discussion 


Our results show that a single inoculation of the synthetic 
peptide 141-160 elicits sufficient neutralizing antibody to pro- 
tect guinea pigs against subsequent challenge with FMDV. 
Although we have not yet accumulated sufficient data to allow 
a precise comparison, the results obtained so far indicate that, 
on an equal weight basis, a single peptide has from one to as 
much as 10 per cent of the activity of the inactivated virus 
particle. Furthermore, the neutralizing antibody titre elicited 





Table 4 Precipitating activity of different antisera against the 146S 
virus particle, 12S subunit and viral polypeptides 





Amount of antigen precipitated 
{counts per 20 min) 


146S 128 Viral 
Serum Animal particle subunit polypeptides 

Normal Rabbit 667 616 637 
Convalescent Guinea pig 2,692 1,833 742 
146S particle Guinea pig 2,889 668 646 
VP1 Rabbit 3,231 2,457 1,553 
141-160 Rabbit 9 3,123 2,212 774 
141-160 Rabbit 10 3,174 2,312 1,047 
200-213 Rabbit 13 3,434 2,259 1,070 
200-213 Rabbit 14 3,215 2,266 1,127 





by the peptide is several orders of magnitude greater than the 
best results obtained by immunization with the capsid protein 
VPI, irrespective of whether this is produced by disruption of 
virus particles" or by expression in E. coli cells'’. Indeed, in 
several of our own experiments (for example, see Table 3) and 
in other studies’, the level of neutralizing antibody response 
to one inoculation of the capsid protein was negligible. The 
reason for this difference may be that the antibody induced by 
the synthetic peptide is more closely related qualitatively to 
that induced by virus particles than to that induced by VP1. It 
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Fig. 3 Comparison of the reaction of different antisera with 
separated viral polypeptides. Purified FMDV 1465S particles were . 
denatured with Laemmli disruption buffer”? at 100°C for 2 min 
and the proteins separated on a 10% polyacrylamide gel slab. The 
proteins were electrophoretically transferred to a nitrocellulose 
sheet which was then cut into strips. The strips were immersed in 
a solution of 10mg ml” haemoglobin containing the different 
antisera. After thorough washing, the strips were immersed in a 
solution of '**I-labelled S. aureus protein A, The washed, dried 
strips were then exposed to X-ray film to visualize the binding of 
protein A to IgG molecules immobilized on the strips. Lane 1, 
control rabbit serum; lane 2 convalescent guinea pig antiserum: 
lane 3, guinea pig antiserum to the 146S particle; lane 4, rabbit 
antiserum to VP1; lanes 5 and 6, rabbit antisera 9 and 10 to 
peptide 141-160; lanes 7 and 8, rabbit antisera 13 and 14 to 
peptide 201-213. 


is possible that the separated VP1 does not fold properly when 
deprived of the scaffolding provided by the other capsid pro- 
teins. Thus the immunodominant site presented to the immune 
system by free VP1 may be largely irrelevant to neutralization. 
In contrast, a small free peptide may be able to adopt a confor- 
mation approximating that which it assumes in the virus particle, 
a situation that is unlikely when it is constrained by the neigh- 
bouring amino acids in an improperly folded VP1. 

One clear advantage of the synthetic 141-160 peptide is its 
activity in eliciting a protective antibody response after a single 
inoculation. This good response to a single inoculation is impor- 
tant, because successful immunization against foot-and-mouth 
disease in the field depends on the vaccines being sufficiently 
active to produce a protective response with one inoculation. 
Indeed, preliminary work in cattle and pigs shows that. the 
synthetic peptide 141-160 can elicit an antibody response 
sufficient to protect these species against the disease. Thus the 
prospects for a totally synthetic vaccine against foot-and-mouth 
disease are encouraging. 

We thank David Morrell for the Western blot experiment 

and Janet Haresnape for the anti-VP1 serum. 
Note added in proof: Since the submission of this article, we 
have obtained evidence that synthetic peptides corresponding 
to amino acids 141-160 of the VP1 of two subtypes of serotype 
A of FMDV (subtype 10, strain 61 and subtype 12, strain 119) 
also elicit the production in rabbits of levels of neutralizing 
antibody similar to those described here. 
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Transcript secondary structures regulate 
transcription termination at the 
attenuator of $. marcescens tryptophan operon 
I. Stroynowski & C. Yanofsky 


Department of Biological Sciences, Stanford University, Stanford, California 94305, USA 


We have analysed the regulatory behaviour of deletion mutants lacking different segments of the leader region of the 
tryptophan operon of Serratia marcescens. Our results support the model in which a particular RNA Structure, the 
terminator, is recognized during transcription as a transcription termination signal, and an alternative RNA structure, 
the anti-terminator, prevents formation of the terminator. It appears that the role of translation, ribosome stalling and 
shifts between alternative RNA secondary structures, is simply to regulate formation of the terminator. 


SEVERAL bacterial operons encoding amino acid biosynthetic 
enzymes are regulated by attenuation (for reviews see refs 1-3). 
This regulatory mechanism involves controlled transciption 
termination at a site, the attenuator, located in the leader region, 
the segment of the operon between the transcription start site 
and the first structural gene. Comparison of the sequences of 
the leader regions of the six-amino acid biosynthetic operons 
known to be regulated by attenuation*”’ reveals considerable 
similarities. Each operon has a potential peptide-coding region 
in the leader transcript which, if used, would specify a small 
peptide rich in the regulatory amino acid. Immediately beyond, 
there is a site of transcription termination, an attenuator. This 
site consists of an A+ T-rich sequence preceded by a G+ C-rich 
sequence exhibiting dyad symmetry. The segment of the tran- 
script corresponding to the G+C-rich region in each operon 
can potentially form a stable hydrogen-bonded stem and loop 
structure. Transcription termination at the attenuator of each 
of these operons is controlled by the extent of charging of 
appropriate transfer RNAs with the regulatory amino acid, 
implicating leader peptide synthesis in the regulation of termi- 
nation. 

A model attempting to explain attenuation was proposed by 
Lee and Yanofsky* for the frp (tryptophan) operon of 
Escherichia coli. It was suggested that a G+C-rich secondary 
structure forms in the transcript just before RNA synthesis 
stops and serves as the recognition signal for transcription 
termination at the attenuator. An alternative secondary struc- 
ture in the transcript was also predicted. If this structure, located 
in the earlier segment of the leader transcript, formed, it could 
prevent formation of the presumed transcription termination 
signal. It was hypothesized that this alternative secondary struc- 
ture would eliminate transcription termination at the attenuator 
and thereby increase expression of the operon. The switch 
between the alternative RNA secondary structures was pro- 
posed to be regulated by ribosome movement along the tran- 
script during translation of the coding region for the leader 
peptide. Specifically, ribosome stalling at the tandem Trp 
codons of the transcript—a consequence of the unavailability 
of charged tRNA™”—was thought to mask a critical segment 
of the transcript, thus favouring formation of the RNA stem 
and loop mutually exclusive with the formation of the termina- 
tion secondary structure. This interpretation is consistent with 
the results of subsequent studies on attenuation performed with 
the trp operons of E. coli and other enteric bacteria”. The 
model has been applied to other amino acid biosynthetic 
operons; it has been used to explain attenuation in the phe, 
his?, thr’®, leu’! and ily'** operons. 


* Present address: Division of Biology, California Institute of Tech- 
nology, Pasadena, California 91109, USA. 


Many features of the proposed model have not been verified 
by studies with any of the operons mentioned. We report here 
the results of experiments designed to test the fundamental 
hypothesis that alternative RNA secondary structures are in- 
volved in the regulation of transcription termination at the trp 
attenuator. 


A model for attenuation in the frp operon of 
S. marcescens 


Mutational and physiological studies with Serratia marcescens 
indicate that the trp genes of this enterobacterium are coordin- 
ately regulated in response to changes in tryptophan concentra- 
tion'**®, The regulatory region of the S. marcescens trp operon 
is organized identically to those of Escherichia coli and Sal- 
monella typhimurium”. There is a promoter—operator used to 
regulate transcription initiation and a leader region within which 
transcription termination is controlled. 

Figure 1 gives the alternative RNA secondary structures 
of S. marcescens analogous to those of the E. coli leader 
transcript, and Fig. 1a shows the secondary structures that 
could be predicted to form in vitro. On the basis of studies with 
the wp operon of E. coli, the in vivo studies described here, 
and the results of in vitro transcription experiments to be 
presented elsewhere, we believe that the stem and loop struc- 
ture labelled 3:4 in the figures is the structure recognized by 
the transcribing polymerase as a transcription termination sig- 
nal; for example, deletion mutants that can only form structure 
3:4 efficiently terminate transcription at the attenuator in vive 
and in vitro. In view of these findings, structure 3:4 will hen- 
ceforth be designated the ‘terminator’’*. When cells are starved 
of tryptophan, the ribosome translating the peptide-coding 
region is believed to stall over either of the adjacent Trp codons, 
thereby masking transcript segments A1, 1B and 2B. In these 
conditions, secondary structure 2A:3 could form before the 
synthesis of segment 4, and thereby preclude formation of the 
terminator. Substantial in vivo and in vitro evidence indicates 
that structure 2A :3 has an important role in preventing termi- 
nation. We shall designate a structure such as 2A:3 in Fig. 15 
as an anti-terminator. The stalled ribosomes shown in Fig. 15 
are centred over the His and Arg codons of the peptide-coding 
region. Ribosomes stalled at these positions would block pairing 
of 1A with 2A, and 1B with 2B, but would not interfere with 
pairing of 2A with 3. These schematic representations are based 
on the findings in Table 1 showing that starvation for His, Trp 
or Arg relieves transcription termination at the trp attenuator 
of S. marcescens. Starvation for proline, a residue not present 
in the leader peptide, has no effect. These observations support 
the conclusion derived from comparable studies performed with 
E. coli® and suggest that attenuation is regulated through ribo- 
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Fig. L .Secondary structure alternatives in the S. marcescens trp leader transcript. Numbenng 1s from the presumed 5’ nucleotide of the transcript. The Likely 
leader peptide initiation and termination codons are enclosed in boxes and the predicted amino acid sequence of the transcript ts as reported!” except for an 
additional A residue at position 150 The numbered RNA segments are those thought to participate in the various secondary structures that either cause or 
prevent transcription termination at the attenuator. The structures in a are predicted to form in vitro; hairpin loop 3:4 is believed to be the signal responsible 
for transcription termination. When the transcript is translated in vivo comcident with transcription of the trp leader region, structure 3'4 is thought to form 
and cause transcription termination. b Shows an alternative secondary structure. This structure, 2A .3, 1s believed to form ın cells starved of His, Gly, Trp or 
Arg because the translating ribosome (schematically represented as dashed bullets stalled over His and Arg codons) stalls in the cntical region of the transcript. 
Formation of structure 2A°3 prevents formation of structure 3:4, thereby preventing transcription termination. The various structures have the following 
calculated free energies of formation’?: 1:2, AG=—4 kcal mol`! (see text for discussion); 2°3, AG =—19.6 kcal mo!™!, 3.4, AG =—21.6 kcal mol~!. The 
hypothetical structure formed by pairing of nucleotides 3-19 with 23-27 has a theoretical AG = —1.8 kcal mol™*. To simplify discussion of potential secondary 
structures we have assumed that this structure forms We know of no function for such a structure 


some stalling over a crucial segment of the transcript and not 
by the tryptophan deficiency per se. 

If the role of the ribosome is simply to mask appropriate 
segments of the frp transcript, we could simulate such masking 
by deleting the corresponding segment of the transcript. 
Accordingly, we produced a set of overlapping deletions having 
both termini within the leader region. We selected those dele- 
tions that also removed the leader peptide ribosome-binding 
site and translation start codon to avoid the complication of 
translation. We describe here the in vivo analysis of the effects 
of these deletions on attenuation. 


Analysis of deletion mutants lacking 
segments of the frp 
leader region of $. marcescens 


Deletions around the Hpal site, nucleotides 32-37, in the trp 
leader region were produced in vitro by exonuclease digestion, 
as described in the accompanying paper’*. Each deletion mutant 
was characterized by DNA sequence analysis to determine the 
deletion junction. The leader regions containing deletions were 
then introduced into the chromosome in single copy form for 
operon expression studies. The recipient for these studies was 
an E. coli strain that lacked the trp repressor and had a deletion 
of trpE (trpR A trpLE1413). This deletion removes the E. coli 
frp attenuator and frpE, resulting in the production of 
sufficiently high levels of the trpD protein of E. coli to activate 
a broad range of levels of S. marcescens trpE protein. Cultures 
were either grown with excess tryptophan or starved of this 
amino acid. As the translation start codon of the leader tran- 
script was deleted in all the deletions analysed, the +Trp values 
are most relevant to considerations of operon expression. 
Figure 2a summarizes expression data for four deletions that 
remove the leader translation start codon. With the exception 
of deletion 221, operon expression, and presumably transcrip- 
tion readthrough, is reduced to 8-18% of the value obtained 
with the wild-type leader region. As documented in the 
accompanying paper’®, deletions that prevent translation of the 
peptide-coding region cause increased termination, or superat- 
tenuation. Presumably, in such strains secondary structure 1A- 
1B:2A~-2B forms and prevents pairing of 2A with 3. Thus, 
3:4, the terminator, forms at high frequency. In this explanation 
it is assumed that when the coding region is translated in 
wild-type, structure 2A: 3, the anti-terminator, forms occasion- 


ally, leading to a moderate level of transcription readthrough. 
Deletion mutant 221 requires additional explanation. The 
sequence created by the deletion in this strain, 
CGGCC.AACAC (nucleotides 16-18 fused to nucleotides 56- 
58), is complementary to the 1A-1B junction (nucleotides 
78-83, Fig. 2a) and conceivably could pair with this segment 
and thereby reduce the frequency of 1A-1B pairing with 2A- 
2B. Free 2A-2B would thus be available to generate the anti- 
terminator. Mutant 307, which differs from 221 by only one 
base pair (C is substitued by G at position 18), has fourfold 
lower expression. In agreement with this result, it can be calcu- 
lated that this C>G substitution considerably reduces the 
theoretical estimate of the free energy of the potential secon- 
dary structure (from AG = —5.6 to AG = +1.6 kcal mol™’). 
The importance of segments 1A and 1B in the regulation of 
transcription termination is evident from analyses of deletions 
having endpoints in these segments (Fig. 25). In general, as 
more of segment 1A~1B is removed, the level of observed trpE 
expression increases until it reaches values of ~400%, reflecting 
the absence of termination at the attenuator. Mutant 206 is an 


Table 1 The effect of starvation for various amino acids on readthrough transcrip- 
tion in the S. marcescens trp operon 


% Of pulse-labelled 


RNA annealed to 
S marcescens trpE Relative rpE 
Growth conditions DNA mRNA levels 

Non-starved 0.13 (100%) 
Trp-starved 0.62 476 
Arg-starved 0.53 410 
His-starved 0.46 353 
Pro-starved 0.15 115 


The numbers in the last column indicate the average structural gene #pE 
mRNA level expressed by ASm4 derivatives in E. col: starved for the 
amino acid, relative to the value obtained with a non-starved culture (100%). 
The results are averaged from six experiments. The error of the measurement is 
20% of the number given. The non-starved ASm4 lysogen (E coli background. 
LS993 trpR Atrp ED24 argE his pro ilv) was grown in minimal medium containing 
0.05% casein hydrolysate, 0.2% glucose and 50 ug ml“ of required amino acids. 
Samples of this culture were filtered, washed and starved of individual amino 
acids for 5 min before being pulse-labelled for 30 s at 30 °C with ?H-urtdine. The 
labelled RNA was hybridized in duplicate to plasmid pITS 9, which carries S. 
marcescens trpE, and the vector plasmid pACYC184 (ref. 24) The difference 
between these two values is indicated in the second column as a net per cent of 
the added Jabel which was bound to filters It is taken as a measure of readthrough 
transcription beyond the attenuator. 
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Fig. 2. Deletions in the.S. marcescens trp leader region that remove the putative translation start codon and regions beyond, increase or decrease transcription 
termination at the attenuator. Small numbers at the end of the deletion bars indicate the outermost positions of the deleted nucleotides. Deletions are grouped 
according to the position of the right-hand endpoints. Expression in vivo represents the level of rpE-encoded anthranilate synthetase produced in E. col: strains 
carrying a single copy of the mutant S. marcescens trp -leader region followed by an intact trpE gene. The numbers correspond to the per cent of the wild-type 


(S. marcescens) trpE expression in the same strain (W3110 opR AtrpLE1413 mmaA2/AgtSm4 wild type) 
ents. The experimental error 1s 20% of the values shown. For the determination of tpE enzyme levels the strains 


averaged from at least three separate i 


grown with an excess of tryptophan. The results are 


were grown at 30°C in minimal medium” supplemented with 0.1% glucose, 0.05% acid-hydrolysed casein and 50 pg ml“ of L-tryptophan. Cells were collected 
at a density of 6x 10*-7 x 10* per ml, washed with saline, resuspended in 0.1 M Tris-HCI (pH 7 8) and disrupted by sonication. Cell debris was removed by 
centrifugation and the levels.of anthranilate synthetase component I were determmed in the ammonia assay’. DNA sequence analyses were carried out by the 


` 


method of Maxam and Gitbert?”. a, Deletions which end before segment 1 cause superattenuation (see. accompanying paper)'®, b, Deletions which end ın or 
near segment 1B generally cause high readthrough. c, Deletions which end between segments 2 and 3 cause increased termination. d, Deletions which remove 
all of segment 2 and part or all of segments 3 and 4 cause high readthrough. 


excéption to this pattern. Note, however, that the deletion in 
206 allows nucleotides 17-20 (CCGU) to pair with segment 
2A at positions 104-107 (GCCG), thereby conceivably restor- 
ing hydrogen bonding between segments 1 and 2. 

The free energy of formation for the wild-type base-paired 
1:2 structure, calculated by currently recommended rules”, is 
AG = —4 kcal mol”. We believe that this value may be a gross 
underestimate of the true stability of this structure. We feel 
that the theoretical bases for stability predictions do not take 
into account the unusual sequences present in structure 1:2. 
In particular, the high pyrimidine content of the interior loops 
and the possible contribution of tertiary- interactions may 
markedly influence stability. From our observations we tenta- 
tively conclude that structure 1:2 is moderately stable.’ An 
alternative hypothetical structure can be deduced for 1:2, and 
will be discussed below. | 7 ! 

Deletions: which remove segments 1 and 2 result in superat- 
tenuation—ipE expression four- to sevenfold lower than that 


in wild-type (Fig. 2c). The behaviour of this class of deletions ` 


establishes that the terminator, 3:4, is the only secondary 
structure signal necessary to cause transcription termination at 
the attenuator. Deletion: of increasing portions of the loop 


region separating segments 2 and 3 confirm this conclusion; 
the extent of-termination in mutants of this class is essentially 
the same as in deletion mutants that simply remove the transla- 
tion start codon. Thus, superattenuation is observed whether 
or not 1:2 exists and can form. 

The final set of deletions are those having endpoints in region 
3 or beyond 4. (Fig. 2d). These result in high levels of operon 
expression, suggesting that there is little or no termination. 
Surprisingly, deletions 403 and 426 largely eliminate termina- 
tion yet they disrupt only one base pair of structure 3:4 (A-U, 
nucleotides 150 and 170). These deletions change the calculated 
AG for 3:4 from —21.6 kcal mol to —19:4 kcal mol™*. We do 
not know why these mutations have such a profound effect. In 
E. coli, the predicted stability of structure 3:4 in termination- 
deficient ‘mutants that show two- to fourfold increased 
expression of the operon: in vivo is reduced by ~50% (refs 5, 
20). All these mutations,. unlike the S. marcescens deletions, 
affect the central. GC pairs of the terminator. Deletion 502 
removes the entire terminator but the observed expression in 
this mutant is not as high as in deletion 503. Studies in vitro 
indicate that there is no transcription termination on templates 
with this deletion (I.S. and C.Y., unpublished). We hypothesize 
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that as this deletion ends 26 nucleotides upstream from the 
irpE structural gene, it interferes with ribosome binding and 
initiation of translation of ttpE mRNA. 


A curious effect of tryptophan starvation 


All the deletions described here remove the start codon for the 
leader peptide and consequently eliminate translation of the 
peptide-coding region. Nevertheless, we have found that every 
deletion mutant in which there is transcription termination at 
the attenuator responds to tryptophan starvation by exhibiting 
a 1.5~-2-fold increase in anthranilate synthetase levels (data not 
shown). In contrast, deletion mutants that do not terminate 
transcription at the attenuator have identical anthranilate syn- 
thetase levels whether starved of tryptophan or not. The expla- 
nation for this observation is unknown. Perhaps the small 
increase is due to some general effect of starvation on transcrip- 
tion termination; this effect is being investigated further. 


Alternative RNA secondary structures in 
the regulation of attenuation 


We have examined the effects on gene expression of 21 dele- 
tions with endpoints entirely within the leader region of the trp 
operon of S. marcescens. Although our functional analyses were 
carried out in E. coli, we have shown that in this heterologous 
system the wild-type trp operon of S. marcescens is regulated 
by attenuation in a qualitatively identical manner to the trp 
operon of E. coli, We find that deletions within the S. marcescens 
leader region which remove the leader peptide start codon and 
different segments of the region beyond may increase, decrease 
or have no effect on transcription termination at the attenuator. 
The positions of the deletion endpoints and their effect on gene 
expression are summarized in Fig. 3. It is apparent that as the 
right-hand endpoint extends further into the leader region, 
transcription termination increases, then decreases, then 
increases again and finally is eliminated entirely compared with 
the wild-type. These findings are most readily explained in 
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Fig. 3 Positions of right-hand deletion endpoints in S. marcescens trp 
leader mutants and the effect on tpE expression. The height of each bar 
represents the level of anthranilate synthetase produced during growth with 
tryptophan relative to the level observed in deletion mutants 503 and 504 
(set at 100). The range of S. marcescens trp operon expression varies 
30-60-fold in different deletion mutants. Maximum transcription termina- 
tion 1s observed ın the translation-defective deletion mutant, 311, in which 
readthrough occurs at ~10% that in wild type. By comparison, in the E 
coli intiation codon point mutant, trpL29, readthrough is ~25% that in 
wild type”° 
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Fig. 4 An alternative potential secondary structure in the S. marcescens 
trp leader transcript The secondary structure labelled 1:2 is formed by 
the pairing of segments of the transcript other than those paired in the 
structures depicted m Figs 1 and 2 Note that segment 2 is identical ın all 
the structures and can pair with either segment 1 or segment 3. The 
endpoints of the deletions described ın Fig. 2b are indicated. Some of these 
deletions reduce termination at the attenuator (see text). The calculated 
AG value for the hypothetical structure shown involving nucleotides 75-126 
is —23 kcal mol~’, and for the portion of the structure involving nucleotides 
88-109, -13 kcal mol~’. In making these estimates ıt was assumed that a 
G - U base pair is equrvalent to an A - U base pair. 


terms of the alternative secondary structure models schemati- 
cally represented in Fig. 1. 

Another potential 1:2 RNA secondary structure exists (Fig. 
4); this structure is predicted to be more stable than structure 
1:2 as drawn in Figs 1 and 2. However, the effect of deletions 
432, 302 and 301 is inconsistent with the structure in Fig. 4, 
for these deletions should not reduce termination if structure 
1:2 in Fig. 4 is correct, but should relieve termination according 
to structure 1:2 in Figs 1 and 2. In view of our findings, we 
prefer the secondary structure presented in Figs 1 and 2. 

Several studies on attenuation in the #p*77°7! and his™? 
operons support the assumption that changes in the secondary 
structure of the leader transcript mediate the regulatory 
response. The experiments described here were designed to 
test this assumption. The results obtained are in agreement 
with the secondary structure model and the expected con- 
sequences of deleting specific RNA segments that can partici- 
pate in base pairing. Thus, we believe that the ribosome translat- 
ing the leader transcript has no role other than sterically to 
prevent base pairing by the segment of RNA with which it is 
in contact. This conclusion is supported by the results of in vitro 
transcription studies with restriction fragments bearing the Ser- 
ratia deletions described here (I.S. and C.Y., in preparation). 
In these studies we have found that in a minimal transcription 
system consisting of restriction fragments and RNA poly- 
merase, the same pattern of increased termination and termina- 
tion relief seen in vivo with our deletion mutants is reproduced 
in vitro. We conclude, therefore, that when the RNA terminator 
forms, the transcribing RNA polymerase molecule recognizes 
that structure and transcription termination occurs. The role 
of translation, ribosome stalling and alternative RNA secondary 
structure formation, is simply to regulate formation of the 
terminator. 

These studies were supported by grants from the USPHS, 
the NSF and the American Heart Association. I.S. was a post- 
doctoral fellow of the American Cancer Society. C.Y. is a 
Career Investigator of the American Heart Association. We 
thank Magda van Cleemput for help with DNA sequence analy- 
ses and Roberto Kolter for stimulating discussions and a critical 
reading of the manuscript. 





38 


Nature Vol. 298 1 July 1982 


we O a 


Received 16 February; accepted 23 April 1982. 
1 Crawford, L P. & Stauffer, G. V A Rev. Biochem. 49, 163-195 (1980) 
2. Yanofsky, C Nature 289, 751-758 (1981). 
3. Platt, T. Cell 24, 10-23 (1981) 
4. Loe, F. & Yanofsky, C. Proc. natn Acad. Sct. U S A. 74, 4365-4369 (1977) 
5. Stauffer, G. V., Zurawsla, G. & Yanofsky, C. Proc. natn. Acad. Sel U S.A. 75, 4833-4837 


(1978). 

6 Zuraweki, G , Elseviers, D. Stauffer, G V & Yanofsky,C, Proc natn, Acad Sa. U.S A 
78, 5988-5992 (1978). 

7. Oxender, D., Zurawski, G. & Yanofsky, C. Proc natn. Acad Sci. U.S A. 76, 5524-5528 
(1979) 


8. Zuraweki, G., Brown, K., Killmgly, D. & Yanotsky, C. Proc. natn Acad. Sce: U S.A 15, 
4271—4275 (1978) 

9, Johnston, H M, Barnes, W. M, Chumley, F. G., Bos, L. & Roth, J. R. Proc natn 
Acad Sc. USA 72, 508-512 (1975) 

10. Gardner, J. F Proc. natn. Acad. Sci U S.A 76, 1706-1710 (1979). 

11 Gemmill, R. M , Wessler, S. R., Keller, E B. & Calvo, J.R Proc natn Acad Sa USA 
76, 4941-4945 (1979) 


12. Lawther, R P. & Hatfield, G. W. Proc. nam. Acad Sc. U.S A T1, 1862-1866 (1980) 

13 Nargang, F. E., Subrahmanyam, C S. & Umbarger, H. E. Proc. nam Acad. Sci U S.A. 
TT, 1823-1827 (1980) 

14. Mamon, M & Yanofsky,C J Bact. 126, 679-689 (1976). 

15. Hutchmeon, M A. & Beler, W L J. Bact 98, 109-115 (1969) 

16. Largen, M. & Beber, W L Genetics 75, 19-22 (1973) 

17 Mioman, G. F & Yanofsky, C Nature 276, 684—689 (1978). 

18 Stroynowsh, 1, van Cleemput, M & Yanofsky, C Nature 298, 38—41 (1982) 

19. Tinoco, I etal Nature new Biol. 246, 40-41 (1973) 

20. Zurawski, G. & Yanofsky, C J molec Biol 142, 123-129 (1980) 

21. Wmkler, M. E, Mullis, K., Barnett, J., Stroynowsh, I T. & Yanofsky, C Proc natn. 
Acad Sc. U.S.A 79, 2181-2185 (1982). 

22. Johnston, H. M. & Roth, J R. J. molec. Biol. 145, 713-734 (1980) 

23. Johnston, H. M & Roth, J. R. J. molec Biol. 145, 735~756 (1980) 

24. Chang, A C Y. & Cohen, S. J. Bact 134, 1141-1156 (1978). 

25. Nogel, H. & Bonner, D.M J bol, Chem 218, 97-106 (1956). 

26 Zalkın, M & Cling, D. Biochemistry 7, 3566-3573 (1968) 

27. Maxam, A. & Gilbert, W. Proc natn Acad Sai U SA 74, 560-564 (1977) 


NNO E EA 





Superattenuation in the tryptophan operon 
of Serratia marcescens 
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Deletions were generated in vitro in the leader region of the tryptophan operon of Serratia marcescens and subsequently 
incorporated into the Escherichia coli chromosome in single copy form. Deletions which removed the translation start 
codon for the leader peptide or which ended in the ribosome recognition region preceding the leader peptide coding 
segment, caused superattenuation, that is, increased transcription termination at the attenuator. Apparently, the capacity 
to initiate translation of this coding region modulates expression of the operon. 





THE tryptophan (trp) operon of each of the six enterobacterial 
species that have been studied (refs 1-5 and M. Blumenberg 
and C.Y., in preparation) is controlled at the level of transcrip- 
tion termination by a mechanism called attenuation. In each 
trp operon, translation of a short peptide coding region in the 
initial, leader segment of the transcript seems to regulate the 
formation of alternative secondary structures, one of which is 
recognized by RNA polymerase as a transcription termination 
signal. It has been proposed that in celis which have an adequate 
supply of Trp-tRNA‘*”, translation proceeds to the end of the 
coding region, thèreby favouring formation of the RNA second- 
ary structure that serves as the termination signal. However, 
when most of the cellular tRNA?™ is uncharged, the ribosome 
translating the peptide coding region of the transcript stalls at 
one of two adjacent Trp codons, generating an alternative RNA 
secondary structure that excludes formation of the termination 
structure. 

Studies with Escherichia coli mutants defective in the regula- 
tion of transcription termination at the trp operon attenuator°® 
suggest that translation of the peptide coding region is utilized 
for two purposes. First, translation mediates the regulatory 
response to changes in the level of charged tRNA™”. Second, 
translation establishes the moderate level of transcription read- 
through that is characteristic of cultures growing with excess 
tryptophan. Thus, there is fourfold increased transcription 
termination at the attenuator of a leader mutant in which the 
start codon for the leader peptide has presumably been inacti- 
vated. This observation suggests that attenuation is modulated 
by the ability to initiate translation as well as by tryptophan 
availability. 

Here we describe the production of deletions within the trp 
leader region of Serratia marcescens and analyse the effects of 
those that alter RNA segments believed to be essential for 





* Present address: Division of Biology, California Institute of Tech- 
nology, Pasadena, California 91109, USA. 


initiation of synthesis of the leader peptide. Our findings indi- 
cate that elimination of translation initiation results in increased 
transcription termination at the attenuator, or superattenuation. 


Directed in vitro deletion mutagenesis in the 
trp leader region of $. marcescens 


Deletions were generated around the Hpal site at position 
34/35 of the leader region by limited digestion with Bal31 
exonuclease’ (Fig. 1a). This exonuclease acts quasi-processively 
at both 3’ and 5’ termini of double-stranded DNA to release 
5’ mononucleotides; digestion predominantly produces blunt 
ends’. There are two Hpal sites in the trp regulatory region; 
trp repressor was added to protect the Hpal site in the promoter. 
However, as Bal31 digestion of the promoter would inactivate 
it, strains with such deletion plasmids would not be detected 
in the subsequent step requiring trpE expression. Following 
Bal31 digestion, ligation and transformation, plasmids were 
isolated from individual transformants and screened for dele- 
tions in the desired region by examining the size of the single 
EcoRI fragment that contains the trp regulatory region, and by 
mapping restriction sites within the fragment. The distribution 
of deletion endpoints in the mutants was further characterized 
by DNA sequence analysis? and is shown in Fig. 2. There is 
asymmetry in the length of the segment deleted on either side 
of the Hpal site, presumably because deletions extending into 
the trp promoter are not recovered. 


Expression of deletion mutants 


The effect of the deletions on attenuation was determined after 
introducing each deletion into the chromosome, in single copy 
form, as outlined in Fig. 15. Briefly, phage AgtSm4Cm*‘ was 
grown in a bacterium with each deletion plasmid and the lysate 
obtained was used to transduce a trpR trpE deletion strain to 
Trp*. Control experiments showed that lysogens prepared with 
a homologous phage that ‘has tpE~* and the 22 base pairs 
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Fig.1 Deletion mutagenesis of the trp leader 
region of S. marcescens (a) and introduction 
of deletions into the E. coli chromosome (b). 
Deletions were generated in plasmid pSM12‘. 
The EcoRI fragment containing the regula- 
tory region of the S marcescens trp operon ts 
shown enlarged at the top of the figure (a). 
Number + 1 corresponds to the presumed site 
of transcription initiation The ‘in-phase’ 
AUG and UAA codons indicate the potential 
coding region for the leader peptide. Dele- 
tions were generated around the Hpal site at 
position 34/35. To ensure preferential cutting 
at this site, partial digestion with Hpal was 
done ın the presence of E. coli trp repressor, 
which is known to protect the Hpal site at 
postion —11/~—12 from cleavage*. 20 ug of 
partially digested DNA was treated with 
Bal31 exonuclease ın a reaction mixture con- 
taining 20 mM Tris-HCI pH 8.1, 200 mM 
NaC], 12 mM CaCl,, 12 mM MgSO, and 1 
mM Na, EDTA in a 300 pl total volume. The - 
.Teaction mixture was mcubated on ice and 
samples were taken after 1 and 15 min, the 
muxture was transferred to room temperature, 
and samples were taken after an additional 1, 
4 and 6 min The reactions were stopped by 
adding 10 mM EDTA pH 8 and the DNA 
precipitated with ethanol. 1 ug of DNA from 
each sample was resuspended in 200 yl of 
ligation buffer (60 mM Tris-HCl pH 7.6, 10 
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mM MgCl, 1 mM ATP). The mixtures were incubated in the presence of T4 DNA ligase for 2-4 h at room temperature and used directly to transform E. col 
strain JA221 (C600 r-m* A trpES thr leu recA) to Trp*. The plasmid DNA from the transformants was analysed by digestion with EcoRI and HinfI restriction 
enzymes. Approximately 25% of the plasmids carried a deletion of the Hirfl site at postion 43/47 and preserved the Integrity of the EcoRI sites bordering the 
trppoL region These plasmids were used to transform W3110 tpR A tpES maA2 to Trp* and were analysed further by sequencing*. The regulatory region 
contaming each deletion was transferred to phage A and then into the E coli chromosome by general recombination and lysogenization as shown schematically 
in b. To promote recombination, E. colt recA* strains containing the mutant plasmids were infected lytically with bacteriophage A gtSm4Cm’. The lysates were 
used to lysogenize strain W3110 tpR A trpES maA2 at a permissive temperature (30 °C). The recombinants were identified as Trp” prototrophs, temperature 
sensitive and unable to grow in the presence of 25 ug ml— of chloramphenicol To ensure single copy lysogeny the mfections were performed at low multiplicity 
(<0.001). Bacterrophage AgtSm4Cm' was constructed by recombinant DNA techniques using DNA from A gt4 (Ron Davis, personal communication), pSM12* 


and pACYC184?”, 


preceding it intact, but lacks the S. marcescens ttpPOL EcoRI 
fragment, have less than 0.1% of the wild-type level of anthrani- 
late synthetase (trpE*) activity and are phenotypically Trp’. 
Thus, trpE~ expression from our leader deletion lysogens must 
originate at the trp promoter in the EcoRI segment. This con- 
clusion was substantiated by introducing #pR* into some of 
these strains and showing that tpE expression was under trp 
repressor control. 

In Fig. 3 we indicate the sequence of the leader transcript 
segment containing each deletion junction. Also shown is trpE 
expression relative to that of a control culture containing the 
unaltered wild-type leader region. The first four deletion 
mutants, 204-208, have the wild-type sequence in the ribosome 
binding region for leader peptide synthesis’. These strains 


Hpal 


Bal3 | Bal 3! 


Fig.2 Distribution of deletion endpoints 
m the S. marcescens trp operon leader 
region Numbering is from the presumed 
site of transcription initiation. The site of 
Hpal cleavage and direction of Bal31 
digestion are indicated by arrows The 
nucleotide sequence of the first 10 


residues is shown on the left. SEX 


exhibit wild-type levels of anthranilate synthetase and respond 
to tryptophan starvation by a four- to five-fold increase in 
synthetase levels. The fifth deletion mutant, 102, has half the 
wild-type levels both in the presence of and following starvation 
for, tryptophan. Note that the sequence in the ribosome binding 
region is altered although homologous GAG sequences are 
located slightly earlier than in wild type. We interpret the 
findings with this mutant as indicating that translation initiation 
does occur at the 102 AUG start codon but is somewhat reduced 
in frequency relative to that of the wild type. 

The second group of deletions, represented by seven indepen- 
dently isolated deletion plasmids, have a considerably different 
effect. Strains with these deletions have 8-10-fold reduced 
anthranilaté synthetase levels compared with the wild type; 
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Fig. 3 The nucleotide sequence of the segments of the leader transcript 
containing deletion junctions. The former positions of the fused nucleotides 
are indicated by small numbers. The mutant sequences are aligned at 
wild-type position 55 and compared with the wild-type sequence at the top 
and bottom of the figure. The presumed initiation codon is boxed by a 
heavy line, while the AUG which is thought not to function as a translation 
initiation codon is boxed by a thin line. Nonsense UGA codons which are 
in phase with AUG codons are bracketed. Complementarity to 165 rRNA 
is underlined by wavy lines. Vertical broken lines show the region thought 
to be important in ribosome binding and initiation of leader peptide syn- 
thesis. Numbers referring to expression in vivo refer to per cent of wild-type 
trpE expression measured in the same strain containing the wild-type region. 
Growth conditions and assays of trpE enzyme activity are described in Fig. 
2 legend of the accompanying paper. 


these levels are increased only slightly when the strains are 
starved of tryptophan (see accompanying paper’’). These dele- 
tions have in common changes in the nucleotide sequence of 
the ribosome binding region. However, in each case we can 
indicate some new sequence that is complementary to the 3’ 
end of 16S rRNA. We interpret these findings as indicating 
that in these deletions there is little or no translation initiation 
at the normal AUG start codon, and that the absence of 
translation is responsible for reduced trpE expression. The final 
mutant, 307, deletes through the start codon; it behaves indis- 
tinguishably from the preceding group of seven. 

At the bottom of the Fig. 3 we present the sequence of the 
first 28 nucleotides of the transcript. There is a potential AUG 
start codon at positions 26-28 that is in-phase with the AUG 
at 53-55. We believe that this AUG codon is not used as a site 
of translation initiation, for the following reasons. First, dele- 
tions which remove this region are phenotypically indistinguish- 
able from wild type. Second, fusion of this region in deletions 
101 and 208 places the first AUG out of phase with the second 
AUG, but in-phase with a UGA stop codon that overlaps that 
second AUG. If the first AUG were used as a site of translation 
initiation we would expect that translation from this site would 
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interfere with in-phase translation of the tryptophan codons, 
which must occur in view of the tryptophan starvation response. 
Thirdly, if translation were initiated in wild type at the first 
AUG, several amino acid residues including Arg would be 
added at the amino-terminal end of the leader peptide. Yet 
arginine starvation relieves transcription termination at the 
attenuator’, implying that in the absence of this amino acid a 
ribosome can reach—and stall at—the Arg codon located 
immediately following the tandem Trp codons. Finally, there 
are no sequences resembling a Shine-Dalgarno sequence in the 
appropriate segment of the transcript (Fig. 3). 


Significance of reduced operon expression 
in mutants with altered 
leader peptide translation initiation regions 


The increase in transcription termination at the attenuator in 
deletion mutants implies that in wild type there is some mechan- 
ism responsible for establishing a moderate level of transcrip- 
tion readthrough and hence operon expression in cultures 
growing with excess tryptophan. The superattenuating deletions 
have in common changes in the sequence of nucleotides 
believed to be required for efficient ribosome binding; these 


changes presumably result in reduced initiation of synthesis of 


the leader peptide. , 

Alternatively, the leader segments could contribute to an 
RNA secondary structure involved in regulation. However, as 
deletions 204, HPA2, 101 and 208 lack segments of the same 
region yet exhibit wild-type expression and response, it seems 
likely that a defect in translation initiation is responsible for 
the observed reduction of expression. This interpretation leads 
to the conclusion that normal translation of the leader peptide 
coding region proceeds concomitantly with transcription and 
that ribosome movement or position is responsible for the 
moderate level of expression seen in wild type. In accordance 
with the model proposed previously’ and supported by the 
findings in the accompanying paper'’, we conjecture that the 
anti-termination secondary structure, 2:3 forms occasionally 
when a ribosome translates the peptide coding region. This 
could occur by transitory masking of segment 1 by a sluggish 
ribosome, occasional pairing of segments 2 and 3 as the ribo- 
some dissociates from the stop codon, or masking of segment 
1 by a second ribosome on the transcript. The role of transcrip- 
tional pausing'’ in the synchronization of transcription with 
translation must be investigated before these or other explana- 
tions can be realistically distiguished. 

Regardless of the basis for the moderate expression in wild 
type, our findings indicate that superattenuation could be used 
by the bacterium to achieve a level of trp operon expression 
well below that characteristic of cultures growing in the presence 
of excess tryptophan. Thus, if a cell were incapable of initiating 
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Fig. 4 A sequence of possible evolutionary events 

leading to the present-day nucleotide sequences of 

the trp leader regions of various enterics. In reality 

the postulated deletion event would have taken place 

in a common ancestor of the Enterobacteria, which 

could have had a nucleotide sequence somewhat 
similar to that of $, marcescens. 
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translation of the leader coding region, for whatever reason——a 
deficiency of formylating activity, lack of an initiation factor or 
a drastic decrease in the number of available ribosomes—this 
would be recognized as a signal to superattenuate. If this feature 
is common to all instances of attenuation control of amino acid 
biosynthetic operons, it is apparent that attenuation may be 
used generally to attain a greater range of operon expression 
than had previously been thought possible. Two mutations of 
the his operon leader region support this hypothesis’*:'*. They 
are phenotypically similar to our superattenuating deletions 
and are altered in the region potentially involved in translation 
initiation in Ais leader peptide synthesis. Studies on rp mRNA 
synthesis in trpR strains of E. coli following a nutritional or 
carbon source shift-up suggest that _ouperatenuaton may occur 
naturally in the wild-type operon’ 

Tryptophan starvation in strains with either the E. coli or S. 
marcescens wild-type trp operon results in operon expression 
approaching the level seen in leader deletion mutants that lack 
the attenuator. This finding suggests that in tryptophan starva- 
tion conditions translation initiation must be so efficient that 
virtually every trp mRNA molecule has a ribosome stalled over 
the Trp codons of the leader transcript. The view that the leader 
ribosome indige site is efficient is supported by in vivo and in 
vitro studies’* 


Possible duplication in the S. marcescens 
leader region 


Comparison of the initial segment of the trp leader regions of 
several enterobacteria (Fig. 4) reveals that $. marcescens seems 
to have a 25-base pair insert. This region in $. marcescens 
contains a putative start codon that is in phase with the func- 
tional start codon at 53-55 (Fig. 2). The role, if any, of this 
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extra segment is brought into question by the findings discussed 
earlier that deletions that remove this segment have no detect- 
able effect in vivo on attenuation and its regulation. The RNA 
segment bases 3-19 can form a weak secondary structure with 
segment base 23-37 (see accompanying paper’’); however, we 
know of no functional role for this pairing. We must consider 
the possibility, therefore, that the insert is a remnant of an 
ancestral sequence that once had a function. The sequence of 
a segment of the insert is strikingly similar to a proximal 
sequence, suggesting that the insert arose as a consequence of 
duplication. Presumably, a portion of one of the duplicated 
segments was deleted in the evolution of leader regions of the 
E. coli type. A sequence of possible evolutionary events is 
depicted in Fig. 4. One might imagine that the duplication arose 
initially in response to selection for a more efficient ribosome 
binding site or a requirement for simultaneous translation by 
two ribosomes. Some time thereafter the weaker of the two 
ribosome binding sites was inactivated to give the present-day 
sequence of $. marcescens, or deleted to produce the E. coli 
arrangement. In this regard it is of interest that trpG and trpD 
are separate, adjacent genes in S. marcescens* whereas in E.. 
coli and other enterobacteria these genes are fused in what 
seems to be a more advantageous arrangement. Both this in- 
stance and the existence of the apparent non-functional insert 
in the S. marcescens trp leader region suggest that the trp operon 
of $. marcescens may be more primitive than its counterpart 
in E. coli. Support for this view awaits specific tests of the 
functional significance of the different genetic arrangements, | 
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We report here the identification of the soft X-ray source 
H0139—68 with a star at RA=O1h 39min 37.55, dec= 
—68° 08' 32” (1950). Time-resolved spectrophotometry of the 
star over 3h shows a V magnitude variation between 14.9 and 
16.4 with a period of ~110 min. The spectra are dominated by 
emission lines of neutral hydrogen, neutral helium and singly 
ionized helium throughout the period. The line ratios of the 
Balmer lines H,/H, and the He 1 lines are flatter relative to 
case B recombination values, while the He 0 ratios are con- 
sistent with optically thin recombination. The mean radial 
velocity of the emission lines varies with the photometric period 
roughly sinusoidally from 340 to —150 kms’. The continuum 
is very red at maximum light, flat at minimum and shows strong 
polarization. These optical characteristics of the candidate star 
are similar to those of the magnetic cataclysmic variable AM 
Herculis. 


The candidate star is marked X in Fig. 1, along with the 
X-ray source error circle of radius 36 arcs (ref. 1). Spec- 
trophotometric observations of the candidate star were 
obtained on the night of 6 October 1981, with the 1DPCA’ at 
the f/8 cassegrain focus of the Mount Stromlo Observatory 


- 1.9-m telescope. We obtained 17 spectra of the candidate star 


in the time interval 15 h 20 min UT to 18h 20 min UT, with a 





Fig. 1 The circle of diameter 72 arcs defines the X-ray source 

location, and X marks the optical identification with HO139 — 68. 

The coordinates of X are RA=01h39min37.5s, dec= 

~68° 08' 32” (1950). The star marked Y shows a late-type 
spectrum with no variability. 
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Table 1 Line ratios in H0139 —68 





Brightness Her Hen 
phase H/H, 45,016/A4,471 A5,876/A4,471 A5,411/A4,686 
Minimum 0.81 0.70 1.16 0.08 
Rising 0.87 0.76 1.12 0.05 
Maximum 0.83 0.64 1.24 0.05 
Falling 0.78 0.67 1.21 0.04 


time resolution of 10 min. The spectra cover the wavelength 
region 4,000-6,100 A with a resolution of 3.2 A. The star and 
sky apertures used had dimensions 3 x7 arcs with a separation 
of 160 arcs. The absolute energy distribution of each sky- 
subtracted, wavelength-calibrated scan was computed by 
calibration of standard stars? observed in the same way as the 
candidate star. The sky transparency and seeing were good 
during the night, and the mean relative error in absolute flux 
is estimated to be 5%. Star Y in Fig. 1 was also observed, and 
found to have a late-type stellar spectrum, with no evidence 
for variability. 

The apparent magnitude in the conventional V band has 
been computed for each scan, and is plotted as a function of 
time in Fig. 2a, where both universal time (UT) and Julian day 
(JD) of observation are given; 2c error bars and the observa- 
tional dwell time are also indicated. Figure 25 shows the corres- 
ponding variation with time of the fluxes computed in the lines 
of H 1, He I and He NI. 

The significant feature in the visual light curve (Fig. 2a) is 
the deep minimum observed which is as much as 1.5 mag in 
amplitude and appears to repeat after ~110 min. Recent 
observations of the star* support the reality of this period. The 
emission line fluxes (Fig. 2b) also show variation with time, 
though with smaller amplitudes. Furthermore, the radial vel- 
ocity of the emission lines (Fig. 4) shows a sinusoidal variation 
with a period about 110 min. 

The above behaviour reveals that Star X is an eclipsing system 
where the deep minimum in the light curve corresponds to the 
mid-point of the primary eclipse. The unusual length of the 
primary eclipse (about 0.5 period) as well as the domination 
of the spectra during this period by emission lines indicate that 
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Fig.2 a, The spectrophotometrically derived apparent V magni- 
tude light curve for the star X: 2g error bars, and observation 
dwell times are shown. A period of ~110 min is apparent. b, The 
emission line fluxes as a function of time of observation: 2g error 
bars are shown. O, H 1; @, He 1; A, He n. 
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Fig. 3 The spectrum of star X at maximum (a) and minimum 
(b). Each spectrum is the average of four 10-min observations, 
and the spectra have been Fourier filtered to remove high- 
frequency noise. Emission lines due to H1, Hel, He m, C m and 
N m are marked, residual night-sky features are labelled NS. The 
continuum is very red at maximum, and flat at minimum. The 
line-widths are smaller at minimum, as indicated by the resolved 
N m (A4,640), C m (A 4,647) feature. 


the change of light that we see during the eclipse is not due to 
the primary star but mostly from a heated region a few radii 
from the primary. AM Herculis exhibits a similar light curve 
with a period of 186 min (ref. 5). 

Figure 3 shows the absolute energy distribition of star X 
during its maximum and minimum brightness phases. Each 
spectrum shown is the average of four 10-min scans selected 
from the light curve at appropriate phases. Jt can be seen that 
the spectra are dominated by emission lines of H1, HeI and 
He 1: a feature due to N m1 (A 4,640) and C m (A 4,647) which 
is commonly seen in X-ray counterparts, is also apparent and 
is resolved at minimum. A detailed look at all the spectra 
indicates the presence of emission lines throughout the binary 
period (Fig. 25). 

The line ratio of the Balmer lines H,/H,g, given in Table 1, 
is found to vary little with phase. It is flatter relative to the case 
B recombination value for an optically thin gas®*. This is true 
also for the He 1 lines and indicates that the emission regions 
observed are optically thick in these lines. Also the high value 
of 0.8 for the ratio of H,/Hg is suggestive of collisional excita- 
tion as well and implies an electron density as high as 10'® cm™ 
in the line emitting regions’. 

Thus the emission spectrum of H 1 and He I reveal the pres- 
ence of regions in the system which are optically thick and 
collisionally dominated. On the other hand, He n line ratios 
(Table 1) are consistent with optically thin recombination 
radiation indicating stratification of the line emitting regions. 
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Note that we do not see any stellar absorption features in 
the spectra at any phase. We deduce that any underlying stellar 
continuum contribution is <10% of the measured flux implying 
an apparent Vine, Of 19 or fainter for any unseen stellar system. 

More information on the line-emitting region can be obtained 
from the radial velocity data. The stronger H 1, He I and He 0 
lines have been fitted with gaussians to determine the line 
centres and line widths for each line of each scan separately. 
The measured line’ widths (ø of the fitted gaussian, expressed 
as velocity dispersion) have been corrected for instrumental 
broadening by quadratically subtracting the measured arc line 
width of 130 kms™*. We are unable to detect any multiple 
components in the lines at any phase, but the instrumental 
resolution is insufficient to detect the presence of sharp com- 
ponents as seen in AM Herculis®. The radial velocity curve 
given in Fig. 4a shows a roughly sinusoidal variation with mean 
amplitude of 2K =490kms™, asymmetrically distributed 
about velocity zero (with respect to the Sun). The line widths 
of the emission lines (Fig. 45) also change with phase, with 
both maximum recessional velocity and maximum line width 
occurring near maximum light. The higher ionization species 
Hel, He n display higher maximum recessional velocity and 
higher broadening at maximum than do the HI lines. These 
differences are significantly greater than the mean errors for 
single velocity or width determinations, which are indicated in 
Fig. 4b. 

Part of the asymmetry in the radial velocity curve may be 
due to the unknown systemic velocity, but the large amplitude 
and variation in the line width with phase imply the presence 
of a gas stream. The radial velocity of the system is then 
dominated by streaming motions of a single mass transfer 
stream directed towards the primary. The orbital notion com- 
ponent for a typical system (with a red dwarf of mass ~0.2 Mo 
and a white dwarf of mass 0.3 Mo) is derived as 80 km s~}, with 
a maximum of 170 kms~' for a white dwarf mass of ~1.4 Mo. 
Higher orbital velocities imply the presence of a large mass 
secondary which would be too luminous not to be seen. This 
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Fig. 4 a, The emission line radial velocities (w.r.t. Sun) of H 1 
(O), He 1 (@) and He 1i (A) as a function of time of observation: 
2o error bars for a single observation are shown. b, The velocity 
dispersion (o of fitted gaussian) of the emission lines as a function 
of time of observation. The instrumental broadening measured 
on arc lines has been quadratically subtracted. This figure shows 
that both maximum radial velocity and maximum velocity disper- 
sion are higher for higher ionization species. There is some indi- 
cation of phase shift between the different species. 
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Fig. 5 The continuum flux as a function of phase. The marked 
points are the mean fluxes in regions away from emission lines, 
with freehand fits to the points shown. There is indication of 
cyclotron absorption troughs at maximum, at A4,500 and A5,400. 


mass transfer stream is consistent with models of AM Her- 
culis™!° and VV Puppis’’ in which a single mass transfer stream 
from a late-type star overflowing its Roche Lobe, is funnelled 
down onto a magnetic white dwarf primary, with the magnetic 
field lines constraining the mass flow. In this model the velocity 
width would be due to the line-of-sight sampling of a range of 
velocities along the falling gas stream. The varying angle 
between the line-of-sight and the gas stream would account for 
the variation in line width with phase. The higher maximum 
recessional velocity and larger width of the higher ionization 
species, indicates that they originate closer to the primary, 
where the velocities are higher. 

The absolute energy distribution in the continuum between 
4,200 and 6,000 A has been computed by averaging the line- 
free regions of each spectral scan, and plotting these points 
against wavelength for four different parts of the light curve 
(Fig. 5). It can be seen that the continuum is reddest during 
the rising and bright phases of the system, while it is flat during 
the faint and falling phases. This variation of the continuum is 
also seen in AM Herculis!’ and VV Puppis”’. 

If we accept the model of matter transfer onto a magnetic 
white dwarf primary, then we might expect to see both linear 
and circular polarization in the optical continuum, due to the 
presence of cyclotron radiation at optical frequencies. Note 
that there is a suggestion of cyclotron absorption harmonics at 
4,500 and 5,400 Á in the continuum at maximum (Fig. 5) and 
preliminary linear polarization observations indicate that the 
continuum is polarized as high as 7% close to maximum’. 

In summing up the evidence for this optical identification, 
we note that periodic variation of the continuum, line emission, 
and radial velocity of the candidate star reveals that the star is 
an eclipsing system. The spectra have bright emission lines of 
Hi and Hel originating in optically thick and high density 
regions in the system. The nearly sinusoidal radial velocity and 
velocity width variations with phase indicate the presence of a 
gas stream falling into the primary. The continuum colour varies 
with phase. Linear polarization of the continuum supports the 
cyclotron origin for the continuum observed, implying the pres- 
ence of a magnetic white dwarf in the system’*. Fast photoelec- 
tric photometry of the Star X indicates flickerings on a time 
scale of 1008 or less*. All these observed characteristics of the 
candidate star are seen in the binary system AM Herculis?’ 
which has been identified with a soft X-ray source’*. Within 
36 arcs of the Star X there is the X-ray source H0139—68 
(ref. 1), a source originally detected with the low energy detec- 
tors of HEAO A-2 experiment and found to be highly variable 
over periods as short as 3 h. No flux was detected above 0.4 keV 
indicating a soft spectrum. Observations with the image pro- 
portional counter of the Einstein observatory confirmed the 
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variability of the source and the presence of flickering on a time 
scale of 20 s or less. 

Thus, the remarkable similarity between Star X and AM 
Herculis and the presence of the variable X-ray source H0139 — 
68 very near to Star X, establish the Star X, anew AM Herculis 
type system, as the optical counterpart of H0139 - 68. 

We thank P. C. Agarwal and G. R. Riegler for intimating 
the position of the variable X-ray source in advance of its 
publication. A. J. P. acknowledges the support of an Australian 
National Univérsity postgraduate scholarship. 
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An axisymmetric octupole model of Saturn’s planetary magnetic 
field is proposed here. This three parameter model, character- 
ized by the Schmidt-normalized spherical harmonic coefficients 
g? =21,535 nT, g3 = 1,642 nT and g3 = 2,743 nT, is extremely 
efficient in representing the main magnetic field of Saturn and 
reconciling the in situ magnetic field observations obtained by 
Pioneer 11 with those obtained by the Voyager 1 and 2 space- 
craft. Saturn’s unique magnetic field configuration is thus not 
that of a simple displaced dipole but rather appears to be the 
axisymmetric part of a complex dynamo field. This result is 
consistent with Stevenson’s model of the interior of Saturn’, in 
which the differential rotation of a metallic fluid shell above 
the active dynamo region attenuates all non-axisymmetric com- 
ponents of the dynamo field. . 

The first in situ observations of the magnetic field of Saturn 
were obtained by the Pioneer 11 spacecraft in September 
1979 2°. Charged particle and magnetic field data both revealed 
a near perfect alignment of Saturn’s magnetic dipole and rota- 
tional axes. Subsequent spherical harmonic analyses of the 
Pioneer 11 vector helium magnetometer observations‘ led to 


90° 
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Fig.1 Magnetic field intensity as a function of latitude on Saturn’s 

oblate (flattening = 10.6) surface. Bold solid (dashed) line is the 

field intensity at north (south) latitudes corresponding to the Z3 

model (see text). Light lines indicate the field intensity of the offset 

(~0.04 Rs) dipole model and the dotted line corresponds to a 
simple centred dipole with 0.21 G — R3 moment. 


a model of Saturn’s magnetic field (‘Nominal 79 dipole’) charac- 
terized by a dipole of 0.2 G— Rg (where 1 Saturn radius Rs is 
60,000 km) aligned with Saturn’s rotation axis and offset to the 
north along the rotation axis by 0.05 Rs. [The units G—Rg are 
dimensionally equivalent to standard units of magnetic dipole 
moment, the numerical value having been divided by the cube 
of the planetary radius.] Acuña et al.° considered an axisym- 
metric potential expansion of Saturn’s magnetic field to order 
n =2 (quadrupole) and obtained from the Pioneer 11 fluxgate 
observations a g? coefficient of 1,500 nT, equivalent to a north- 
ward displacement of the dipole by ~0.04 Rs. 

The Voyager 1 encounter with Saturn in November 1980° 
presented a second opportunity to study Saturn’s planetary 
magnetic field. Voyager 1 approached to within 3.07 Rs of 
Saturn and obtained the first observations of Saturn’s magnetic 
field at high latitudes (to 41°S). Analyses of the Voyager 1 
observations confirmed many aspects of Saturn’s main field 
deduced from the Pioneer 11 observations but did not confirm 
the inferred northward displacement of the dipole*’. The near- 
equatorial Pioneer 11 approach to within 1.35 Rs yielded 
observations confined to a more limited range of latitude (+6°). 
The recent Voyager 2 encounter with Saturn (periapsis: 
2.69 Rs) in August 1981 ° provided additional observations of 
Saturn’s field at both high northern and southern latitudes 
(+30°). We now report the first internal field analyses to include 
the Voyager 2 vector magnetic field observations. 

Our analysis of the magnetic field observations at Saturn uses 
the traditional spherical harmonic expansion of a scalar poten- 
tial V from which the magnetic field is obtained through 
B =—VV (ref. 9). This representation requires that no sources 
be present within the minimum spherical shell enclosing the 
observations, and/or the region of representation, that is, that 
the volume of space Tmin <P < Tmax contains no electrical currents 
(V x B =0). The planetary field is characterized by the Schmidt- 
normalized coefficients g7, hī associated with the terms in V 
which decrease with increasing r. The external field is approxi- 
mated by the first-order expansion corresponding to a uniform 
external field (G2, G! and H1). The external field is due 
primarily to an equatorial azimuthal ring current of ~7 x 10° A 
flowing between ~8 and 16 Rs (ref. 10). We therefore confine 
our analysis and modelling to observations obtained inside of 
8 Rs. We use 48-s averages of the vector magnetic field data 
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Table 1 Model fits of Saturn’s magnetic field from Voyager 1 and 2 





observations 
Unconstrained (^ max = 2) Axisymmetric (nmax = 3) 

V1 V2 V1+V2 v1 V2  V1+V2 
gt 21,302 21,912 21,439 21,576 21,433 21,535 
gi 455 23 -143 2 _ : 
hi 343 -176 143 = = = 
Bo 535 1,908 1,882 1,715 1,643 1,642 
ga 318 —1,452 —515 = 2 5 
ga 1,016 1 500 = Š È 
h} —815 —551 —433 2 = = 
h2 851 351 —36 5 = = 
g? = i = 2,686 2,583 2,743 
G$ —9 —10 —9 —11 —8 —10 
G! 0 <2 =i 0 =j =i 
H} 2 =i 0 0 19 0 
r.m1.8. 1.9 2.4 3.1 3.0 2.5 3.2 
Equivalent offsets (Rg): 
Ax +0.0093 —0.0384 —0.0137 
Ay —0.0222 —0.0142 —0.0120 


Az +0.0125 +0.0436 +0.0439 





All entries are in nT. 
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Fig. 2 Relative magnitude of the zonal harmonic (g?) terms of 
the Earth’s magnetic field and the Z, zonal harmonic model of 
Saturn’s magnetic field. 


obtained at 60-ms intervals to obtain least-squares model fits 
to the observations, with one exception. Data obtained by 
Voyager 2 during two brief roll manoeuvres performed near 
closest approach are included as field magnitude observations 
only, as the orientation of the spacecraft during these ma- 
noeuvres is uncertain (~2°). All of the models were obtained 
assuming equal weights for the individual observations and 
using the nonlinear inversion techniques described previously”, 

Our search for an appropriate physical model for Saturn’s 
internal magnetic field can be traced through the model fits 
tabulated in Table 1. The notation JjEk denotes a spherical 
harmonic expansion with internal (I) coefficients to degree and 
order j and external (E) coefficients to degree and order k. 
Analyses of the Voyager 1 and 2 observations individually in 
terms of a physical model including dipole (n = 1) and quad- 
rupole (n =2) terms only leads to best fit parameters which, 
with the exception of the main dipole g? term, show little 
reproducibility from one spacecraft encounter to another. In 
particular, the expected north polar offset (g2) obtained from 
the Pioneer 11 observations** is not to be found in the Voyager 
1 (V1) [2E1 model fit, but it does appear in the Voyager 2 
(V2) [2E1 fit (the spatial offsets of an equivalent tilted dipole 
derived from the 72 coefficients are listed at the bottom of 
Table 1). An J2E1 model fit to all of the Voyager observations 
results in reduced non-axisymmetric terms (m #0) and a g? 
appropriate to a northward offset. 

These results, and inferences on the axisymmetry of Saturn’s 
magnetic field drawn from the charged particle observations at 
Saturn’*”*, and current models of Saturn’s interior’, motivated 
a conceptual model and inversion technique which favours zonal 
(m =0) harmonics over tesseral (n >m > 0) and sectorial (n = 
m) harmonics. We accomplish this by introducing a renormaliz- 
ation of the model parameters ġ = g™/100 (m #0). This is 
equivalent, in our search for a minimum length solution to the 
least-squares minimization, to a priori knowledge of the uncer- 
tainties of the parameter estimates’*. This technique has the 
advantage that it allows non-axisymmetric components (m # 0) 
of the model to be introduced after the zonal harmonics to 
assess their importance. Details regarding the method of con- 
structing solutions by sequential introduction of (independent) 
parameters can be found in refs 11, 15. 

The results of these ‘constrained’ model fits are summarized 
in Table 1. Each solution uses only 3 of the 15 internal field 
parameters of an [31 spherical harmonic expansion since we 
found that inclusion of non-axisymmetric internal field terms 
offered minimal improvement in the model fits. Analysis of the 
V1 and V2 observations individually in terms of a physical 
model consisting of zonal harmonics to the order of n =3 leads 
to very consistent results. That is, the V1 model does an excel- 


lent job of predicting the magnetic field observed by V2 ina 
very different region of space, and vice versa. Thus, this third- 
order zonal harmonic model behaves as a proper model whereas 
models including dipole and quadrupole terms only do not. 

We therefore propose as a model of Saturn’s planetary mag- 
netic field the third-order zonal harmonic model fitted to both 
V1 and V2 observations, listed in Table 1 and hereafter desig- 
nated as the ‘Z,’ model (zonal of order 3). No equivalent offsets 
are listed for the axisymmetric models because the relative 
magnitudes of the derived gi terms are inconsistent with a 
simple axially offset of the dipole. The ratio g3/g9 is too large 
by a factor of ~30 to be attributed to a dipole offset. 

The Z, model is an extremely efficient representation of 
Saturn’s planetary field, requiring only three parameters. It fits 
the combined V1 and V2 observations with little more than 
half the r.m.s. residual of a best-fitting axially offset dipole. 
Inclusion of a (small) fourth-order zonal harmonic (g2) does not 
significantly improve the fit to the observations nor does it alter 
appreciably the values of the Z, model parameters. Much of the 
remaining difference (~3 nT r.m.s.) between the Z}, model 
magnetic field and the V1 and V2 observed field is due to 
external sources (in addition to and distinct from ‘the ring 
current, which itself varied between V1 and V2 observations) 
which are not well modelled by the uniform external field 
approximation used here. 

The Voyager 1 observations suggest the presence of a large- 
scale current system, the exact geometry of which is as yet 
undetermined but is thought to involve ~6x10°A of polar 
current flowing into Saturn’s south pole. The unmodelled exter- 
nal field observed during the Voyager 2 encounter appears to 
be attributable to solar wind induced time variations in Saturn’s 
magnetosphere. A better understanding of these external 
sources will probably be required before the Z, model can be 
improved, perhaps with the inclusion of (relatively small) non- 
axisymmetric terms. In its present form, however, the Z, model 
is consistent with the Pioneer 11, Voyager 1 and Voyager 2 
magnetic field observations as well as the charged particle 
micro-absorption feature observed by the Voyager 2 CRS 
investigation’’ and identified with the satellite Tethys. 

The Z, model leads to significantly enhanced polar surface 
field intensities on Saturn as shown in Fig. 1. Compare the 
surface field intensity of the Z, model as a function of latitude 
with that of an offset dipole model obtained by setting g? of 
the Z, model to zero, and that of a centred aligned dipole of 
moment 0.21 G—Rg. The maximum polar intensities in the 
north and south are ~0.84 and ~0.65 G, comparable with the 
Earth’s ~0.7 G polar intensities. Note also that the equatorial 
surface field magnitude is reduced to ~0.18 G by the large g} 
term of the Z; model. The relative magnitude of the Z, model 
gn coefficients is compared in Fig. 2 with the relative magnitude 
of the Earth’s axisymmetric ga terms’*. Saturn’s g? are larger 
in magnitude than those of the Earth. 

Cowling’s theorem*’ excludes the possibility of maintaining 
a steady state axisymmetric dynamo by fluid motions. It is 
possible, though improbable, that Saturn’s highly axisymmetric 
field configuration is reflective of the decay phase of a magnetic 
field reversal’. More appealing is the suggestion that the 
dynamo itself is not axisymmetric’ but only outwardly appears 
as such. If what we observe at Saturn is but the axisymmetric 
part of a complex Earth or Jupiter-like dynamo, the magnitude 
of Saturn’s gh terms may be the only available observable 
relevant to Saturn’s dynamo. The differential rotation of the 
metallic conducting shell above Saturn’s dynamo in Stevenson’s 
model’ leads to an increase in the axisymmetric toroidal field 
deep within Saturn’s interior. Some form of flux expulsion must 
inevitably occur to relieve the ever-increasing magnetic press- 
ure. Could the process of flux expulsion result in a relatively 
short-lived and localized magnetic field anomaly unobserved 
by more distant spacecraft but sufficient to modulate Saturn’s 
radio emission’? The lack of any detectable departure from 
axial symmetry remains the most enigmatic aspect of Saturn’s 
unique magnetic field. 
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Besides the classical liquid crystals observed with rod-like 
molecules (nematic and smectic mesophases) and plastic crys- 
tals obtained in the case of globular compounds, two new classes 
of thermotropic mesophases consisting of two-dimensional aro- 
matic flat molecules have been investigated’: D columnar 
mesophases (columns of disk-like molecules in regular two- 
dimensional periodic array) and Np nematic mesophase (disk- 
like molecules parallel to an average plane). We report here 
two examples of molecular chirality directly observable in D 
mesophases of a resolved disk-like compound. 

Some hexasubstituted benzene’, triphenylene*”®, 
truxene!! "4 or anthraquinone’*’* derivatives (Fig. 1) exhibit 
highly viscous and birefringent mesophases between the solid 
state and the isotropic liquid, which correspond to a columnar 
arrangement of diskoid molecules. 

These columnar structures, denoted D in Fig. 2a legend, 
differ from one another by the symmetry group of the two- 
dimensional lattice and by the stacking, regular or not, of 


R R R i 
i QO 
R R 
R 
R 
truxenes 


Hex asubstriuted- 


benzenes trphenylanes anthraquinones 


with R= CyHpyyO-, Cyt. COO-, Catteni J c00- or CpHamiO {}e00- 
Fig. 1 Mesogenic disk-like cores. 





Fig. 2 a, Structure of columnar phase (with ordered disks). 

Schematic representation of hexagonal (b) and rectangular (c) 

phase lattices. D,a phases are generally of the Pgg symmetry i 

but one example of Pmg symmetry has been described! !®. d, 

Structure of Np nematic phase. The nematic nature of this phase 
has been checked by X-ray diffraction measurements’. 


disk-like molecules in the columns’: hexagonal two- 
dimensional lattices (Fig. 2b) with order (Dno) or disorder (Dna) 
of the molecules in each column, rectangular two-dimensional 
lattice (Fig. 2c) with disorder of the molecules in each column 
(D.a). The columns can be upright or tilted with respect to the 
molecular reference plane. A single example of strongly tilted 
columnar phase (D,) has been observed (tilt angle ~55°)’, 

A fluid phase (Np) with optical schlieren texture, in any point 
similar to the classical nematic one, forms the second class of 
mesophases exhibited by disk-like compounds. This Np nematic 
phase, in which the only order is a parallelism between flat 
cores (Fig. 2d), is observed with several hexa (p- alkyl or alkoxy) 
benzoyloxytriphenylenes’’° or truxenes’* and with some 
hexaalkanoyloxytruxenes'’”*. The chiral variant, cholesteric 
(N%)'*!9, is obtained with optically active diskoid molecules. 

We have recently described the two mesogenic enantiomers 
of the hexasubstituted triphenylene (J)**. Our first observations 
of the two successive thermotropic columnar mesophases of 
(+) or (—) (I) mounted between two glass slides and viewed 
under a polarizing microscope did not reveal any chirality in 
the medium. Nevertheless, we have shown that these substances 
could easily twist the Np nematic phase of some hexabenzoy- 
loxytriphenylenes as might be expected. Furthermore, we 
recently reported the existence of a N$ cholesteric phase for a 
pure disk-like compound”. 

The large analogy between columnar and smectic phases had 
given us an inkling of the existence of a twisting induced by 
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Fig. 3 a,(+)-(I);b,(-)-(I); c, (+)-(I). ay and bı, enantiomorphic ‘opposite points’ in the D,, phase ( x 100). a; > and b, 2, enantiomorphic 
‘opposite points’ and spirals at D,, + D,» transition (schematic representations). az and b2, enantiomorphic spirals in the D, phase (x 100). 
c, Racemic texture at D,, > D, transition (detail). The two columnar phases of (/) were first identified with D,a and Dha Owing to their 
textures and the miscibility of the low-temperature mesophase with some D,a phases of hexaalkanoyloxytriphenylenes. But recent X-ray 
diffraction results on one enantiomer point out that the high-temperature columnar phase is, in fact, another rectangular phase with different 
symmetry, Pending more refined X-ray diffraction measurements we shall name the high temperature phase: D,, and the low temperature 
one: D,2 (A. M. Levelut provided these preliminary data). (+)-() and (—)-([) were purified by thin-layer chromatography on silica gel 
(using 10% acetone/hexane mixture as eluant) and recrystallized from ethanol/ether mixture. (+ )-(/): CAESA = +12.4° (c, 1 in chloroform) 
(Found: C, 74.70; H, 9.71; C74H120012 requires C, 74.96: H., 9.68). (—)-(J): [æa }333 = —11.6° (c, 1 in chloroform) (Found: C, 74.81; H, 
9.84; C3gHj 29012 requires C, 74.96; H, 9.68). IR (neat) 1,770: 1.515- 1.255: 1,200; 1,125; 920cm *. 'H NMR (CDCh)é 0.9 (s, 18 H) 
1.1 (d, J =6.3 Hz, 18 H), 1.35 (s, 60 H), 2.1 (m, 6 H), 2.5 (m, 12 H), 8.2 (s, 6 H). 
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Fig. 4 Spiral column (with disor- 
dered optically active molecules). 





optically active molecules in a tilted columnar phase (D,) **, 
was the case with biaxial tilted smectics (Sc, Sz, S1) a 
of rod-like molecules””’. 

The two columnar phases of (I) were first described as upright 
D,a and D,a phases’*; consequently the absence of twisting with 
optically active solute molecules looked ‘normal’. But some 
recent optical observations—in the case, for example, of (I) 
with R=n-alkanoyl chain (P. Oswald, personal communica- 
tion)—seem to favour a slight tilt of the columns, and s0 we 
have made new observations on free droplets. 

A careful re-examination of the two columnar mesophases 
of compound (J) allowed us to observe an evident chirality and 
to prove the existence of new chiral mesophases. 

The transition temperatures (C) of (+) or (—)— (I) are: 

K 59 Dy 64.5 Dy 97.5 I (K, crystal; I, isotropic liquid). 

The racemic mixture (+)-(Z) melts at 47.5°C and the 
isotropic phase appears at 95.5 °C. 

On cooling isotropic free droplets, one can see—between 
crossed polarizers—near 96 °C, a fan-shaped texture consisting 
of only one type of pairs with ‘opposite points’. Both enan- 
tiomers exhibit similar non-superposable figures, each one 
being the reflection image of the other (Fig. 3a;, bı). On further 
cooling, near the D,>D,2 transition, a spiralization of the 
medium is evident: some spirals are generated around the pairs 
of opposite points as shown in Fig. 34,2, 6,2. On heating 
immediately after the spiralization takes place, the effect 
remains up to the clarification point, but if the temperature is 
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maintained for a few minutes a progressive change in the spiral 

figures can be seen. Once more we observe two antipodal figures 

(Fig. 3a, 62). In addition the spirals reveal a periodicity of the 

oily streaks (note that, in all the figures, ‘opposite points’ and 

spirals are visible—but less clearly—between uncrossed 
polarizers). 

In the case of an equimolecular mixture of (+)-(J) and 
(—)-(1), we observe, as expected, non-chiral figures resembling 
concentric rings (D,.) or face-to-face ‘opposite points’ (D,,) 
(Fig. 3c). We have noticed that many achiral disordered colum- 
nar phases ((Z) with R = n-alkanoyl chain) consist of a statistical 
mixture of right- or left-handed spirals or opposite points in 
addition to some perfect achiral figures. 

3-Methylnonanoic acids (R)-(+)-(7V) and (S)-(—)-(/V) have 
been prepared by a convenient adaptation of a procedure 
described by Prout et al.” from (S)-(+) and (R)-(—)-2-octanols 
(via the p-toluenesulphonates). Hexaesters (+)-(Z) and (—)-(I) 
were obtained by interaction of the 3-methylnonanoy} chlorides 
(respectively from (R)-(+)-(IV) and (S)-(—)-UV) with 2, 3, 6, 
7, 10, 11-hexahydroxytriphenylene (H) prepared by heating 
the corresponding hexamethoxy derivative (27) with pyridine 
hydrochloride”. Compound (IMT) was prepared by treating 
veratrole with p-chloranil in sulphuric acid”. 

We have presented the first evidence of two rectangular 
columnar mesophases which form examples of a directly observ- 
able molecular chirality. Nevertheless, the chiral molecular 
packing in these media raises severa] questions: 

@ Why are the enantiomorphic figures clearly visible only on 
free droplets? 

@ Js each column chiral—as, for instance, one of the enan- 
tiomorphic spiral columns of St Peter’s high altar in the 
Vatican City (Fig. 4)? 

@ Or is this phenomenon connected to a peculiar chiral packing 
on the surface of the mesomorphic droplet? 

We are now carrying out optical studies and X-ray diffraction 
measurements to understand more closely the structure of these 
two mesophases. 

We thank Dr J. Prost for cooperation, Dr A. M. Levelut and 
Professor Y. Bouligand for interest, discussions and some pre- 
liminary X-ray measurements. 
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Information theory provides a uniquely powerfel apparatus 
for reconstractiag an image from imperfect data in its dual 
entropy 


density from imperfect single-crystal X-ray diffraction data. In 
the ideal situation, continuous electron density, its periodicity 
given by the lattice, is the Fourier transfonn of an infinite set 
of structure factors whose squared moduli are observables. An 
ideal electron density is unattainable from experiment because 
of the common experimental inadequacies of incomplete and 
noisy data discussed by Gull and Daniell’. These 

are partially overcome in the preseat procedure which yields 
true super-resolution and is economical even for protein crystal 
structures as iestrated. 

Although Gull and Daniell’ focused on radioastronomical 
applications, their maximum entropy solution for a best map 
of radio intensity from experimental data is quite general, and 
its formalism is appropriate to the X-ray crystallographic prob- 
lem. Nevertheless, the formalism is unsatisfactory for many 
crystallographic applications on two counts. First, convergence 
properties are not characterized and appear to be undesirable 
as recourse to partial sums was required for convergence in the 
reported application’. Second, the formalism fails in the absence 
of noise; this is a common difficulty with many spectral analyses 
based on entropy maximization’. It could be argued that 
artificial introduction of noise is possible in the presumably few 
applications for which the naturally occurring noise level is 
inadequate. However unlikely, such a state of affairs in experi- 
ments carefully designed to minimize or offset natural noise 
constitutes a dilemma to be avoided. 

A formalism, designed from the outset to result in an iterative 
procedure, for a maximum-entropy mapping of electron density 
can be readily composed with the aid of an approximation for 
the natural logarithm. We assume that the corresponding 
inexactness for the most part becomes immaterial on iteration 
as in any successive approximation procedure. It also will be 
assumed that the density functions and the experimental data 
are discrete samplings on regular grids appropriate to discrete 
Fourier transform algebra’. 

Consider that there is a positive definite trial electron density 
T obtained from the transform of experimental structure factors 
F (experimental modulus, model-based phase); the scale of Ê 
is set to make F,_, equal the number of electrons in a unit cell. 
Within the range of observations it is desired that F the trans- 
form of p differs from F as little as possible subject to maximiz- 
ation of the entropy which measures the difference between p 
and 7, p constrained to be positive definite. After the pattern 
of Gull and Daniell’ maximize 


Q()=-Zoi Inlot/r]-> E I -Al/o% 





Table 1 The course of reconstruction 





At the start After four iterations 


R 0.22 0.14 
-a ia 0 (0) 25 (32) 
Ss. 36 (44) 31 (38) 





Tabulated quantities are explained in the text. 
* Modulus weighted averages are given; the corresponding un- 
weighted averages are given in parentheses. All values are in degrees. 


by setting 
dQ(A)/dp.=0 


where the sum over x includes a complete unit cell, the entropy 
formula* uses p'=p/} p. and 7'=7/F Tx, A is a disposable 
constant to be evaluated, K denotes the set of reciprocal lattice 
points for which there are useful observations, and o is the 
standard deviation of £ Evidently 


—Inp.tin7z,+A+Fa Y L A-F) exp {—2aik-x}=0 
keK Ok 


(1) 


for which the relationship Ê, = Y(volume/ erid point)p, has been 
used, it is assumed that —k e K Vke K, and A is given by 


A =$ px) DY px In[p,/7x] 


If as desired the agreement between F and F is good, then A 
which measures the scale disparity between p and r is small. 
Neglect of A and rearrangement of equation (1) result in 


pe=exp| In 7+ ÊA rah exp{-2mik-x}] (2) 


which forms the basis for the reconstruction procedure presen- 
ted here. Note that equation (2) certainly satisfies one of the 
two earlier mentioned problems of convergence and (possibly) 
noise-free data. Disappearance of the latter problem is trivially 
evident, for if the modelled density should ever transform to 
F,=F,, VkeX, then p =r and cannot be changed by use of 
equation (2). Although neglect of A may bias the entropy term, 
a formalism results which, as desired, does not fail in the absence 
of noise. On the other hand, use of A = 0 means the convergence 
question must await an empirical answer as initially provided 
in the illustration. 
Equation (2) may be rearranged to yield 


In [o./7.]= fod Lath exp {-2aik-x} 


For good agreement of p and 7 the logarithm may be approxi- 
mated as 


Inx =x-—1 
to give 


(pr—Ty) = TekoA Lah exp {-27ik- x} 


which permits a formal estimation of A at 7,..,. Correspondence 
with standard crystallographic difference map formalism® 
implies for A the evaluation 


-1 
A= (Vrawh)"(— 5) 2-89) 
Me bea K O>E 

where V is the volume of a unit cell, ng is the number of terms 
in the sum, and 8; = 1 or 0 according to the presence or absence 
of a centre of symmetry. For constant errors, A= 
(Vtm lo) 'o7(2—83). It follows that the standard crystallo- 
graphic difference synthesis may be interpreted as an approxi- 
mate difference between unit-weighted maximum-entropy rep- 
resentations of experimental and modelled electron densities. - 

Deterministic interpretation of the logarithm of equation (2) 
suggests the form 


In p. = ln 7, + corrective terms 
or 
In (p,/7.) = corrective terms 


For a formal difference of <10% between 7 and p, the left-hand 
side may be approximated within 0.1% as 


In (0/7) = (p —7)/Hp +7) ™Ap/p 
Evidently this would be an accurate deterministic form for the 
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corrective terms. With A evaluated at Tma» the maximum 
entropy solution for corrective terms as given in equation (2) 
differs from the deterministic form only as the values for p 
move down from their highest levels. This fortuitously corres- 
ponds with the experimental situation in which the lowest levels 
of a density function are usually rather less significant than the 
highest levels. Relative to accurate deterministic corrections, 
the maximum-entropy corrections down-weight the significance 
of the lowest density levels through absence of the p~' depen- 
dence. Moreover, because the highest density levels contribute 
most to the value for F, and because the maximum entropy 
corrections place functional emphasis on correcting the highest 
density levels, it is expected that repeated application of 
equation (2) quite generally will constitute a stable, convergent, 
iterative reconstruction of electron density. Although in the 
presence of error the resulting density may never be better than 
an asymptotic approximant, it will be positive definite, well 
behaved, and in good agreement with the observations by the 
criterion of a constrained maximum of configurational entropy. 

‘Super-resolution’ is a term used’? to denote the fact that 
maximum-entropy methods can yield functions of resolution 
higher than that which corresponds to the band limits of the 
data. The term is sometimes used to indicate that the presence 
of noise in a set of data can lead to apparent but improperly 
high resolution. Super-resolution of the proper sort is highly 
desirable and can be understood to arise in the present case 
through imposition of a (perfectly general) model for electron 
density. While the maximum-entropy formalism yields a result 
which is maximally non-committal with regard to missing or 
unavailable data®’, it does require an exponential representa- 
tion for the density function. Because the sampling of the 
density may be made arbitrarily dense, the exponential rep- 
resentation corresponds to a function which is not only positive 
definite and well behaved, but also continuous and consequently 
possessed of an infinite transform with unlimited resolution. 
There is no general way to know how well the implied transform 
samples for kæ K agree with the unavailable observations or 
even that they agree at all. But in crystallographic application 
maximum-entropy formalisms can lead to density maps at more 
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Fig. 1 a, Tyrosine-11 based on 2.0A data and isomorphous 
replacement phases. b, Tyrosine-11 based on 2.0A data and 
least-squares phases. c, Tyrosine~11 based on 1.5 A data and 
least-squares phases. d, Tyrosine-11 in a maximum entropy recon- 
struction iteratively developed from the data and phases used in a. 


than twice the resolution expected- for straightforward Fourier 
synthesis of structure factors’. As we now show, iterative recon- 
struction based on equation (2) does in fact produce real super- 
resolution. B o 

The rubredoxin of Clostridium pasteurianum has been studied 
in single-crystal X-ray diffraction experiments and its noncen- 
trosymmetric structure reported? at a resolution of 1.5 À 
(minimum interplanar spacing). A structure model was fitted 
to the 1.5 A experimental data by least squares and the struc- 
ture-factor phases computed from this model, the experimental 
structure-factor moduli, and the atom coordinates of the model 
are all given in the structure report’. Phases which had been 
determined by isomorphous replacement methods at 2.0 A 
resolution were provided by Dr Sayre with permission from 
Professor Jensen. The reconstruction procedure used for the 
present illustration may be outlined as follows. (1) Compute 
an electron density 7 using F the experimental structure moduli 
and phases from isomorphous replacement, all at 2.0 A resol- 
ution, and to ensure a positive definite density at the start 
replace 7 by the larger of (T, Tmax/ 100) for each position x. 
Compute and file Inv and the transform of (modified) r as 
initial F. (2) Computation of equation (2) with the phase of F 
assigned to F gives p whose transform is a new F and logarithm 
is a new In 7. (3) Scale |F] so it is on the same scale as F| and 
compute 


R= Fal Full E |Ê, 


(4) Repeat steps (2) and (3) until the improvement in R is 
judged to be not significant. 

Although 1.5 Å data are available for rubredoxin, only the 
2.0 Å subset together with initial isomorphous-replacement 
phases were used in the reconstruction. This allows for 
demonstration of super-resolution by comparison of the recon- 
structed density function with a reference density using about 
twice as much data. The reference density was obtained by 
standard Fourier synthesis of a complete 1.5 Å structure-factor 
set obtained as experimental moduli and phases calculated from 
the refined atomic model; these calculated phases are con- 
sidered to be correct for this illustration. 


The course of the calculation through four iterations is sum- 
marized in Table 1. Each iteration is based on a forward and 
reverse Fourier transformation? of samples on a grid of 64 
points per cell edge. Computing time for each complete iteration 
was ~30% more than required for the Fourier syntheses alone. 
For the 2,812 unique data used, the average magnitude of 
difference between the phases from the maximum entropy 
method amem and the phases from the atomic model, the 
so-called least-squares phases as, is given in Table 1. A com- 
panion entry gives the average magnitude of difference between 
&mem and the phases from isomorphous replacement arr. These 
average phase deviations taken together show that the 
maximum entropy method yields a result which in some sense 
concerning phases lies between the sets from isomorphous 
replacement and least-squares refinement. The value for R = 
£ |\F|—\FI|/¥ |Ê] is amenable to more definite interpretation. 
A first significance of R is as a criterion of convergence for the 
reconstruction procedure. An analytical discussion of this point 
is lacking but it is easy to see that the procedure will stop if 
and only if R = 0.0. Yet if R stops changing between iterations, 
then clearly in some average sense no further desirable change 
is occurring. A second use for R or its value at convergence is 
as a preliminary indicator of global error in a data set. Because 
the exponential model for electron density is perfectly general, 
error-free data ideally should yield R = 0.0 at the conclusion 
of a maximum-entropy reconstruction. Of course, data are not 
error-free and random data errors correspond to an uncorre- 
lated, necessarily zero-mean process which is not representable 
by an exponential model. The maximum entropy procedure 
may, nevertheless, offset some error effects, but in unpredict- 
able ways because the exponential representation of density 
plus error destroys the additive relationship. With reservation 
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in this regard and also concerning the possibility of false entropy 
- maxima, it seems that the asymptotic value of R should approxi- 
mate Fje|/} Fl e being the true experimental error in | 

Quality of image is demonstrated in Fig. 1 by comparison of 
different representations of the tyrosine-11 residue of 
rubredoxin’. Tyrosine-11 was chosen on the joint grounds of 
its planarity and previous use as an example”''. Figure la-d 
shows interpolated sections of density maps in the least-squares 
plane of the reported coordinates for atoms in the planar 
tyrosine group. Contour levels begin at 0.0 and increase in steps 
of 0.30 electrons Å™; the line segment ends correspond to 
reported atomic positions. Figure la is based on 2.0 Å data 
with phases from isomorphous replacement and represents the 
starting point for all further structure description and 
refinement. Figure 14, c are based on the least-squares phases 
calculated from the atomic model. Although the reported 
atomic model and associated phases are being used here as a 
kind of standard, note that in the original report they were 
considered subject to improvement. Clearly, Fig. 1b which is 
based on 2.0A data and least-squares phases gives a 
better representation of tyrosine than does Fig. 1a. Figure ic 
which is based on least-squares phases and the complete 1.5 A 
data set is even better and of obviously higher resolution. The 
maximum-entropy reconstruction is given in Fig. 1d which is 
more similar to Fig. 1c than to the others. In fact one could 
reasonably argue from their appearance that Fig. 1d, if anything, 
is of higher resolution than Fig. 1c. Clearly, the maximum 
entropy reconstruction based on only 2.0:A data and isomor- 
phous-replacement phases shows real super-resolution as it is 
of obviously greater true resolution than the classical rep- 
resentation of the same data given in Fig. 1a. 

Maximum-entropy methods for image reconstruction poten- 
tially yield the best image model derivable from the available 
data’. This does not refer to a best image model in an absolute 
‘sense, but in the sense of being the model least likely to need 
correction on measurement and consideration of additional 
data”. While the virtues of maximum entropy analysis are 
claimed for the present procedure, the approximations used 
mean that its details could be improved on. In connection with 
the rubredoxin illustration, note that individual standard errors 
for structure moduli were not used and the default unit values 
are not commensurate with optimum results from the calcula- 
tions. Even so, in contrast to other types of image enhance- 
ment*''’, the present procedure seems to be exceptionally stable 
and requires no special adaptation for dominating atoms or 
groups as, for example, the iron—-sulphur group of rubredoxin. 
While no evidence has been developed in specification of a 
radius of convergence, it seems that the outlined procedure is 
applicable without further modification in every case for which 
there are structure moduli and corresponding initial phases of 
the quality normally attained by isomorphous replacement 
methods. 

I thank J. Skilling for help with formulation of the entropy 
expression. This work has been supported in part by the Robert 
A. Welch Foundation through grant A-742 and by the Research 
Corporation through a Cottrell Research Grant. 
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Recent gravity data have enabled a gravity profile extending 
1,500 km over Nubia, the Red Sea and Arabia to be compiled. 
Using a modal value of —48 mGal for the Bouguer anomaly 
over Africa away from regions of rifting we have determined 
the way in which the lithosphere thins and breaks to form the 
Red Sea. We find that nearly the whole of the Red Sea from 
coast to coast is probably underlain by oceanic crust and the 
regions of thinning extend for ~120km landwards of the 
Nubian coast and 180 km landwards of the Arabian coast. This 
implies that for continental margins similar to those of the Red 
Sea, the vast thicknesses of sediments might be underlain by 
early oceanic lithosphere rather than by thinned and down- 
faulted continental. lithosphere. 

The Red Sea is a critical region for studying the breakup of 
the continents, the evolution of continental margins and new 
oceanic crust. The presence of large positive Bouguer gravity 
anomalies over the deep axial trough suggested that the trough 
ight be underlain by dense oceanic crust’. This was confirmed 
in the 1960s when high seismic velocities and large magnetic 
anomalies were found’. The magnetic anomalies were inter- 
preted in terms of seafloor spreading’ and a model constructed 
in which the deep axial trough was underlain by oceanic crust 
formed over the past few million years and the main trough 
and shelves were underlain by downfaulted shield rocks covered 
by large thicknesses of sediments**. In 1970 McKenzie et al. 
applied plate tectonics and fitted the remarkably parallel shore- 
lines (previously noticed by Wegener). This stimulated much 
new work on the nature of the crust underlying the vast thick- 
nesses of sediments to the sides of the axial trough. In particular, 
magnetic surveys showed remarkable lineations and the sugges- 
tion was made that the Red Sea may have formed in at least 
two stages of seafloor spreading’ . Further studies? showed 
magnetic lineations over the margins of the Red Sea to be 
widespread. Recently, a very detaiied aeromagnetic survey (R. 
Horn, personal communication) has been carried out between 
Sudan and Arabia on behalf of the Red Sea Commision. This 
shows extensive lineations with remarkable symmetry. The 
magnetic anomalies thus suggest the presence of oceanic crust 
beneath the sediments and extending approximately to the 
coasts at least in the southern two thirds of the Red Sea. This 
is also supported by the interpretation of the gravity anomalies. 

Gravity data from a recent geotraverse across northern 
Africa’ enable a long profile to be constructed across the Red 
Sea and its. neighbouring Nubian and Arabian plates. The 
location of the profile is shown in Fig. 1. The coordinates of 
the stations in Nubia and Arabia were projected onto a line 
with azimuth N56° passing through Port Sudan. For Nubia, 32 
stations obtained on the geotraverse provided simple Bouguer 
anomalies and heights at an average spacing of 16 km. For the 
Red Sea, Bouguer anomalies and depths on a N56° line from 
Port Sudan to Jeddah were obtained from charts with contour 
intervals 10mGal and 100m respectively’. For Arabia, 
Bouguer anomalies and heights for 21 stations'' eastwards 
from the Red Sea Arabian coast at an average spacing of 15 km 
were used. The complete profile (Fig. 2a) shows that the whole | 


of the Red Sea from coast to coast is associated with positive as 
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Bouguer anomalies which reach a maximum of more than 
+100 mGal. Landwards from the coasts the anomalies become 
negative reaching values of —50 mGal on the Nubian side and 
—100 mGal on the Arabian side. 

To interpret the profile we need to make assumptions con- 
cerning the thickness and structure of the lithosphere away 
from the regions of rifting and to estimate the regional gravity 
anomaly. For the continental! US, isostatic response data “ seem 
to be incompatible with density anomalies below ~80 km but 
in Canada observations of the wavelength and amplitude of 
bending in the vicinity of supercrustal loading” give estimates 
of ~110 km for lithospheric thickness. For unrifted Africa, the 
simple assumption is made that the lithosphere is 100 km thick 
and is associated with a Bouguer anomaly of —48 mGal derived 
from a statistical study of 1° x 1° means™. The structure of the 
African lithosphere based on seismic studies with the 
velocities converted to densities using the Nafe-Drake curve’® 
is shown in Fig. 2a and the more detailed structure of the 
crustal part in Fig. 25. 

For the continental part of the profile it is necessary to 
compute geological corrections for the light volcanics and sedi- 
ments near Harrat Rahat and Harrat al Kishb at ~22.5°N, 
41°E. A uniform specific gravity (SG) of 2.3 was assumed with 
the volcanic pile underlain by PreCambrian basement at sea 
level. It is also necessary to correct for the ight sediments on 
the Nubian and Arabian coastal plains. These were assumed 
to have a uniform SG of 2.2 with thicknesses taken from the 
Tectonic Map of Africa”. 

For the Red Sea, there are three boreholes in the neighbour- 
hood of the profile”, two on the Nubian side and one on the 
Arabian side (Fig. 1). All are close to the coasts. On the west 
side, the borehole to the north, at 21.10°N, 37.10°E 
(Dungunab-1) has 1,563 m of sediment and the borehole to 
the south at 18.81°N, 37.64° E (Durwara-2) has 4,152 m of 
sediment. Both then penetrated basalt. The borehole on the 
east side at 19.84° N, 40.37° E (Ghawwas-1) has a sediment 
thickness >3,446 m. There are also two reversed seismic refrac- 
tion profiles? which constrain the velocity structure to the top 
of the oceanic layer 3 in the main trough (line 177) and axial 
trough (line 179). The velocities were converted to specific 
gravities using the Nafe-Drake curve’® giving values of 2.00 
(equivalent to 2.3 kms‘) for the sediments, 2.45 (4.4 kms ~’) 
for the evaporites and 2.80 (6.45 kms‘) for oceanic layer 3. 
The Mohorovičić discontinuity was not detected on these lines 
and a depth of 11 km was assumed. If it is asumed that isostatic 
compensation is complete at 100 km (the depth assumed for 
the base of the African lithosphere’), a simple calculation 
shows that the average specific gravity of the oceanic mantle 


40° 


Fig.1 The location of the profile 
and its projection on to the Hine 
N56°. The locations of the bore- 
holes Dungunab-1 (D-1), Dur- 
wara-2 (Da-2) and Ghawwas-1 
(G-1) and seismic refraction lines 
177 and 179 are also shown. 
es for 


seismic profiles 


beneath line 177 in the main trough is ~3.25. The details of 
the Red Sea structure used in the interpretation of the gravity 
profile are shown in Fig. 25 

With these constraints the lithospheric structure was adjusted 
until the Bouguer anomaly was fitted to within +10 mGal over 
the whole length of the profile (Fig. 2a). 

The resulting structure shows the following features from 
west to east: (1) As the western margin of the Red Sea is 
approached, the lithosphere begins to thin rapidly. (2) The 
continent—ocean boundary is only 7 km seaward of the Nubian 
coast at this latitude. (3) A crustal intrusive zone about 90 km 
wide exists beneath the centre of the Red Sea. Its top is at a 
depth of 4km and it has a SG of 2.88 corresponding to the 
6.76 km s~“ layer observed on seismic line 179. (4) The ocean- 
continent boundary coincides with the coastline on the Arabian 
side. (5) The region of lithospheric thinning has a slightly 
different form on the eastern side. (6) The ‘normal’ lithosphere 
is reached between 120 and 180 km from the coasts. 

The model demonstrates that nearly all of the Red Sea at 
20° N is underlain by oceanic crust but note that the exact 
demarcation of its boundaries depends critically on the specific 
gravities and thicknesses of the sediments and evaporites form- 
ing the marginal shelves. 

A similar result has been obtained by Gettings’’ for a gravity 
survey of the Arabian margin between 16.3°N and 17.3°N, 
which includes the Tihamah Asir Coastal plain. Here, an 
extremely steep gradient (4-5 mGal km“‘) is observed at the 
Tihamah-shield boundary. Gettings interprets this as indicating 
the presence of oceanic crust beneath the Tihamah as well as 
beneath the Red Sea shelf. 

Independent support for the presence of oceanic crust 
beneath the Red Sea shelves (apart from the magnetic lineations 
discussed earlier) comes from the fact that the whole of the 
Red Sea is a region of high heat flow”. It has been shown” 
that the heat flow values from boreholes on the Sudan coastal 
plain are considerably higher than would be expected from the 
radioactive heat production of granitic continental crust. 

Although our results are based primarily on the gravity profile 
across the Red Sea, they are consistent with other geophysical 
data for this region.The conclusion that the whole of the Red 
Sea at 20° N, including the vast thicknesses of sediments on the 
shelves is underlain by oceanic crust agrees with results from 
the westernmost Gulf of Aden” where seismic reflection and 
gravity data require the ocean—continent boundary to be 
between the 183 m contour and the coast. In these regions, 
attenuation of the lithosphere, such as there is, seems to be 
landward of the coasts. Other passive continental margins 
similar to those of the Red Sea and Gulf of Aden might have 
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Fig. 2 a, The Bouguer gravity anomaly profile with the litho- 
spheric structure used to fit the observed values. Details of the 
crustal structure of the Red Sea and the neighbouring continental 
lithosphere are shown in Fig. 2b. The positive anomaly over the 
Red Sea is due to the intrusive zone penetrating upper parts of 
the lithosphere giving a positive density contrast. The sharp boun- 
daries between the anomalous mantle beneath the Red Sea and 
the normal mantle beneath the continents have been introduced 
to facilitate the gravity computations and should not be construed 
to represent an abrupt transition between geologically distinct 
regions in the mantle. b, Details of the structure of the crust and 
upper mantle used in the interpretation of the gravity profile 
shown in a. The attraction of each layer has been computed using 
a reduced specific gravity p' = p—2.67 where p takes the following 
values: 2.00 (sediments); 2.45 (evaporites); 2.80 (oceanic layer 
3); 2.88 (crustal intrusion); 3.25 (anomalous mantle) for the Red 
Sea and 2.74 (upper crust), 2.85 (middle crust); 2.90 (lower crust), 
3.35 (normal mantle) for the continental lithosphere. The attrac- 
tion of the mantle layers have been computed to a depth of 100 km. 


oceanic crust underlying their shelves and we suggest that 
theories for the evolution of such ‘continental margins’ should 
consider this possibility. 

We thank Dr Peter Styles for helpful comments and C.B. is 
indebted to the NERC for a research studentship. 
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Significance of *’Sr/**Sr ratios 
in the Merensky cyclic 
unit of the Bushveld Complex 


F. J. Kruger & J. S. Marsh 


Department of Geology, Rhodes University, 
Grahamstown, 6140 South Africa 


In a number of mafic layered intrusions, layers with platinum 
group element (PGE) mineralization coimcide with breaks in 
cumulus mineral composition and isotopic variation trends 
through the layered sequence”. For example, in the Bushveld 
Complex in South Africa, abrupt increases in initial *’Sr/**Sr 
ratios occur at the UG-2 and Merensky pegmatoid (or reef’) 
horizons, both of which are exploited for PGEs. We report 
here the results of a detailed Sr-isotope study across the 
Merensky unit and its immediate foot- and hangingwall-rocks 
which, when considered together with new ideas on processes 
operating in magma , Suggest that magma mixing 
and post-cumulus infiltration of liquids displaced from below 
were important during crystallization of the Merensky peg- 
matoid. 

In the Bushveld Complex the PGE-bearing Merensky peg- 
matoid is part of the Merensky cyclic unit which occurs at the 
base of the main zone (subdivision after Willemse°—Fig. 1). 
Above the Merensky unit lies the lithologically similar Bastard 
cyclic unit. Both these units consist of a basal layer of 
orthopyroxenite which grades upwards through mela- and 
leuconorite into anorthosites with sporadically developed 
poikilophitic orthopyroxene crystals ~5 cm across, known as 
‘mottled anorthosites’. Thin stringers of chromitite usually 
occur at the base of each unit. In the case of the Merensky unit 
a layer of pegmatoid consisting mainly of large orthopyroxene 
crystals with interstitial plagioclase occurs at the base—this is 
the PGE-bearing Merensky pegmatoid. 

As part of a detailed study of the Merensky unit at Rusten- 
burg Platinum Mines in the western lobe of the Bushveld 
Complex, we have determined °’Sr/*Sr ratios (Table 1) on a 
suite of whole rocks and plagioclase collected from these two 
cyclic units and the immediate footwall to the Merensky peg- 
matoid. The variation of initial Sr-isotope ratios with height 
(Fig. 1) indicates a step-like pattern which confirms, in general, 
the results of Hamilton’. 

Plagioclase separates from the Footwall unit and the 
Merensky pegmatoid and pyroxenite have a constant initial 
87§r/*Sr which, significantly, is identical to that for rocks from 
the same stratigraphic interval in the eastern lobe’. With height 
through the Merensky unit we find a dramatic increase in 
87Sr/*°Sr for both whole rocks and plagioclase. In a 60-m section 
through the overlying Bastard unit the initial ratios are more 
uniform, but not constant, between 0.70749 and 0.70803, which 
is within the range found by Hamilton for the main zone of the 
eastern lobe. 

This pattern of initial °’Sr/*°Sr ratio variation can help con- 
strain processes occurring at this level during the crystallization 
of the Bushveld Complex. In general, two main models can be 
envisaged. First, the increase in *’Sr/*°Sr through the Merensky 
cyclic unit and the high values (for mafic rocks) for main zone 
samples might reflect in situ contamination of the existing 
magma by its wall rocks. Alternatively, the main zone rocks 
might have crystallized from an influx of new magma (with 
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Fig. 1 Location map and stratigraphical positions for samples 

_ for which intial ®7Sr/®Sr ratios have been determined. Note the 

differences in scale between the Merensky and Bastard and Foot- 

wall units. The average main zone initial 87¢7/8°Sr (Ro) ratio is 
from ref. 1. O, Plagioclase; @, whole rocks. 


87Sr/*°Sr > 0.7075) into the chamber and the Sr-isotope vari- 
ation in the Merensky unit reflects the interaction of this new 
magma, or its crystallization products, with existing material in 
the m a chamber. 

For the case of in situ contamination, magma with 8761 /*Sr = 
0.7064 crystallized to produce the footwall sequence. At the 
start of accumulation of the Merensky unit, the existing magma 
became contaminated with more radiogenic Sr, presumably by 
mixing with partial melts generated in the roof and walls of the 
intrusion. The increasing *’Sr/**Sr ratio in the Merensky cyclic 
unit would therefore reflect progressive contamination of the 
magma and the increasing incorporation of more radiogenic Sr 
into cumulus minerals that build the cyclic unit. Contamination 
ceased at the level of the base of the Bastard cyclic unit and 
crystallization proceeded to produce rocks of the main zone, 
which has elevated and more uniform *’Sr/*°Sr ratios. 


Most of the data necessary for evaluating the feasibility of 
this model are unavailable, but considerations presented below 
suggest that in situ contamination is an unlikely explanation 
for the Sr-isotope variations. It seems unlikely that the contami- 
nation process was as short-lived as would be suggested by the 
thinness of the Merensky unit, and that it ceased abruptly, as 
indicated by the more uniform ratios in the Bastard unit. During 
the short contamination interval the magma must have been 
rapidly and efficiently mixed because rocks at this level in both 
the eastern and western lobes of the complex have similar 
Sr-isotope compositions (see Table 1 and ref. 1). If contamina- 
tion occurred at the roof of the intrusion, transport of the 
contaminating Sr to the crystallization front at the base implies 
whole-magma convection. Although this possibility cannot be 
excluded, it seems more likely that contamination at the roof 
would cause self-stratification of the magma with convection 
cells confined to several layers’, thus inhibiting thorough mixing 
of the magma. In the Rustenburg area the Merensky unit is 
orders of magnitude thinner than the main zone, and, using the 
principle of balancing the heat budget by assuming that the 
amount of melting in the wall rocks is roughly equivalent to 
the amount of crystallization, we conclude that a very small 
proportion of contaminant, much less than 1%, would be mixed 
in with the main zone. To produce the significant elevation of 
®7Sr/*°Sr from 0.7064 to 0.7075 the contaminant must have 
very high Sr and/or *’Sr/*°Sr. Transvaal supergroup sediments 
that host the complex have low ®’Sr/**Sr ratios”’’. Felsites of 
the Rooiberg group which form the roof of the intrusion have 
low Sr concentrations (average 70 p.p.m.; ref. 8) although no 
Sr-isotope data are available. Assuming that the precontami- 
nated magma had Sr=250p.p.m. (calculated from Sr- 
concentration of cumulus plagioclase crystals in the Footwall 
unit) and that the extent of contamination was 1%, then the 
contaminant must have °’Sr/®°Sr> 1.0. This reduces to >0.78 
for 5% contamination. These ratios are high for felsites with 
Rb/Sr~2.5 that were erupted shortly before emplacement of 
the Bushveld Complex and whose crustal or mantle precursors 
had‘very much lower Rb/Sr ratios. 

The formation of main zone rocks from one or‘more new . 
influxes of gabbroic magma is favoured by several workers’?”?. 





Table 1 Results of Rb/Sr analysts 





' Rb. Sr 
Sample e7Sr/%Sr*  (pp.m.)t (ppm jt  Rb/Sr *Sr/*Sr)t 
Bastard cyclic unit 
B-30CPL§ 0 70872+4 4.7 398 0.0118 0.70771 
B-25CPL 0.70849+4 2.2 403 0 0054 0.70803 
B-20CPL 0 708194 27 392 0 0070 0.70760 
B-10CPL 0.70787 +3 1.7 407 0.0041 0.70752 
B-5PL 0.70806 + 2 2.4 416 0 0059 0.70756 
B-11PL 0.70806+4 26 385 0.0067 0.70749 
Merensky cyclic unit , 
M-12WR 0.70776+3 17 403 0 0042 0.70740 
M-12CPL * 0.70757+3 12 419 0 0029 0.70732 
M-10WR 0.70789+2 29 386 0.0075 0 70725 
M-9CPL 0.70765+4 14 425 0.0033 0 70737 
M-8WR 0 70699 + 2 19 394 0.0047 0 70659 
M-7CPL 0.70731+4 12 392 0 0030 0.70705 
M-6WR 0 70696+2 14 322 0.0044 0.70655 
M-5IPL 0.79723+4 44 469 0.00904 0.70643 
M-4IPL 0.79733 +2 49 457 0.0108 0.70641 
P-6IPL 0.70665 + 2 1.7 497 0.0033 0.70637 
Footwall unit 
RR-6PL 0.70661+3 13 477 0.0027 0.70638 
RR-5CPL 0 70672+4 2.1 483 0.0044 0.70634 
F-27CPL 0.706535 11 482 0.0022 0 70634 
F-12CPL 0 706634 1.3 486 0 0027 0.70640 
F-4CPL 0.70665 +4 1.6 479 0.0034 0.70636 





* Present day *’Sr/*Sr ratiot2s.e.m NBS-987=0.7102642 during this 


study. 


t Rb and Sr concentrations were _ determined by high precision Wd-XRF. 


t Initial °’Sr/*Sr ratio calculated using an age of 2,100 Myr and A= 
1.421071! yr for “Rb 
§ PL, plagiodiace. WR, whole rock, CPL, cumulus aodu chadacrysts 
hosted by orthopyroxene, IPL, intercumulus plagioclase. 
í 
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Thermal and density contrasts between existing and new liquids 
and the nature of intrusion of the new magma would cause 
convective or turbulent mixing" of a presently unpredictable 
nature, as the exact properties of the magmas, the shape of the 
magma chamber, the rate of intrusion, and the position and 
shape of the conduits are unknown. Our detailed mineral and 
whole-rock composition data suggest that the new magma was 
compositionally similar to the existing magma, except that 
°7Sr/*°Sr was >0.7075 and possibly >0.7086, as available data 
for the main zone (Table 1; ref. 1) vary between these limits. 

The pattern of Sr-isotope variation (Fig. 1) precludes a 
behaviour suggested by some experiments”’* whereby the new 
magma flows to the bottom of the chamber displacing the 
existing magma upwards and after crystallizing a layer of crys- 
tals, mixes with it by convection. A more compelling model 
involves mixing of the magmas as the new influx enters the 
chamber. One possibility is that the deposition of the Merensky 
cyclic unit was concomitant with progressive influx and efficient 

ixing of the new magma into the existing liquid. The increasing 
B75 /*8 ratios would therefore reflect the increasing propor- 
tion of new magma in the crystallizing mixture. The isotope 
data require that the influx ceased at the time the base of the 
Bastard unit was accumulating but the development of cyclic 
units and the similarity of mineral composition variations 
through the Merensky and Bastard units are difficult to reconcile 
with this restriction. 

The possibility we prefer is one where the new magma enter- 
ing the chamber mixes with the existing liquid and the Merensky 
and succeeding cyclic units form by accumulation of crystals 
precipitating from the blended magmas. This model would 
presumably result in a sharp step-like increase in ®’Sr/®°Sr at 
the base of the Merensky unit, contrary to what is observed. 
However, we suggest that whole-rock *’Sr/*Sr ratios in the 
Merensky unit were subsequently modified by infiltration of 
intercumulus liquid from the Footwall unit, a process described 
elsewhere”’*. This upward migrating liquid would displace or 
mix with that in the Merensky unit and the proportion of Sr 
with the isotopic signature of the footwall would decrease with 
height through the overlying crystal pile. The °’Sr/®°Sr of the 
intercumulus material would therefore vary with the proportion 
of Sr introduced from the footwall, and the pattern depicted 
in Fig. 1 could result. 

Although we have not been able to demonstrate directly the 
mixed isotopic character of Merensky cyclic unit rocks, com- 
parison of data for M-7CPL with M-8WR (Table 1) is sugges- 
tive. Sample M-7CPL is of plagioclase primocrysts separated 
from enclosing orthopyroxene oikocrysts and these have 
*’Sr/°*Sr = 0.70705, approaching values typical of the main 
zone. The whole-rock sample M-8 comprises plagioclase primo- 
crysts and intercumulus plagioclase and orthopyroxene and has 
*’$r/°°Sr = 0.70659 which is close to values typical of the Foot- 
wall unit despite its higher stratigraphical position. Three inter- 
cumulus plagioclase separates for the basal pyroxenites and 
the pegmatoid of the Merensky unit have ®’Sr/*°Sr ratios that 
are almost identical, within error, to the Footwall unit initial 
ratio. We recall that Hamilton’ found similar ratios in 
pyroxenites from the lower part of the Merensky unit; this is 
consistent with our data because in these rocks most of the Sr 
is contained in the intercumulus phases. 

Our data support a role for a new magma influx, magma 
mixing and the process of infiltration metasomatism in the 
genesis of the Merensky pegmatoid. At this stage the implica- 
tion for the origin of the associated PGE mineralization is 
unclear, as isotopic variations across the PGE-mineralized 
UG-2 layer have yet to be documented. If our interpretation 
of the Sr-isotope data for the Merensky unit is valid, models 
for PGE mineralization in layered igneous rocks should con- 
sider these processes. 

The CSIR, Pretoria, and Johannesburg Consolidated 
Investment Co. provided financial support. Isotopes were 
determined at the Open University, UK and J.S.M. thanks 
Chris Hawkesworth and Professor Ian Gass for hospitality. 
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Estimates’~* of the age of the stratotype Plio—Pleistocene boun- 
dary in Italy range from 1.65 to 2.5 Myr. We aim here to clarify 
this dating confusion, and we present new radiometric data on 
ashes from the proposed stratotype section, Vrica, Italy which 
indicate that the Plio—Pleistocene boundary must be less than 
2 Myr old. Biostratigraphical criteria—the first appearance 
datums (FADs) and last appearance datums (LADs) of plank- 
tonic foraminifera and calcareous nannoplankton tied to the 
magnetic reversal chronology—suggest that this boundary may 
be nearer to 1.7 Myr. Attempts to make the boundary far older 
than this are without basis. 
Haq et al.’ have applied the calcareous nannoplankton and 
planktonic biochronological framework established from 
palaeomagnetically-dated deep sea cores to the section at Le 
Castella, southern Italy and estimated an age of 1.6 Myr for 
the Plio—Pleistocene boundary. (This age is now revised to 
1.65 Myr based on the use of the newly adopted decay constants 
for “°K (ref. 5).) Note that although the section at Le Castella 
was proposed at the Seventh INQUA Congress as a section 
suitable for defining the Plio—Pleistocene boundary stratotype 
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Fig. 1 Location of the Plio-Pleistocene sections at Vrica and Le 
Castella, and sampling localities (Calabria, Italy). 
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Fig. 2 Geological sketch map of 
the Vrica area, modified from Selli 
et al?. 1, Beach sand and dunes; 
2, calcarenites and sands of the 
_ marine terrace (‘Milazzian’); 3, 
_ grey marly silty clays with 
sapropelic “intercalations . (early 
Pleistocene); 4, first appear- 
ance of Hyalinea baltica, 35m 
above the-m marker bed’ ash 
‘(<1.99 Myr); 5, grey marly silty 
- clays with sapropelic intercalations 
(early. Pleistocene, upper and 
middle Pliocene; the terminology 
for the Pliocene follows that of 
Italian workers); 6, lower volcanic | 
ash horizon (2.22 Myr); 7, grey 
clays (middle Pliocene); 8, faults; 
9, dip; 10, intervals sampled for 
the reconstruction of the columnar 
section going from the.base of unit 
X to the top of unit Z (see Fig. 3, 
after ref. 16.). 


—— A l 
E E M a” sE eS E e, o 10K 


this recommendation has never been officially accepted. 
Moreover, Colalongo et al.° have demonstrated the presence 
of a hiatus at the height of the ‘marker bed’ of Emiliani et al.’ 
(considered by many to coincide practically with the Plio— 
Pleistocene boundary) at the Le Castella section®’. Selli et al.” 
proposed that a new boundary stratotype at the Vrica section 
(Figs 1, 2) be accepted because of the continuity of section, 
better exposures, a thicker interval above and below the boun- 
dary, and an equally good fossil record. They reported several 
age determinations on a volcanic ash, termed the m marker 
bed, and a pumice block immediately above it in the short 
‘nterval where the Plio—Pleistocene boundary would fall (Fig. 
3): These ages, based on the K-Ar (Savelli in ref. 3) and 
fission-track, F-T (Bigazzi and Bonadonna in ref. 3) methods, 
ranged from 2.0'to 2.2 Myr. An even older age of 2.5 Myr has 
been determined by Boellstorff* using the F-T method on glass 
shards from the m marker bed.’ All of these ages, however, are 
far older than the age suggested by Haq et al.'. Given these 
divergent results we collected ash samples at Vrica and other 
localities where volcanic tephra are associated with sediments 
of late Pliocene or early Pleistocene age. At Vrica we collected 
the m marker bed ash and a Pliocene ash that is 280 m lower 
in the section. 

Collecting the Pliocene ash was comparatively easy as the 
ash is thick (20 cm) and its lower part is relatively coarse. This 
ash is characterized by the presence of hornblende, plagioclase, 
and zircon. We obtained concordant ages of 2.22+0.03 Myr 


(K-Ar, hornblende); 2:0+0.16 Myr (F-T, zircon), and 2.2+ 
0.2 Myr (F-T glass) (Tables 1a and 2). However, these results 
are: (1) in disagreement with the ages of 3.1 and 3.4 Myr 
previously-determined by Dymond (in Selli’°) using the K-AR 
method on glass shards from separate samples of the same 
Pliocene ash bed. One of these samples comes from the same 
locality where we collected our sample (79G203 in Fig. 2), the 
other comes from the environs of St Leonardo di Cutro (ref. 
10 and R. Selli, personal communication); (2) younger than the 
2.5 Myr age reported by Boellstorff* for the m marker bed ash 
which is 280 m higher in the section at Vrica; (3) the same as 
the 2.2+0.2 Myr age determined by Savelli? for glass shards 
from the m marker bed ash, though recalculation based on the 
data given in ref. 3 indicates an age of 2.27 Myr; and (4) almost 
the same age for the m marker bed ash of 2.07 + 0.33: Myr 
determined by Bigazzi and Bonadonna on glass shards (in ref. 
3). Clearly something was wrong. 

It was found that the sample of ash dated by Bigazzi and 
Bonadonna inadvertently had two labels attached to it, one 
indicating the sample to be the Pliocene ash and the other the 
m marker bed ash. Instrumental neutron activation analysis 
(INAA) of the glass dated by Bigazzi and Bonadonna and.that 
of the Pliocene ash we collected in 1979 indicate that they are 
indeed the same ash. That is, the supposed m marker bed ash 
dated by Bigazzi and Bonadonna is: actually the Pliocene ash — 
and their result of 2.07+0.33 Myr agrees with our determina- 
tions. 


Table 1 Analytical data for the K-Ar age determinations 


~ Moles *°Ar* g`! ; 
DKA no. Sample no. Mineral %K (x10717) % Rad. Ar Age (Myr)+ 10 
a, Pliocene ash l 
3864 79G203 Hornblende . 0.805 (FL) 0.311 40.8 2.22+0.05 
3936 79G203 Hornblende 0.781 (ID) 0.301 i 32.9. 2.22 +0.04 
b, m Marker bed ash s 
3861 79G201 (— 80m) Biotite (S) 7.21 (FL) 3.250 - 33.5. 2.60+0.05 
3935 79G201 (+ 80m) Biotite (S) 7.21 (FL) 2.882 32.1 2.30+0.05 
3965 79G200 (— 80m) Biotite (P) 7.03 (FL) 2.601 , 23.3 2.13+0.05 
4128 79G200 (+ 80m) Biotite (P) 6.99 (ID) 2.410 12.5 1.99+0.08 
c, Vrica pumice 
4201 Hornbiende 0.377 (ID) 0.154 | ' 7.6 2.35+0.16 


ct a a ee 
Decay constants for “°K (ref. 5): 40K /K =1.167x 10-7 atom %; Ag = 4.962 107° yr`!; Ae +e’ =0,581%10 ‘yr. ID, isotope dilution; FL, 


flame photometry. 


5 l 


l 


Nature Vol. 298 1 July 1982 57 
Table 2 Analytical data for the F-T age determination 








D'/D! App. Corr. : 
Correction or px 10° p,x107* x10 age age +lo 
Sample no. Mineral method!” Temperature tracks cm`? tracks cm? nom? (Myr) (Myr) (Myr) Grains r,s 
79G203 Zircon — — 3.21 94.8 1.01 2.0 — 0.16 12 0.98 (r) 
Í (95) (1404) 
79G203 Glass size 0.83 0.0281 0.235 0.190 1.37 1.9 0.2 200/130 3.8% (8) 
(316) (1046) 
79G203 Glass plateau 200 °C 0.0272 0.144 0.190 — Zz 0.2 230/100 4.8% (5) 
(307) (560) 





D*/D", size ratio of spontaneous to induced tracks, shown for the size corrected age only. Temperature, heating temperature for the plateau 
age. ps, Puy Spontaneous and induced track densities respectively. (), Number of tracks counted. ®, Neutron fluence, referred to the standard 
SRM 962 of the NBS. App. age, apparent age before any correction. Corr. age, corrected age. Grains, the number of glass grains used for counting 
the spontaneous and induced tracks respectively are shown; for zircon the total number of grains counted using the external detector method. 
$, Experimental standard deviation, in per cent, of the induced track counting; r, correlation coefficient. Decay constant for the spontaneous 
fission of PSU =7.03 x107" yr™?: although the Denver and Pisa F-T groups routinely use slightly different values for the decay constant the 
same value is used here for consistency. The glass irradiations were performed in the Pavia University (Italy) reactor and the zircons were irradiated 
at the USGS reactor, Denver, Colorado. 


J. Dymond (personal communication) revealed that unpub- 
lished ““Ar/?°Ar stepwise heating data for the sample of selected Biostratigraphy at Vrica 
Pliocene ash at St Leonardo di Cutro indicates that the glass 


shards contain excess radiogenic argon. We believe that this is [am | pumice block © = 
also true of the other ash sample from Capo Colonne. a: S| | o 
With respect to Savelli’s determination of 2.27 Myr (revised) eos volcanic ash = g rs} g 3 
for the m marker bed ash we can only stress that K-Ar ages i 4 oj | g f: 
based on total fusion of glass shards are to be viewed with A a x « g c 
caution’’. Without independent criteria such as Dymond’s pmd sapropel qo, 3/3 ol | S 
40 39 . A ‘ y Ò 2 
Ar/” Ar stepwise heating approach or dating of a more 3; | S| è 9| 3 
reliable uncontaminated mineral phase of the ash, there is no [= --] sapropel-clay PERIE s| è 
way to appraise the results. silty marly clay @ ey 9] = 
We think that Boellstorff probably dated the Pliocene ash [__] 8 | di | 6 Oh ee 


but we have not been able to verify this point. However, his 
age of 2.5 Myr, whether for the Pliocene ash or the m marker 
bed ash, is inconsistently old compared with our radiometric 
data and current biostratigraphic data. The calcareous nanno- 
plankton Gephyrocapsa aperta appears 17 m below the Pliocene 
ash at Vrica’*. In deep sea cores G. aperta makes its first 
appearance at 2.36 Myr (ref. 2) but in the Mediterranean its 
appearance could be younger. With these constraints 
Boellstorff’s result is too old for the Pliocene ash and par- 
ticularly the m marker bed ash. 

Collection of the m marker bed ash proved difficult because 
it is at most 2-3 thick and is quite lenticular. Two samples of 
the ash were collected. A primary sample of about 1 kg was 
collected very carefully to avoid any extraneous material. The 
exterior surface of each solid fragment of ash was removed 
with a knife to avoid possible contamination. A much larger 
secondary sample was collected with less caution. This ash is 
characterized by the presence of biotite and plagioclase. 
Unfortunately the absence of zircon prevented dating by the 
F-T method as the glass shards from this particular ash are not 
suited to dating by this method. 

Our efforts to date the m marker bed ash have been only 
partially successful. Biotite from the secondary sample yielded 
an age of 2.6 Myr, older than that of the underlying Pliocene 
ash (see Table 15). We concluded that the biotite sample is 
contaminated and separated the secondary and primary samples 
into two size fractions, +80 mesh and —80+100 mesh. Con- 
tamination is probably greater in the finer fraction and that 
fraction should yield the older age. The results in Table 1b 
indicate that this is so. The coarser fraction of the primary 
sample yielded the youngest age: 1.99 Myr. 

Electron microprobe analysis for potassium, iron, mag- Selli at al 
nesium, titanium, and calcium were performed on each of the 6 
four biotite separates to determine, if possible, the level of —.—  Colalongo et al 
contamination. Two distinct classes of detrital biotite are 
evident. These are characterized by (1) higher Fe, slightly higher 
K, and lower Mg, (2) lower Fe, slightly lower K, and higher 
Mg contents than the normal population of primary biotite. Fig. 3 Selected biostratigraphical data at Vrica. The columnar 
Several grains which showed lowered levels for all of the ele- section is taken from ref. 3 (from the boundary of unit X upwards) 
ments examined were excluded from the tabulation as it was and ref. 13 (below the lower boundary of unit X, simplified). 
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thought that they probably represented leached biotite grains. 
The detrital grains can be listed as follows: 


Primary (+80 mesh) 2 grains out of 102 

(—80+100 mesh) 6 grains out of 127 
Secondary (+80 mesh) 1 grain out of 110 

(—80+ 100 mesh) 6 grains out of 132 


The limited number of grains examined may not give a realistic 
appraisal of the true level of contamination but these samples 
are definitely contaminated. 

In retrospect, then, the age of the m marker bed and the 
proposed Plio~Pleistocene boundary-stratotype which should 
be placed close to this level should be younger than 1.99+ 
0.08 Myr. 

Savelli and Mezzetti'’, Selli et al.*, and Colalongo er‘al.° have 
repeatedly stressed the importance of the presence of a block 
of ‘perfectly preserved pumice’ immediately above the m 
marker bed ash at Vrica. This statement needs to be clarified. 

First, one might infer from these reports that the pumice was 
actually collected at Vrica. However, the pumice block was 
collected from a quarry west of the city of Crotone some 4 km 
north of the Vrica section. One of us (G.P.), however, is con- 
vinced that the level at which the pumice block was found can 
be correlated to a level located ~ 1 m above the m marker bed 
at the Vrica section. Second, there is a large dissimilarity in the 
mineralogy and chemistry of the pumice and the m marker bed 
ash. The pumice contains phenocrysts of hornblende and plagio- 
clase while the ash contains biotite and plagioclase. INAA of 
the glass fraction indicates that the pumice block is very similar 
to but not an exact equivalent of the Pliocene ash. 

Approximately 250 g of the pumice was sent to Denver and 
sufficient hornblende for a single analysis was recovered. The 
K-Ar age of 2.35+0.16 Myr (Table 1c) obtained was inter- 
preted as indicating that the pumice block has been reworked 
from an older pumice layer and thus has no relevance to the 
age of the m marker bed. 

The question really is just how much younger than 1.99+ 
0.08 Myr might the actual age of the m marker bed be? Selli 
et al? used the sparsely available radiometric data and drilling 
efforts near Semaforo (Fig. 2) to propose rates of sedimentation 
of 35-48 cm kyr`' for the 1,250m between the top of the 
Messinian which they assumed to be 6 or 7 Myr old and the 
Pliocene ash previously dated at 3.4 Myr. If we use the more 
commonly accepted age of 5 Myr for the Miocene-Pliocene 
boundary and the 2.2 Myr age for the Pliocene ash we get an 
average rate of 45 cmkyr™’. This rate is still in agreement with 
Selli et al? because of the change in age of ~ 1 Myr at each 
end of the stratigraphical section. Assuming continuous 
sedimentation and applying this rate to the 280 m between the 
Pliocene ash and the m marker bed gives an age of ~ 1.6 Myr 
for the m marker bed. However, average rates of sedimentation 
must be used with caution. 

Ultimately the resolution of the problem of the age of the 
m marker bed and, of course, the age of the Plio—Pleistocene 
boundary may rest on biostratigraphical and palaeomagnetic 
criteria, Nakagawa et al. have presented a preliminary version 
of the magnetostratigraphy of the Vrica section, but later circu- 
lated results and interpretations quite different and conflicting: 
therefore the treatment of this topic is at present impractical. 
Thus we give here only a brief treatment of the relevant bio- 
stratigraphy at Vrica. 

Berggren et al.” have summarized the numerous first appear- 
ance datums (FADs) and last appearance datums (LADs) of 
certain planktonic foraminifera and calcareous nannoplankton 
which have been recognized in deep sea cores and related to 
the magnetic reversal time scale. In using FADs and LADs one 
must keep in mind that the first appearance datum at any specific 
geographical locality may not coincide in time and may be 
younger than the first evolutionary appearance datum just as 
the last appearance datum may simply represent the disappear- 
ance of a particular species from a certain locality or region 


and so may be older than the true world-wide extinction of 
that species. Among the FADs and LADs mentioned by 
Berggren et al? and by Haq et al.' the following have been 
recognized at Vrica (see Fig. 3 for the distribution within the 
section). 

Planktonic foraminifera: (1) LAD of Globigerinoides obliquus 
occurs in deep sea cores at the top of the Olduvai normal 
polarity event with an interpolated age of 1.72 Myr (ref. 2). At 
Vrica G. obliquus is recognized at the subspecific level as 
G. obliquus extremus but this is in the same concept of 
G. obliquus recognized by Haq et al.', mentioned by Berggren 
et al? and confirmed by Berggren (personal communication). 
Calcareous nannoplankton: (1) LAD of Cyclococcolithina 
macintyrei occurs in deep sea cores above the Olduvai normal 
polarity event and has an interpolated age of 1.62 Myr (ref. 2, 
p. 285). (2) FAD of Gephyrocapsa oceanica in deep sea cores 
occurs just above the top of the Olduvai normal polarity event 
and has an interpolated age of 1.68 Myr (ref. 2, p. 284). (3) 
FAD of Gephyrocapsa caribbeanica in deep sea cores occurs 
just below the top of the Olduvai normal polarity event and 
has an interpolated age of 1.74 Myr (ref. 2, p. 285). The utility 
of the FAD of this species may be reduced because of conflicting 
concepts of it held by various investigators (ref. 14, p. 19). If 
the FAD of G. caribbeanica at Vrica section really occurs 73 m 
below sapropel layer a as indicated by Selli et al.’ (Fig. 3), then 
we are faced with a troublesome fact. The FADs of G. oceanica 
and G. caribbeanica are separated by some 140 m of sediment. 
according to Berggren et al.” this interval would represent 
~ 60,000 yr giving an average rate of sedimentation of 
~ 230 cm kyr’, an inordinately high rate for this part of the 
section. (4) FAD of Gephyrocapsa protohuxleyi in deep sea 
cores is within the top of the Olduvai normal polarity event 
but occurs slightly before the FAD of G. caribbeanica (ref. 1, 
Fig. 5). If we adopt for the Olduvai the age limits proposed by 
Berggren et al.” (1.72-1.88 Myr), the FAD of G. protohuxleyi 
has an interpolated age of 1.78 Myr. At Vrica G. aff protohuxleyi 
has been recognized and occurs ~10m above the FAD of 
G. oceanica. (5) FAD of Gephyrocapsa aperta occurs in deep 
sea cores below the Olduvai normal polarity event and has an 
interpolated age of 2.36 Myr (ref. 2, p. 284). At Vrica G. aperta 
makes its first appearance 17 m below the Pliocene ash whose 
age is 2.22 Myr. 

Figure 3 shows the age assignments for the various FADs 
and LADs in parentheses. Despite the qualifications cited above 
an age of ~ 1.7 Myr for the m marker bed would be consistent 
with the biostratigraphical data. 

According to the recent resolution of the joint meeting of 
the INQUA Subcommission 1 ~ a (= ICS Working Group N/Q 
Boundary) and the IGCP Project 41 made during the Inter- 
national Geological Congress in Paris (July 1980), “the N/Q 
boundary should be placed in the Vrica section taking into 
account the FAD of the early cold guest Cytheropteron testudo 
(whatever its palaeoclimatic significance could be), which occurs 
in Vrica 10m above Sapropel e. [Colalongo et al.°°, and 
Colalongo and Sartoni’, have demonstrated that in the Vrica 
section the FAD of C. testudo is accompanied by palaeontologi- 
cal events (FADs and LADs of planktonic foraminifera and 
calcareous nannofossils) that are useful for long-distance corre- 
lations.] On the other hand, there are alternative possibilities 
for selecting a level as the N/Q boundary stratotype in the 
Vrica section, within the stratigraphical interval between level 
e and the volcanic ash level m, which are closely related with 
the FAD of C. testudo, within a reasonably short time range.” 

Taking this resolution into account, it is apparent that the 
proposed Plio—Pleistocene Boundary stratotype in the Vrica 
section will fall close to 1.7 Myr and that all other published 
estimates suggesting an age of 2 Myr or more are inappropriate. 
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Brown adipose tissue thermogenesis 

is ‘suppressed’ during lactation in mice 
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Brown adipose tissue is considered to be the main site of ther- 
moregulatory non-shivering thermogenesis in the newborn of 
many mammalian species, in arousing hibernators, and in adult 
cold-adapted rats and mice*~“. Several recent studies have now 
suggested that the tissue may also be important in the regulation 
of energy balance. Evidence has been obtained indicating that 
the ability of genetically obese (ob/ob and db/db) mice to 
become obese on a normal energy intake is mainly due to 
reduced brown adipose tissue thermogenesis” ’, and a reduction 
in the activity of the tissue has also been observed in rats made 
obese by lesions of the ventromedial s, Im con- 
trast, increases in thermogenesis in brown adipose tissue have 
been implicated in the immediate thermic effect of food? and 
in cancer cachexia’, and a substantial augmentation of the 
activity of the tissue has been demonstrated in rats and mice 
exhibiting regulatory diet-induced thermogenesis as a response 
to chronic voluntary over-feeding ~~“. Whether or not brown 
adipose tissue thermogenesis changes in other, more physiologi- 
cal, states where energy flux and metabolic efficiency are altered 
(independently of environmental temperature) has not been 
established. We now report that the thermogenic activity of 
brown adipose tissue is suppressed in mice during the ‘physiol- 
ogical hyperphagia’ of lactation, and show that this probably 
results in a substantial reduction in the energy requirement for 
maintenance of the lactating animal. 

The animals used in this study were mice of the ‘Aston’ 
variety", aged between 24 and 4 months. Pregnant and lactating 
animals were taken during their first or second litter, and each 
litter contained between 6 and 10 pups. Virgin females, housed 
in pairs, were used as controls. The temperature of the animal 
house was maintained at 21+2°C, and the mice were subject 
to a 12h light/12 h dark cycle (light period from 07.00 h). All 
mice were given free access to both water and a low-fat commer- 
cial breeding diet (Spillers-Spratts Rodent Breeding Diet 1). 

In the first experiments the weight, total protein content and 
cytochrome oxidase activity (E.C.1.9.3.1) of brown adipose 
tissue from the readily accessible interscapular site were deter- 
mined for virgin mice and for mice at mid-lactation (days 9-12 
post partum). A comparison was also made with mice during 
late pregnancy (see Table 1). The total amount of interscapular 
brown adipose tissue was greater in both the lactating and 
pregnant animals than in the virgin mice. This increase is 
probably due to increased lipid deposition, as the total protein 
content of the tissue was lower in both the pregnant and 
lactating animals. The cytochrome oxidase activity in brown 


Table 1 Weight, protein content and cytochrome oxidase activity of 


interscapular brown adipose tissue from virgin and lactating mice 


Virgin Pregnant Lactating 

Tissue weight 68.5+3.8  102.6+8.8}  93.743.5¢ 

(mg) (17) (6) (12) 
Total protein 11.740.5 9.6+0.4* 8.2+0.4t 

content (mg) (17) (6) (12) 
Total cytochrome 

oxidase activity 17.5+0.8 13.2+0.6t 8.8+1.1t 

(pmol cytochrome (15) (6) (10) 

c oxidized per min) 


Mice were killed by cervical dislocation and the interscapular brown 


adipose tissue rapidly removed, and trimmed free of other tissues. The 
cytochrome oxidase activity of brown adipose tissue was measured 
spectrophotometrically~*, and the total protein content assayed by a 
modified Lowry method’ using BSA as a standard. The results are 
given as mean +3.e.m., with the numbers of animals shown in paren- 
theses. 

* P <0.05; t P<0.01; ł P<0.001, compared with the virgin animals 
(Student’s t-test). 


adipose tissue of the lactating mice was reduced to half the 
level in the virgin animals, indicating that during lactation there 
is a substantial decrease in the overall oxidative capacity of the 
tissue. The cytochrome oxidase activity was also reduced in late 
pregnancy, to a value between that of the virgin and lactating 
animals. 

The principal mechanism for thermogenesis in brown adipose 
tissue is via a proton conductance pathway across the inner 
mitochondrial membrane, which results in the uncoupling of 
respiration from ATP synthesis’®. The proton conductance 
pathway can be blocked by purine nucleotides, such as GDP, 
which bind to a specific ‘uncoupling’ protein of molecular weight 
32,000 (refs 17,18). The activity of the proton conductance 
pathway is generally assessed from the extent to which radioac- 
tively labelled Purine nucleotides bind to brown adipose tissue 
mitochondria’**. Table 2 shows the results of a GDP-binding 
study of virgin, pregnant and lactating mice. Compared with 
the virgin mice, GDP binding was much lower in both early 
(days 1-3 post partum) and mid-lactation; it was also low during 
late pregnancy. Binding was lowest at mid-lactation and was 
not significantly increased 24 h after the pups had been abruptly 
weaned. These results suggest that the activity of the ther- 
mogenic proton conductance pathway is substantially reduced 
during pregnancy and lactation in mice. 

The full extent of the reduction in brown adipose tissue 
thermogenesis in lactating mice was assessed by reference to 
the level of GDP binding in virgin animals acclimated for 3 
weeks at an environmental temperature (33 °C) where there is 





Table 2 GDP binding to brown adipose tissue mitochondria from ~ 
virgin and lactating mice 





GDP bound (pmol per mg ~ 


mitochondrial protein) 
Virgin 249.4+ 24.7 (10) 
Pregnant 88.0 +7.4 (7)* 
Lactating (early) 93.3 +14.6 (6)* 
Lactating (mid) 56.2 5.5 (8)* 
Abruptly weaned at mid-lactation 65.5 +5.0 (6)* 


Virgin, adapted at 33 °C 55.1 +5.0 (9)* 





Mice were killed by cervical dislocation and brown adipose tissue 
rapidly removed from the interscapular, subscapular and dorso-cervical 
sites. Mitochondria were then prepared as described by Cannon and 
Lindberg”. GDP binding was measured by incubating the mitochondria 
with 10 uM *H-GDP at 20°C, pH 7.1, for 7 min, as described pre- 
viously”’""*, (*H-GDP and 1*C-sucrose were obtained from Amersham.) 
The results are given as mean +s.e.m., with the number of observations 
shown in parentheses. For each assay, mitochondria were obtained 
from 1-2 mice. 

* P<0.001, compared with the virgin animals (Student's t-test). 
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Table 3 Respiration rates in brown adipose tissue mitochondria from 
| virgin and lactating mice 


n an n 


Mitochondrial respiration 
(nmol O, per min per mg 
mitochondrial protein) 


Additions Virgin Lactating (mid) 
- 110.7 +18.9 53.3+9.0* 
BSA (2.5 mg ml”’) 308.24 15.3 188.24 13.4t 
GDP (1 mM) 131.1+10.8 149.4 + 10.3(NS) 
Change in rate with GDP —177.2 +18.6 —38.8 +8.77 


DO OOSO SEEE aa a a 


Brown adipose tissue mitochondria were prepared as described in 
Table 2 legend. Respiration was measured at 25 °C in a Yellow Springs 
YSI model 53 oxygen electrode, using medium (pH 7.1) containing 
100 mM sucrose, 10 mM glycyiglycine and 5 uM rotenone, with 10 mM 
a-glycerophosphate as substrate * The results are mean +s.e.m. for 6 
groups of virgin and 6 groups of lactating mice (each group consisted 
of mitochondria obtained from 2 mice). 

* p< 0.05: + P<0.001, compared with the virgin animals (Student's 
t-test). NS, not significant (P > 0.05). 


no requirement for non-shivering thermogenesis’. The results 
obtained with mice in these conditions (Table 2) were almost 
identical to those observed at mid-lactation. A Scatchard analy- 
sis of binding data showed that the reduced GDP binding in 
lactating mice was due to a reduction in the number of binding 
sites, and not to any change in affinity; the apparent dissociation 
constant (Kp) was approximately 3 uM at pH 7.1 for both 
virgin and lactating animals. 

The GDP-binding assay is a physicochemical index of the 
proton conductance pathway. To obtain a more direct physiol- 
ogical measure of the thermogenic activity of brown adipose 
tissue mitochondria during lactation, mitochondrial respiration 
was determined (with a-glycerophosphate as substrate) in the 
presence and absence of exogenous GDP. The results in Table 
3 show that in the presence of bovine serum albumin (BSA), 
which removes the inhibitory effects of endogenous fatty acids 
on the activity of a-glycerophosphate dehydrogenase****, the 
mitochondrial respiration rate was significantly higher in virgin 
than in lactating mice. Following the addition of GDP, to 
recouple the mitochondria and restore respiratory control, the 
respiration rate fell much more in the virgin than in the lactating 
mice, and there was no longer any significant difference between 
the two groups. The difference between the respiration rates 
before and after adding GDP was almost 5 times higher for 
the virgin than for the lactating mice; thus, brown adipose tissue 
mitochondria from lactating mice seem to be much more fully 
‘coupled’ than those from virgin animals. 

The results presented here clearly demonstrate that ther- 
mogenesis in brown adipose tissue is suppressed in lactating 
mice, and the suppression is such that the thermogenic activity 
is similar to that of mice adapted to thermoneutral conditions. 
Alterations in the metabolism of brown adipose tissue in lacta- 
tion have been observed previously by Agius and William- 
son?®? in studies on lipogenesis. Not only is thermogenesis for 
thermoregulatory purposes inhibited in brown adipose tissue 
during lactation, but the increased food intake of the lactating 
animal does not result in a dietary-induced stimulation of the 
tissue—in contrast to the response invoked during overfeeding 
in normal, non-lactating, rats and mice''~'*. This is, of course, 
a rational response as substrates which would otherwise be 
dissipated in brown adipose tissue as heat are available for the 
synthesis of milk’®”’. 

The inhibition of brown adipose tissue thermogenesis would 
be expected to have a significant energy sparing effect on the 
lactating animal. To obtain an estimate of the possible 
(maximum) quantitative importance of such an effect, we have 
measured the energy intake of virgin mice, aged 3 months, 
adapted at 21 °C and at 33 °C (thermoneutrality); the difference 
should reflect the normal energy flux through brown adipose 
tissue and those tissues (for example, heart) which have a 
supportive role in thermogenesis***'*. At 21°C the gross 


Nature Vol. 298 I July 1982 


energy intake of the virgin mice was 76 kJ per day, while at 
33°C it was 45 kJ per day, giving a figure of 31 kJ per day for 
the energy expenditure on thermogenesis at 21°C. Thus, if in 
vitro experiments on mitochondrial respiration and GDP bind- 
ing accurately reflect the activity of brown adipose tissue in 
vivo, the suppression of brown adipose tissue thermogenesis in 
the lactating mouse could conserve as much as 31kJ per day, 
and this is equivalent to 40% of the maintenance energy 
requirement of the normal, non-lactating, animal. 

The most likely explanation for the results obtained here is 
either that during pregnancy and lactation there is a distinct 
physiological adaptation for energy conservation (mediated by 
prolactin?), or that the increased metabolic heat production 
which results from fetal growth and milk synthesis is sufficient 
to obviate the need for any specific thermoregulatory heat 
production. Whichever explanation is correct, the inhibition of 
brown adipose tissue thermogenesis would be expected to have 
a significant effect on the overall energy expenditure and energy 
requirement of the lactating mouse. Whether there are implica- 
tions from the observations presented here for other (larger) 
species, including man, is not clear. In conclusion, our results, 
together with a previous study on lipogenesis following intra- 
gastric feeding’®, indicate that the lactating animal may be a 
valuable model in which to investigate the regulation of 
thermogenesis in brown adipose tissue. 

We thank Drs W. A. Coward and D. Isler for valuable 
discussions, and Mr A. Kimmerling for technical assistance. 
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Physical training in man results in a decreased heart rate at 
rest’, associated with an apparent decrease in the activity of 
the sympathetic nervous system’. One possible mechanism for 
this would be alterations in B-adrenoreceptor density with 
training. Exercise produces large increases in plasma 
catecholamine concentrations**. Moreover, lymphocyte ß- 
adrenoreceptor density in man is inversely correlated with 
plasma and urinary noradrenaline concentrations and is posi- 
tively correlated with cardiac sensitivity to isoprenaline’. Thus, 
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alterations in 6-adrenoreceptor density in the cardiovascular 
system might be reflected in changes in lymphocyte g- 
adrenoreceptor density. We have now measured lymphocyte 
f-adrenoreceptor density in a group of athletes of varying 
degrees of fitness before and after they embarked on an inten- 
sive training programme. Our results show clear correlations 
between degree of physical fitness and receptor density and we 
conclude that decreases in sympathetic nervous system respon- 
siveness following physical training are related to decreases in 
8-adrenoreceptor density. 

Observations were made on 16 male swimmers aged 14- 
24 yr. The subjects were of varying fitness and were about to 
embark on a 2-month intensive training programme. A venous 
blood sample (30 ml) was obtained from each subject at 
10.30 a.m. Lymphocytes were isolated using the method of 
Boyum’ and f-adrenoreceptor density was measured by a 
radioligand binding method similar to that of Williams et al.®. 
At 11 a.m. on the same morning, each subject underwent sub- 
maximal exercise on a Monarch bicycle ergometer and fitness 
levels were then assessed using predicted aerobic capacity 
(maximal oxygen intake, max VO,) from the Astrand—Rhyming 
nomogram’. Results for max VO, and adrenoreceptor densities 
were only correlated at the completion of the study. No subject 
was receiving any drugs. 

Pre-training max VO, was 24-61 ml per kg per min (mean, 
49.6+2.3 s.e.m.) and pre-training 8-adrenoreceptor density 
varied over 1,538-385 receptors per lymphocyte (mean, 
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Fig. 1 a, Relationship between maximal oxygen intake (max 
VQ; in ml per kg per min) and lymphocyte receptor density (as 
molecules of dihydroalprenolol specifically bound per cell), in 16 
swimmers of varying fitness before embarking on a training pro- 
gramme. Lymphocyte 8-receptor density was estimated by a 
method similar to that of Williams et al’. Lymphocyte membranes 
(0.1 ml) equivalent to 2 x 10° cells were incubated with 7H-dihy- 
droalprenolol (102 Ci mmol! Amersham) at concentrations of 
0.5-5.5 nM. The final volume was 0.2 ml. After incubation for 
15 min at 37 °C the reaction was terminated by the addition of 
2 ml ice-cold buffer (50 mM Tris, 2 mM MgClo, pH 7.6). Mem- 
branes were separated by immediate filtration through Whatman 
GFC filters which were then washed with three 2-ml volumes of 
buffer. Nonspecific binding was estimated in the presence of 
107% Malprenolol. Numbers of specific dihydroalprenolol binding 
sites were calculated using Scatchard plots. b, Maximal oxygen 
uptake (ml per kg per min) plotted against lymphocyte receptor 
density (as molecules of dihydroalprenolol specifically bound per 
cell) in seven swimmers before (@) and after (A) a 2-month 
training programme. 
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Fig. 2 Relationship between change in receptor density (as 

decrease in the number of molecules of dihydroalprenolol 

specifically bound per cell) and change in maximum oxygen intake 

(as increase in max V O2, ml per kg per min) in the seven swimmers 

who underwent a 2-month training programme. The line of best 

fit, determined by linear regression analysis, is shown (correlation 
coefficient = —0.89, P<0.01). 


1,062+97 s.e.m.) (Fig. 1a). There was a complex inverse 
relationship between max VO, and 8-adrenoreceptor density 
(Spearman’s p = 0.75, P<0.001). At low to average levels of 
fitness, 8-adrenoreceptor density was in the region of 1,000- 
1,500 sites per cell, in good agreement with values previously 
reported by us in young people of average physical fitness”. 
At higher levels of fitness, however, represented by max VO, 
values greater than 45-50 ml per kg per min, receptor density 
decreased sharply. 

Seven subjects completed their training schedule satisfac- 
torily and were reassessed. Figure 1b plots pre- and post- 
training values for max VO, and receptor density for each of 
these subjects. Training increased max VO, in every case, the 
mean pre-training value being 48.74+4.5 ml per kg compared 
with a mean post-training value of 58.1+4.1 ml per kg (P< 
0.05, Student’s t-test for paired data). After training, lym- 
phocyte ß-adrenoreceptor density in these seven subjects 
decreased from a mean of 1,074152 receptors per cell to a 
mean of 458 +78 (P < 0.05) and in all but one subject, receptor 
density decreased. The single exception showed an insignificant 
change in receptor density from 547 to 554 sites per cell. Those 
subjects showing the greatest increase in fitness also tended to 
show the greatest fall in lymphocyte ß-adrenoreceptor density 
and there was a significant linear correlation between change 
in receptor density and change in max VO, (Fig. 2). 

Our results show a clear, inverse relationship between phy- 
sical fitness and lymphocyte 8 -adrenoreceptor density. Physical 
training can further reduce 8-adrenoreceptor density and this 
reduction is proportional to changes in fitness. The most likely 
explanation involves changes in concentrations of circulating 
catecholamines, although effects of other exercise-related meta- 
bolic processes such as metabolic acidosis cannot be excluded. 
Exercise results in large increases in plasma catecholamine 
concentrations. These increases are slightly lower in trained 
subjects but are still substantial”. High concentrations of sym- 
pathomimetic amines in man, whether from exogenous or 
endogenous sources, result in a decreased responsiveness of 
lymphocytes to stimulation by these agents'!, associated with 
decreases in receptor density'*”’. The reductions in receptor 
density at higher levels of physical fitness seen in the present 
study probably result from regular exposure to high concentra- 
tions of catecholamines. Fraser and colleagues® recently found 
evidence that these reductions could result in decreased sym- 
pathetic nervous system responsiveness and showed that low 
lymphocyte 8-adrenoreceptor densities were associated with 
low cardiac sensitivity to isoprenaline. 

We suggest that the decreased sympathetic nervous system 
responsiveness seen in athletes is due to a decreased B- 
adrenoreceptor density resulting from chronic exposure to high 
concentrations of catecholamines. Teleologically, this could 
represent a protective mechanism against chronic sympathetic 
nervous system stimulation. Physical fitness should be taken 
into account in studies involving measuring B-adrenoreceptor 
density or responsiveness. 

This work was supported by the MRC of Ireland. 
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The retinae of terrestrial and marine vertebrates generally con- 
tain the visual pigment, rhodopsin, whereas those of freshwater 
vertebrates contain porphyropsin’~. The latter pigment absorbs 
light at longer wavelengths than rhodopsin and therefore has 
increased red sensitivity, which is possibly beneficial to animals 
living in water containing suspended particles since these may 
cause image degradation due to light scattering at short 
wavelengths. Many fish and amphibians have both types of 
pigment, and in some fish, the proportion of rhodopsin to 
porphyropsin is greater in the dorsal half of the retina’. In the 
bullfrog, Rana catesbeiana, the ventral retina contains only 
rhodopsin, whereas the dorsal retina has appreciable amounts 
of porphyropsin‘. This may be attributable to the fact that the 
bullfrog often has only its eyes and nose protruding above the 
water surface, thus the dorsal part of the retina is used for 
aquatic vision and the ventral part for aerial vision. The ‘four- 
eyed’ fish, Anableps, is able to see simultaneously in air and 
water; it normally swims so that the eye is bisected by the water 
meniscus. Each eye has a single retina, but the dorsal part 
receives images from the water, and the ventral region receives 
aerial images**. Thus it has been suggested that the dorsal 
region should show more red dominance’, with porphyropsins 
being restricted to this area. We have measured the absorbance 
spectra of the photoreceptors, and report here that the same 
visual pigments are present in the dorsal and ventral regions 
of Anableps retina. 


Fig. 1 Mean absorbance spectra for four 
classes of photoreceptor from dorsal and ven- 
tral retinal samples for three individual fish. 
The maximum absorbance (Amax) values of the 
four classes are: single cone, 409 nm (n = 13); 
rod, 506nm (n=9); middle-wave-sensitive 
member of double cone, 463 nm (n = 4); long- 
wave-sensitive ‘member of double cone, 
576nm (n=6). Each point represents the 
average of values obtained at two adjacent 
wavelengths, one value recorded in the 
descending scan, the other in the ascending 
scan. The mean spectra have been normalized 
to a maximum of 100%. For each absorbance 
spectrum, the approximate wavelength of peak 
absorbance was estimated and each of 25 
individual values on either side of the pro- 
visional peak was referred to the appropriate 
nomogram to estimate the wavenumber of 
peak sensitivity; this operation involves deter- 
mining where the nomogram must be located 
on the wavenumber abscissa to yield the 
absorbance value under consideration. The 
nomograms used were the Dartnall A, 
nomogram‘? for the rods, the frog green rod 
nomogram”’ for the single cones and the P463 
cones, and the rhesus monkey red cone spec- 
trum?’ for the P576 cones. For the short wave- 
sensitive cones, the maximum absorbance was 
estimated using 20 points on the right-hand 
side only of the provisional peak. 
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A visual pigment molecule consists of a protein moiety, opsin, 
and a chromophore, based on either vitamin A, or A2. Rhodop- 
sins, generally found in the retinae of terrestrial and marine 
vertebrates, are based on vitamin A, whereas porphyropsins, 
found in freshwater vertebrates, are based on vitamin A,. Using 
the same opsin, a vitamin A, pigment absorbs light at longer 
wavelengths than a vitamin A, pigment, hence porphyropsin 
has increased red sensitivity compared with rhodopsin. 

Live specimens of Anableps anableps (obtained from a 
tropical fish supplier in London) were maintained in brackish 
water (specific gravity 1.005, pH 7-8, temperature 22-24 °C). 
The fish were dark-adapted overnight before an experiment. 
All procedures were then carried out under dim red light 
(Kodak safelight no. 2). 

The fish were decapitated, and the eyes removed and stored 
in the dark at 4°C until required. Each eye was cut into dorsal 
and ventral sections with a razor blade, using as a guide the 
horizontal corneal pigment band which marks externally the 
division between the two halves of the eye. The retina was 
removed from each section and placed in freshwater teleost 
Ringer’s solution. A small piece of retina (~1 mm?) was cut 
from one of the retinal halves and prepared using a method 
similar to that described elsewhere’. Briefly, the tissue was cut 
into fragments with razor blades and squashed between two 
coverslips, which were sealed with paraffin wax to avoid evapor- 
ation. Microspectrophotometric measurements were made 
using a modified Leibman microspectrophotometer””” under 
computer control, as described elsewhere’’. The microspec- 
trophotometer was programmed to step from 750 nm to 390 nm 
in 2-nm steps, taking in data at even-numbered wavelengths, 
and to return, taking in data at odd-numbered wavelengths. 

In both regions of the retina, four distinct cell types were 
identified: rods, single cones and two different classes of double 
cone. The rods contained a visual pigment having a wavelength 
of maximum absorbance (Amex) 506 nm (Fig. 1), which is in 
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agreement with that given by Schwanzara’’ for an extract of 
the visual pigment of Anableps. The single cones contained a 
pigment maximally sensitive to short wavelengths (Amex = 
409 nm), while the double cones contained two pigments 
absorbing at longer wavelengths, with maximum absorbances 
of 463nm and 576nm. One class of double cone contained 
only the long-wave-sensitive pigment in both members, whereas 
the other class contained both the middle- and long-wave- 
sensitive pigments (Fig. 1). The shape of the absorbance spectra 
of the rods was well fitted by a Dartnall nomogram’’, which 
suggests that the pigment was probably based on vitamin A.. 

Ellipsosomes similar to those described by MacNichol et al."* 
but termed ‘oil droplets’ by Borwein and Hollenberg” were 
found in the ellipsoid region of the inner segment of the cones. 
The ellipsosomes in the double cones did not contain 
carotenoids, as found in birds and reptiles’*, but contained a 
pigment whose spectrum closely resembled that of reduced 
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Fig. 2 A, Mean absorbance curve of six ellipsosomes from the 
P463 members of double cones and A, mean absorbance curve 
of seven ellipsosomes from the P576 members of double cones. 
The wavelengths of peak absorbance are 415, 519 and 549 nm. 


cytochrome c, with an intense short-wavelength absorbance 
band (A max = 415 nm) and two less intense absorbance bands at 
longer wavelengths (519 and 549 nm) (Fig. 2). The ellipsosomes 
of the double cones in which both members contained the 
576-nm pigment (P576) were identical, with the short-wave 
absorbance band having a maximum density of ~0.3. A similar 
absorbance spectrum was measured for the ellipsosomes of the 
long-wave-sensitive member of the other class of double cone, 
but in the spectrum of the ellipsosomes of the members contain- 
ing the P463, the density of the pigment was considerably 
greater, with a short-wave absorbance of ~-0.5. Ellipsosomes 
were visible in the inner segments of the single cones sensitive 
to short wavelengths, but contained no detectable pigment. 

As light must pass through the ellipsosomes to reach the 
photosensitive outer segment, it has been suggested that the 
ellipsosome acts as an intracellular colour filter'*. The principal 
effect would be to filter a narrow band of violet-blue light 
(400-430 nm) from the outer segment. Making reasonable 
assumptions for the end-on absorbance of the cone outer 
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Fig. 3 Log relative sensitivity functions for the three classes of 
cone. These were derived by determining the absorptance spec- 
trum for each class of cone and subtracting from this the mean 
absorbance spectrum of the ellipsosomes found in the inner seg- 
ments of the corresponding cone type. In the case of the single 
cones, the sensitivity function is the same as the absorptance 
spectrum, as the ellipsosomes in these receptors are spectroscopi- 
cally clear. The absorbance spectrum of a given class of cone (that 
is, the ratio of absorbed to incident light for a beam passing axially 
through the receptor) was calculated assuming an end-on absorb- 
ance of 0.25. The cone outer segments were ~6-10 pm long but 
appeared to be broken at the tips, and we have taken the true 
outer segment length to be ~15 ym. The specific absorbance of 
the cells was ~0.15, similar to values reported for other cones 
containing pigments based on vitamin A, (ref. 10). 


segments, it is possible to construct relative spectral sensitivity 
functions for the different cone types (Fig. 3). It is clear that 
the filtering by the ellipsosomes narrows the short-wave limb 
of the visual pigment spectrum, particularly that of the P463 
member of the double cone. This results in the P463 member 
of the double cone having a rapidly decreasing sensitivity from 
460 nm to 420 nm, whereas the P409 single cones have a rapidly 
increasing sensitivity in the same region of the spectrum. This 
invites speculation as to possible neural interaction between 
these cone types which would confer increased wavelength 
discrimination in the short-wave region of the spectrum. 

The Cyprinodontidae (flagfish, minnows) and the Poecilidae 
(mollies, guppies) are closely related to the Anablepidae, all 
being members of the Order Microcyprini. The visual pigments 
of these families are very similar to those of Anableps; they 
too have violet-sensitive single cones, middle- and long-wave- 
sensitive double cones, and ellipsosomes in the double cone 
inner segments’®. They also occupy a similar habitat in that 
they are all found very close to the surface in freshwater, and 


_ they are strongly diurnal and primarily surface feeders. 


Although there seems to be no difference in the visual pig- 
ments in the two halves of the retina in Anableps, it cannot be 
excluded that the dorsal region may be more red-sensitive than 
the ventral region, either as a result of an uneven distribution 
of the various cone types in the two halves of the retina, or 
due to neural interaction giving prominence to the long wave- 
sensitive double cones. 
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The large size and ready identifiability of molluscan neurones 
have made it possible to investigate the hypothesis'” that cyclic 
AMP-dependent protein phosphorylation may regulate 
neuronal electrical properties. For example, it has been found 
recently that intracellular application of the catalytic subunit 
of cyclic AMP-dependent protein kinase can alter the electrical 
' activity of various molluscan neurones (refs 3, 4; J. De Peyer, 
H. Reuter and I.B.L., unpublished). We have recently demon- 
strated® that injection of a specific protein kinase inhibitor into 
identified Aplysia neurone R15 blocks the increase in K* 
conductance normally elicited in R15 by serotonin‘, implicating 
protein phosphorylation in the regulation of a specific ion 
channel by a neurotransmitter. We report here attempts to 
identify phosphoproteins which may be involved in such regula- 
tion, by measuring protein phosphorylation in R15 following 
the intracellular injections of y[-*’ P]ATP. The results indicate 
that we can indeed measure protein phosphorylation inside an 
individual living nerve cell, and that the extent of phosphoryla- 
tion of several proteins in R15 is influenced by serotonin. 

Previous attempts to measure protein phosphorylation in 
individual molluscan neurones have been carried out by 
incubating ganglia with **P,, then isolating nerve cell bodies 
and analysing the radioactive phosphopfoteins’™''. These 
studies suffer from the major disadvantage that the cell body 
of interest can never be isolated entirely free of glia and portions 
of neighbouring neuronal cell bodies which contribute to the 
labelling pattern. Furthermore, only the cell body, and not the 
axonal and dendritic processes in the neuropile, is sampled by 
this procedure. We have circumvented these problems by 
developing techniques for the injection of 10°-10° c.p.m. of 
[y- P]ATP into neurone R15, and have analysed the radio- 
active phosphoproteins produced. To examine the distribution 
of the radioactivity in the abdominal ganglion, we have fixed 
and sectioned ganglia following such injections, and have 
examined the sections by autoradiography. The results (not 
shown) demonstrate that all the radioactivity is restricted to 
R15. Thus, when the entire abdominal ganglion is analysed by 
gel electrophoresis, all the radioactive phosphoproteins origi- 
nate from R15’s soma and neuropile processes. R15 is voltage- 
clamped throughout the labelling period, so changes in the 
phosphorylation profile in the cell can be related to changes in 
membrane conductance. In addition, voltage-clamping assures 
that changes in phosphorylation are due directly to the effects 
of serotonin rather than to changes in the cell’s spontaneous 
activity induced by serotonin. 

Of the total radioactivity injected into neurone R15, ~ 2% 
was incorporated into trichloroacetic acid-insoluble, 
chloroform/methanol-washed material during the following 50 
min (1.9+0.6% in control (n =14) cells, 2.140.8% in 
serotonin-treated (n =12) cells; not significantly different). 
Analysis of this material, after partial acid hydrolysis, using 
two-dimensional high-voltage thin-layer electrophoresis”? 
shows that only two amino acid residues are phosphorylated, 
the major one being phosphoserine and the minor one phos- 
phothreonine. This further substantiated that the extracted 
material was phosphoprotein. The polyacrylamide gel 
autoradiogram in Fig. 1 and the densitometric scans in Fig. 2 
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Massachusetts 02254, USA. 








Nature Vol. 298 1 July 1982 





Serotonin 


= + 


Origin 


230 $ 
205 $ 


Molecular weight (x 107') 


“| 
7 


Dye front 





Fig.1 Analysis of proteins phosphorylated in living neurone R15. Immed- 
ately before each experiment, [y- P]ATP (Amersham, > 5,000 Ci 
mmol” ') was concentrated in an Eppendorf microfuge tube, using a rotary 
evaporator, to a final concentration of 1 yCinl’'. For storage the [y- 
2DIATP was rediluted to a concentration of 50 mCi ml! in H,O and was 
kept at - 20°C. With this protocol the ATP preparation could be used 
several times without substantial radiolytic decay. Using a Hamilton syringe, 
~50nl of the concentrated ATP solution were placed in the tip of a 
microelectrode pulled from ‘Microstar’ capillary tubing (Radnoti Glass). 
Electrodes were used within minutes of filling, again to avoid substantial 
radiolytic decay and/or blockage of the electrode tip. ATP solution (0.5— 
2.0 nl; estimated by movement of the meniscus in the electrode tip) was 
injected into voltage-clamped neurone R15 (estimated cell body volumes 
20-60 ni) under pressure, Analysis of the material remaining in the electrode 
tip after the injection indicated that > 85% of the radioactivity was still in 
ATP. The total amount of ATP injected (0.1-0.4 pmol) was = 1% of the 
endogenous level in R15 (D, Weinreich, personal communication). These 
ATP injections did not alter the current-voltage relationship of R15. The 
ganglion was first perfused with normal Aplysia saline for 30 min and then 
with either normal Aplysia saline or saline containing 5 uM serotonin for 
an additional 20 min. Serotonin produces a large increase in K~ conductance 
in this time®*. Cells were voltage-clamped throughout, and only those 
exhibiting normal current-voltage characteristics and normal responses to 
serotonin were taken for analysis. Fifty minutes after injection the entire 
abdominal ganglion was frozen in liquid N., and homogenized in 1 mi of 
ice-cold stop buffer (50 mM MOPS, pH 7.0, 20 mM EDTA, 10 mM NaF, 
imM ATP). The connective tissue sheath remained essentially mtact and 
was discarded. Two ml of 20% trichloroacetic acid (TCA) was added to 
the homogenates at 4°C. The resulting precipitates were collected by 
centrifugation, washed twice with 10% TCA, then twice with 
chloroform/methanol (1:2 then 2:1, v:v) to extract phospholipids. The 
pellets were redissolved in 100 ul of sample buffer (100 mM dithiothreitol, 
80 mM Tris-HCI, pH 6.8, 2% SDS, 10% glycerol). Samples were boiled 
for 2 min and run on an SDS-polyacrylamide gradient (5-17.5% acrylamide) 
slab gel'*. In this experiment, the control (~serotonin) track was loaded 
with 11,600 ¢.p.m., incorporated following an injection of 360,000 cepam. 
of [y-**PIATP into R15; the +serotonin track contained 18,000 c.p.m. 
(600,000 c.p.m. injected). Following electrophoresis the gel was dried and 
autoradiographed using Kodak X-Omat X-ray film for 7 days. The resulting 
autoradiogram exhibits at least 15 phosphoprotein bands originating from 
within R15. t], Bands whose phosphorylation state was significantly 
increased or decreased, respectively, by serotonin (see Table 1). 
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Table 1 Relative incorporation into individual phosphoprotein bands 


% Of total radioactivity 


Controls Serotonin Mean % 
M, (n =8) (n=8) change 
230,000 4.1+0.3 6.9+1.0 +69* 
205,000 7.50.5 10.3+1.1 +41* 
135,000 8.2+0.5 10.6+0.7 +29* 
105,000 19.741.5 20.2+1.6 +2 
82,000 8.7+0.6 8.6+0.7 —1 
68,000 11.8+0.8 13.141.1 +12 
50,000 8.8+0.5 8.8+0.3 0 
43,000 500.2 4.1+0.2 —21* 
36,000 4.4+0.5 4.2+0.6 —5 - 
31,000 3.9+0.8 2.7£0.3 —30 
26,000 3.5+0.3 5.90.5 +55* 
22,000 5.8+1.2 3,640.4 —31 





Densitometric scans of autoradiograms (for example, Fig. 2) were 
used to quantify the relative amount of radioactivity in individual 
phosphoprotein bands. Areas under each peak were computed as a 
percentage of the total area of the scan; thus, the numbers in the table 
represent the radioactivity in each band as a percentage (means +s.e.m.) 
of the total radioactivity in the gel. Experiments performed on the 
same day were paired and Student’s t-test used to evaluate the differen- 
ces (expressed here as mean % change) between control and serotonin- 
treated ganglia. Although the 31,000- and 22,000-M, proteins showed 
large mean per cent changes, they also exhibited large variability (see, 
for example, Fig. 2) and thus these changes were found not to be 
significant (P > 0.6). 

“Changes induced by serotonin which were significant (P< 
0.02—-<0.007). 


demonstrate that at least 15 phosphoproteins, of molecular 
weights (M,s) 22,000-230,000, were labelled in R15 during the 
50 min following injection of [y-?*P]ATP. When serotonin was 
added to the medium bathing the abdominal ganglion during 
the last 20 min of the labelling period, there was a large increase 
in K* conductance in R15°°, and a change in the extent of 
labelling of several phosphoproteins. This number of changes 
is not surprising because serotonin increases cyclic AMP levels 
in this cell° and this could lead to a variety of changes in the 
phosphorylation state of many intracellular proteins. The phos- 
phorylation of several high molecular weight proteins (M,s 
230,000; 205,000; 135,000) and of a 26,000-M, protein was 
increased significantly in the presence of serotonin (Figs 1, 2: 


105,000 


` 





26,000 


05 


Relatıve absorbance 


0.5 
Relative mobility 


Fig. 2 Densitometric scans of the autoradiograms shown 
in Fig. 1. Autoradiograms were scanned using a Joyce-Loebl 
densitometer. The scanner was centred on each gel track, and the 
scan width was set at maximum to average the density across the 
entire track. Because the 105,000-M, peak was not affected by 
serotonin (see Table 1), we normalized the scans to the height of 
this peak to facilitate visualization of the specific effects of 
serotonin. This analysis permits the evaluation of changes in 
labelling of specific phosphoproteins independent of differences 
in total incorporation from one cell to another , serotonin; 
asera ‘ control. 
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Table 1). In addition, there was a decrease in the phosphoryla- 
tion of a 43,000-M, band (Figs 1, 2; Table 1). 

There is only limited information on protein phosphorylation 
in the Aplysia nervous system. Although our early studies”? 
(recently confirmed by Paris et al.’°) indicated that serotonin 
could influence the phosphorylation state of a high molecular 
weight protein, it is not clear whether it is related to the 
135,000-M, protein described here. The present experiments 
indicate that, in addition to this phosphoprotein, the phosphory- 
lation of several other proteins in R15 can be influenced by 
serotonin. This in vivo approach should permit an analysis of 
the possible role of these phosphoproteins in the regulation of 
K* conductance in this cell. 

We thank Dr A. Matus and Mr M. Ackermann for help with 
the sectioning and autoradiography, Mr J. Maeder for computer 
programming and Dr J. Martin-Pérez for analysing the 
phosphoamino acids.’ 
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The growth hormone release-inhibiting factor somatostatin was 
Originally isolated and characterized from hypothalamic 
extracts’. Avian pancreatic polypeptide (APP) was first isolated 
from chicken pancreas’. Using antibodies raised against these 
peptides, both somatostatin-like*® and APP-like®’ 
immunoreactivities have been found in many regions of the 
nervous system, and the peptides have been shown to coexist 
with catecholamines or other neuropeptides in certain neuronal 
systems*™. In particular, we have recently reported that some 
neurones in the rat telencephalon contain both somatostatin- 
and APP-like immunoreactivities”. We present here 
immunohistochemical evidence that in the human cerebral 
cortex also, some neurones contain both immunoreactivities. 

Specimens of human frontal, temporal and cingulate cortex 
were obtained from patients undergoing lobe resection as a 
treatment for glial tumours. Small pieces (about 10 x 5 x2 mm) 
of cortex of normal appearance were taken from cortical areas, 
located as far as possible from the pathological area, immedi- 
ately after the lobe was resected. The specimens were immersed 
in ice-cold 10% formalin in 0.1 M phosphate buffer for 2—6 h. 
The time between occlusion of the blood supply to the cortex 
and the immersion of the tissue was ~30 min. After fixation 
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Fig. 1. a-d, Immunofluorescence micrographs of 10 um thick 
sections of the human neocortex after incubation with antisera to 
somatostatin (a,d) or APP (b,c). a and b, The same section 
stained initially for somatostatin (a), then eluted according to 
°” and restained with antibodies against APP (b). c, 
d, The same section, which is adjacent to that shown in a and 6, 
first stained for APP-like immunoreactivity (c), then eluted’” and 
restained for somatostatin (d). Arrows indicate neurones that 
contain both somatostatin- and APP-like immunoreactivities, in 
either the serial section or the restaining experiments. ty, A blood 
vessel. Scale bar, 50 um for a-d 


| 
Iramu et al 


the tissues were rinsed in 0.1 M phosphate buffer containing 
5% sucrose for at least 24 h. Sections were then cut on a cryostat 
(Dittes) and processed according to the indirect immunofluores- 
cence technique of Coons and collaborators! ™"*, 

Alternate 10 um thick sections of cortex were incubated 
overnight at 4 °C with antisera raised in rabbits against APP”? 
or somatostatin >. Both sera were diluted 1:100 in 0.1 M phos- 
phate buffer containing 0.3% Triton X-100. After rinsing, the 
sections were incubated with fluorescein isothiocyanate (FITC)- 
conjugated swine anti-rabbit IgG (Dako), rinsed, coverslipped 
and examined in a Zeiss fluorescence microscope. 

In further experiments, sections that had been stained for 
one neuropeptide were photographed, then the initial antiserum 
was eluted with 0.1% KMnO; in 0.2% H-S-0, for 30 s and the 
sections decolorized in 0.5% Na»S.SQO, for 15s (ref. 16). The 
sections were then incubated in the FITC-conjugated IgG and 
examined in the fluorescence microscope. If no staining was 
observed at this stage, indicating that the first antibody had 
been successfully eluted, the sections were then incubated with 
antibody to the other neuropeptide, followed by the FITC- 
conjugated IgG and once more examined in the microscope 
and photographed. Using this procedure the same section could 
be sequentially stained for somatostatin- and APP-like 
immunoreactivities, 
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Antisera incubated with an excess of the respective neuropep- 
tide (50 ug of synthetic somatostatin or APP per ml antiserum 
diluted 1:10) served as controls. Preabsorption of the somatos- 
tatin antibody with APP or of the APP antibody with somatos- 
tatin had no effect on the resultant staining pattern. This indi- 
cates that none of the sera used in these experiments recognizes 
both peptides. 

In sections incubated with antisera to APP, we observed a 
dense network of immunoreactive fibres. In specimens cut 
perpendicular to the cortical surface, a definite pattern of fibres 
could be discerned, In cortical layers II-VI, most of the APP- 
positive fibres appeared to run vertically out from the deeper 
layers towards the surface, although many fibres branched 
laterally as well. In contrast, in layer I, most of the APP-positive 
fibres ran parallel to the cortical surface; however no fibres 
were seen in the outer 50 um of cortex. This staining pattern 
was observed in frontal, temporal and cingulate cortex 
specimens. 

In sections incubated with anti-somatostatin antisera, the 
pattern of fibres observed was similar to that described for 
APP. The somatostatin-positive fibres fluoresced much more 
weakly, however, and, in particular, the fibres running parallel 
to the cortex in layer I were much less heavily stained. 

Many immunoreactive cell bodies were observed in the cortex 
following incubation of the sections with either APP or somatos- 
tatin antisera. The cells were scattered throughout layers II-VI, 
and were also commonly found in the subcortical white matter. 
The cells were pyramidal, bipolar, round or multipolar in shape, 
with dendrites spreading out in all directions. 

In serial sections stained alternatively for APP or somatos- 
tatin, we often found that one portion of a cell was positive for 
APP in one section while in a second section, the other portion 
was positive for somatostatin (Fig. la,c). This indicates that a 
single cell can contain both neuropeptides. Examples of this 
were found in all cortical layers except layer I. 

The coexistence of somatostatin- and APP-like immunoreac- 
tivities in a cortical neurone was also frequently demonstrated 
in the elution-restaining experiments. Using this protocol, we 
found neurones that first stained for somatostatin (Fig. la) and 
then, after elution, restained for APP (Fig. 15), and cells that 
were first shown to be APP positive (Fig. lc) and, after elution 
and restaining, also seen to contain somatostatin immunoreac- 
tivity (Fig. 1d). 

The occurrence of more than one neuroactive substance in 
a single neurone has recently been reviewed'’'*. The 
phenomenon was first observed in invertebrates, but has since 
also been observed in mammalian neurones, and now in human 
brain. 

We have shown that the coexistence of somatostatin and 
APP reported here is not due to cross-reactivity of the antisera. 
Also, larger presumed precursor molecules have been found 
for both peptides'”** and they seem quite distinct. This and 
the clear differences in the distribution of the peptides in other 
brain regions’* suggests that they do not have a common precur- 
sor and that their coexistence is a special property found only 
in certain cell types. 

The coexistence of somatostatin- and APP-like peptides 
within a selective population of neurones suggests that they 
both may function as transmitters or modulators of neural 
information. In this regard, somatostatin has been found to 
have potent electrophysiological effects on cortical 
neurones’ °° and both calcium-dependent release?” and 
high-affinity binding*” of somatostatin have been demonstrated 
in mammalian brain. APP has also been found to have postsy- 
naptic actions’. Thus the presence of these two neuroactive 
substances in a single cortical neurone may allow the cell to 
transmit more than one message to its postsynaptic targets. 

Recently somatostatin levels have been found to be reduced 
in the cerebrospinal fluid of patients with Huntington’s dis- 
ease’. Also, cortical somatostatin levels are markedly reduced 
in Alzheimer’s disease and in senile dementia of Alzheimer 
type’'*. This suggests that a loss of forebrain somatostatin 
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neurones may be a symptom of these diseases. As an APP-like 
peptide is contained in many forebrain somatostatin cells, these 
diseases are probably also associated with a loss of APP-like 
immunoreactivity. The role of cortical neurones containing both 
somatostatin- and APP-like immunoreactivity in these condi- 
tions remains to be determined. 
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Fission-spectrum neutrons at 
reduced dose rates 
enhance neoplastic transformation 
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We have studied the effect of reduced dose rates of radiation 
on neoplastic transformation using the C3H/LOT1/2 mouse 
embryo-derived cell line developed by Reznikoff et al.*. In this 
cell system, transformation can be measured by scoring the foc 
of piled-up cells that occur after the loss of contact inhibition 
of growth. We report here that reduction of the dose rates of 
fission-spectrum neutrons (of mean energy 0.85 MeV) from 
38.5 or 10.3 to 0.43 and 0.086 rad min” has no effect on cell 
killing but increases transformation frequency. These data are 
in contrast to previously published results obtained with “Co 
y rays where reduction of the dose rate resnited in a marked 
reduction in transformation frequency”. Although cancer 
induction in man involves many factors besides those at the 
cellular level, the implication from our findings is that the risk 
of cancer induction due to work-related exposure to neutrons 
in the nuclear power industry may be greater than previously 
thought. 

Cell cultures were grown at 37°C in plastic T-flasks, or in 
plastic 100-mm Petri dishes, in Eagle’s basal medium (Gibco) 
supplemented with 10% heat-inactivated fetal calf serum 
(Reheis Chemical Co., Illinois) according to methods previously 
described” °. The JANUS reactor of the Division of Biological 
and Medical Research, Argonne National Laboratory, was used 
to expose cells to fission-spectrum neutrons’. A special 
incubator, made of light plastic and styrofoam to minimize any 
changes in the quality of the neutron beam, was used for the 
low dose rate exposures at 0.43 and 0.086 rad min“, and the 
cells were kept at 37 °C while attached in plastic T-flasks con- 
taining Eagle’s supplemented medium. In all experiments, 
irradiated cells were removed from the incubator after 
exposure, trypsinized, plated out in Petri dishes and placed in 


* Present addresses Istrtuto d: Patologia Generale, Sant'Andrea dello Dame, 2 Napol; 80138, 
Italy (F MB), Department of Therapeutic Radiology, V A. Himes Hosprtal, Himes, Dinos 
60141, USA (CPM), Department of Radiology and Radiation Biology, Colorado State 
Unrveruty, Fort Collins, Colorado 80523, USA (M MLE }) 
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conventional incubators for the 6 weeks necessary for trans- 
formed foci to develop’*. In a control experiment, cells 
were grown in the special incubator without irradiation. No 
transformed colonies were observed for these controls; that is, 
the transformation frequency per surviving cell was <8.7 x 107°. 
Dosimetry was performed inside the incubator at the position 
of the cells“. High-dose rate irradiations (38.5 or 10.3 rad min“) 
were carried out at room temperature’. Transformed foci were 
scored as previously described’? and transformation frequen- 
cies per surviving cell were calculated according to Han and 
Elkind’. 

Consistent with the earlier results of Sinclair® with V79 
Chinese hamster celis, the data in Fig. 1 show no significant 
variation in cell killing after a reduction in the fission- 
neutron dose rate from 38.5 to 0.086 rad min“! (5.2 rad hr’) 
even though the cells were irradiated in optimal growth condi- 
tions. The lowest dose rate used here was 20-fold less than that 
previously reported®’. At 0.086 rad min`’, cells undergo one 
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Fig. 1 The survival of 1OT1/2 cells exposed to fission-spectrum 
neutrons from the JANUS reactor at the Argonne National 
Laboratory. The line is drawn through the average surviving 
fractions from all experiments performed over a 3-yr period. The 
individual data points shown at high and at low dose rates were 
obtained concurrently as part of this study; the doses refer to the 
integrated exposures of populations of cells. Cells in growth 
medium were exposed at 37°C and immediately after exposure 
were suspended by trypsinization and plated for survival. Plating 
efficiency = 21-42%, multiplicity ~ 1. Bars represent standard 
errors . 
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Table 1 Transformation of 1OT1/2 cells by fission-spectrum neutrons 
oe a Transformation frequency 
Dose _ Surviving No. surviving No. of No. of No. dishes per viable cell 
~ (radmin?) fraction | cells per dish* dishes focit without foci A ix 1074} 
Controls _ 1.0 242 2,409 6 2,403 0.0025 0.103 
10.3-38.0 
10 0.970 135 173 2 171 0.0116 9.86 
21 0.957 212 165 5 160 0.0308 1.4 
41 0.753 200 119 8 113 0.0517 2.6 
76 0.709 176 112 17 97 0.143 8.2 
114 0.651 404 19 7 12 0.379 9.4 
151 0.412 108 15 § 10 0.405 37.5 
189 0.269 223 68 71 22 1.13 50.6 
227 0.172 536 16 16 3 1.67 31.2 
303 0.0421 107 19 9 12 0,460 42.9 
378 0.0178 299 56 91 12 1.54 $1.5 
454 0.00450 250 20 23 4 1,61 64.4 
0.43 
10 0.920 150 166 34 146 0.128 8.6 
21 0.864 167 356 45 322 0.10 6.0 
4} 0.831 l 170 262 31 232 0,122 7.1 
62 0.540 281 19 g 12 0.459 16.3 
114 0.462 203 144 43 108 0.287 14.1 
189 0.171 90 103 40 74 0.331 36.3 
303. | 0.070 | 129 83 54 41 0.588 110.0 
0.086 
10 0.941 145 188 19 172 0.089 6.1 
21 0.961 136 228 24 205 0.106 7.8 
4i 0.869 169 164 28 139 0.165 9.7 
62 0.655 187 141 26 121 0.152 8.2 
80 0.716 173 12 4 8 0.405 23.4 
121 7 0.823 195 17 li 10 0.531 27.2 
150 0.647 170 9 10 4 0.811 47.6 





A survival curve based on averages of the data from all experiments (Fig. 1) was used to estimate surviving fractions for the exposures at 10.3-38.0 rad min™'. For 
the low-dose rate exposures, surviving fractions are those determined from the same population used to estimate the transformation frequency. Details of the A 
calculation and its standard error are given in ref. 5. A, The average number of transformed foci per dish, was computed from the proportion of dishes free of. 
transformed colonies, f, by A = —In f. Transformation frequency = A/number of surviving cells per dish. Controls, that is, unirradiated cells, represent the cumulative 


data from the transformation experiments reported for this and other studies*~* 


* Number corrected for plating efficiency of unirradiated cells and surviving fraction per 90-mm plastic Petri dish. 


+ Total number of type 2 and 3 transformed foci’. 


or two divisions during exposure, depending on the length of 
exposure. However, flow cytofluorographic analyses of the 
DNA content of the cells in each sample, using an Ortho 
Instruments 2150 system, indicated that no significant perturba- 
tion in distribution of cell cycles occurred until 150 rad had 
accumulated at 0.43 rad min™', or 100 rads at 0.086 rad min™*. 
Thus, it is unlikely, especially at the smaller doses, that our 
results were significantly affected by changes in cell-cycle distri- 
butions during exposure. 

There was no apparent reduction in transformation frequency 
when the dose rate of fission-spectrum neutrons was reduced 
by a factor of 200 (38.5 to 0.086 rad min”). Indeed, whereas 
at higher doses the high and protracted dose rates seemed to 
induce the same transformation frequency, at 10-70 rad there 
was a significant enhancement of transformation frequency for 
dose rates of 0.43 and 0.086 rad min™'. The data for transforma- 
tion at high dose rates in Fig. 2 are a combination of those 
previously published* and those obtained in the present series 
of experiments; the two sets of results did not differ significantly 
and therefore were pooled. Table 1 summarizes the results 
plotted in Figs 1 and 2. 

Although cells apparently are unable to repair sublethal 
damage when exposed to the JANUS reactor beam at reduced 
dose rates, consistent with earlier studies performed with the 
same beam using fractionation of high dose-rate exposures®? 
the enhanced transformation shown in Fig. 2 is unexpected. 
Han and Elkind? showed that the fractionation of high dose-rate 
exposures of neutrons from the JANUS reactor had little if any 
effect on transformation frequency per surviving cell. Figure 2 
shows that reduced dose rates significantly enhance transforma- 
tion in the low dose region from 10-70 rad, with no concomitant 
effect on survival (Fig. 1). 

To illustrate further the qualitatively unexpected nature of 


our transformation results, Fig. 3 compares the ratios of trans- 
formation frequencies per survivor at low to high dose rates 
for neutrons from the JANUS reactor and for °°Co y rays’. 
Clearly, the reduced dose rates of y-ray irradiation, in the 
0-100 rad region, are less effective than high dose rates, while 
for the same dose interval, low dose rates of fission-spectrum 
neutrons are appreciably more effective than high dose rates. 
Furthermore, few if any of the changes in transformation 
frequency can be attributed neither to differential cell killing, 
in view of the small amount, and dose rate independence of 
lethality in this dose range (Fig. 1), nor to parasynchronous 
effects as already noted. 

There are some indications, primarily from results obtained 
with in vivo systems’? ™?, that low dose rates of fission-spectrum 
neutrons may be more effective at producing tumours than high 
dose rates. However, interpretation of the results following 
whole-body exposures is complicated by the interactions amon $ 
different tissue and organ systems (for example, see Fry‘? 
reference to the induction of Harderian gland tumours). Our 
results, obtained with actively growing mammalian cells in 
culture, show that enhanced induction rates of neoplastic trans- 
formation could be due to intracellular events in the target cells 
themselves. A similar specificity applies to the observation that 
reduced transformation frequencies due to low dose rates of 
6Co y rays result from repair processes in the target cells’. 

Finally, we may draw from our data several inferences about 
mechanisms. Compared with y rays, fission-spectrum neutrons 
may be considered a high linear energy transfer (LET) radiation. 
The shoulder on the neutron survival curve indicates that 
accumulation of sublethal damage contributes to cell killing 
and that such damage is not repaired, in contrast to the repair 
of sublethal damage from y rays observed for prolonged 
exposure’. As an acute dose of fission-spectrum neutrons does 
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not prevent the repair of the damage that is additive to X-ray- 
induced sublethal damage’, we infer that different targets are 
affected by high as opposed to low LET radiation and that the 
damage (or the target) responsible for neutron-induced killing 
cannot be repaired. With respect to transformation, we note 
that, at reduced dose rates of y rays, survival increases but 
transformation per surviving cell decreases, both relative to 
high dose rate exposure, and that transformation is reduced 
even in the dose region where cell killing is minimal. In similar 
exposure conditions, reduced dose rates of fission-spectrum 
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Fig. 2 Transformation frequency per surviving cell for 1OT1 /2 
cells exposed to fission-spectrum neutrons (data given in Table 
1). The broken line represents the acute dose rate curve and the 
solid line indicates the data from both low dose rates used. Other 


details as for Fig. 1. 
100 


Ratio of transformation frequency ( low/high dose) 


0.19 50 100 150 200 
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Fig. 3 The ratio of transformation frequency per surviving cell 

for low compared with high dose rates, obtained for 10T1/2 cells, 

as a function of dose. For both fission-spectrum neutrons and 

"Co y rays, the doses refer to the integrated exposures of popula- 

tions of cells. Dose rate independence would plot as the broken 

line shown. @, A=0.43 and 0.086 rad min” , respectively, of 
JANUS neutrons. A, 0.1 rad min”! Co y rays. 


neutrons result in enhanced transformation. Thus we infer that 
the repair of y-ray-induced transformation damage has a net 
error-free component of repair, and that the increase in 
neutron-induced transformation results from a net error-prone 
component of repair independent from sublethal damage in 
view of the dose rate independence of the latter. Further experi- - 
ments are in progress to determine whether the same targets 
are involved in transformation induced by high- compared with 
low-LET radiations. 

This research was supported by the US Department of Energy 
under contract no. W-31-109-ENG-38. We acknowledge the 
assistance of E. Buess and J. Dainko. We also thank G. Holm- 
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the smooth running of the reactor. 


Received 5 February, accepted 26 April 1982 


1, Rexmkoff, C A, Brankow, D W & Herdelberger, C Cancer Res 33, 3231-3238, 
3239-3249 (1973). 
Hen, A, Hil, C K. & Elkmd, M M Int J Radiat Biol 37, 585-589 (1980). 
Han, A., Hill, C K. & Elkind, M. M Cancer Res 40, 3328-3332 (1980) 
Han, A. & Elkind, M M. Radiat, Res 74, 88-100 (1978) 
Han, A. & Elkind, M M. Cancer Res 39, 123-130 (1979) 
Sinclar, W. K. Dison of Biological and Medical Research, A Rep., 29-31 (Argonne 
National Laboratory, 1970) 
Smelar, W. K Dision of Bwlomcal and Medical Research, A Rep, 152 (Argonne 
National Laboratory, 1973) 
8 Ngo, F Q. H., Han, A., Utsum, H. & Elkmd, M. M Int J Radiat Oncol Biol Phys 
3, 187-193 (1977) 
9 Ngo, F Q. H, Uteum, H, Han, A. & Elkind, M M. Int J. Radiat Biol 36, §21-530 
(1979), 
10 Thomson, J F, W 
559-572, 572-588 (1981) 
11. Vogel, H. H & Dickson, H. W Abstr. 29th a. Meet Radiation Research Soctety, Min- 
neapolss (1981); Radiat Res, 87(2), 453 (1981). 
12 Fry, R.J M. Int J. Radiat Oncol. Biol Phys 3, 219-226 (1977) 
13, Ulinch,R L, & Stover, J.B Abstr 29th a Meet Radiation Research Society, Minneapolis 
(1981); Radiat Res 87(2), 454 (1981) 


a a a E E 


Malignant transformation of human 
embryo retinoblasts 
by cloned adenovirus 12 DNA 


Ata WWD 


~“ 


F S., Grahn, D & Amsworth, E J Radiat Res. 86(3), 





P. Byrd, K. W. Brown & P. H. Gallimore 


Cancer Research Campaign Laboratories, Department of Cancer 
Studies, University of Birmingham, The Medical School, 
Birmingham B15 2TJ, UK 





Human adenoviruses can morphologically transform rodent 
cells in vitro. The transforming gene(s) resides in the early 
region 1 (E1) transcription unit (0-11.2 map units) at the left 
end of the conventional adenovirus genome’. The only 
adenovirus-transformed human cell line reported so far, the 
293 cell line, was isolated from cell cultures transfected with 
sheared DNA of the non-oncogenic subgroup C adenovirus 
type 5 (Ad 5)*°. The ability of this line to complement the 
growth of Ad 5 E1 mutants has facilitated the isolation of 
transformation-defective Ad 5 mutants’*, As no oncogenic 
subgroup A adenovirus type 12 (Ad 12) transformed human 
cell lines were available for the selection of Ad 12 E1 mutants, 
we attempted to isolate such lines by transfecting cell cultures 
with a recombinant plasmid (pAsc2) which contained the Ad 
12 EcoRI-C DNA fragment (0-16.5 map units) inserted at the 
EcoRI site of pAT153 (ref. 9). We describe here the isolation 
of a pAsc2-transformed human embryo retinoblast cell line 
that contains many copies of the Ad 12 transforming region, 
expresses virus-specified proteins and, following inoculation 
into athymic mice, forms tumours which resemble retinoblas- 
tomas. 

The suggestion that Ad 12-induced rodent tumours originate 
specifically from primitive neural epithelium’, together with 
the discovery that this virus induces retinal tumours following 
intraocular inoculation of rats and baboons!"!?, prompted us 
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Fig. 1 An edge of a pAsc2-transformed human embryo retino- 
blast focus. The retinas from the eyes of an 18-week-old male 
fetus (therapeutically aborted) were distributed in six 50-mm tissue 
culture dishes and grown in RPMI medium containing 20% fetal 
calf serum (FCS) and antibiotics (penicillin and streptomycin, 100 
units ml”). Ten days after seeding, the cultures (containing ~ 1 x 
10° cells per dish) were transfected with pAsc2 (10 wg per dish) 
using the calcium phosphate precipitation technique? with the 
glycerol boost”. Seventeen hours after transfection, each culture, 
including two control cultures which were transfected with 
pAT153 alone (10 pg per dish), was subcultured to four 50-mm 
dishes. The cells were then grown in RPMI medium containing 
5% FCS and antibiotics. Only one PAsc2-transformed focus (F) 
was identified against the background of normal (N) cells; the 
experiment was terminated 10 weeks after transfection. This focus 
was isolated and established in a 35-mm dish and after 14 days 
the transformed cells were transferred to a 50-mm dish. This 
transformed cell line (Ad 12 HER1) was subsequently grown and 
passaged in 90-mm dishes at a split ratio of 1:15, the cells are 
maintained in RPMI containing 10% FCS and antibiotics. x75. 


to attempt to transform human embryo retinoblasts (HER cells) 
in vitro with pAsc2. Primary cultures of human retinoblasts 
were transfected with pAsc2, and one transformed focus, 
identified 45 days after transfection (Fig. 1), was isolated and 
established as a continuous cell line. This cell line has been 
designated Ad 12 HER 1 and is the first reported Ad 12- 
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Fig. 2 Detection of Ad 12 DNA sequences in Ad 12 HERI cell 
DNA. Samples (5 ug) of Ad 12 HER] DNA were digested with 
restriction endonucleases, electrophoresed in a 0.8% agarose gel 
and subjected to Southern blotting analysis as described pre- 
viously”. Track 1, 5 wg normal HEK cell DNA and 20 pg Ad 12 
DNA (equivalent to ~0.64 copies per cell) digested with EcoRI, 
track 2, high molecular weight Ad 12 HER1 DNA; tracks 3, 4, 
5, 6, 7, 8, Ad 12 HERI DNA digested with Bglll, Ssi, EcoRI, 
BamHI, Xbal and Hindlll respectively: tracks 9, 10, 11, 12, 13, 
5 HB normal HEK cell DNA and 20 pg pAsc2 (equivalent to 2.4 
copies per cell) digested with Bgill, EcoRI, BamHI, Xbal and 
Hindili respectively. Track 1 was hybridized with *’P-labelled 
Ad 12 DNA; tracks 2-13 were hybridized with *’P-labelled Ad 
12 EcoRI-C DNA fragment. The sizes of the Ad 12 DNA EcoRI 
fragments (in kilobase pairs) are indicated. Summation of the 
autoradiographic bands and their intensities indicates that each 
Ad 12 HERI cell contains the equivalent of ~50 copies of the 
Ad 12 EcoRI-C DNA fragment. 


transformed human cell line. Cytogenetic analysis revealed a 
pseudotetraploid human karyotype. We have grown the Ad 12 
HER1 cell line beyond the 36th tissue culture passage level 
and at no time has its growth entered a crisis phase. This is in 
contrast to the establishment of the 293 cell line®. 

Human embryo retinoblasts are the only human cell type we 
have been able to transform reproducibly with pAsc2. In two 
recent experiments, 10 transformed cell foci were identified in 
seven dishes of pAsc2-transfected HER cells (10 wg pAsc2 per 
1x 10° cells per dish); 4 of these foci were isolated and estab- 
lished as cell lines. The low specific transforming activity of 
pAsc2 on HER cells, which is an order of magnitude lower 
than on cultures of primary rat cells’, is > 100-fold higher than 
that on human embryo kidney (HEK) cells. The isolation and 
biological properties of the pAsc2-transformed HEK cell lines 
and additional pAsc2-transformed HER cell lines will be repor- 
ted elsewhere (J. Whittaker, P.B. and P.H.G. in preparation). 

When Ad 12 HER1 cell DNA was digested with the restric- 
tion endonucleases BglII or Sst] and subjected to Southern 
blotting analysis’? using **P-labelled Ad 12 EcoRI-C DNA 
fragment as probe, Ad 12 sequences were found on many DNA 
fragments (Fig. 2, tracks 3 and 4, respectively) whose sizes 
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Fig. 3 Immunoprecipitation of Ad 12-specific proteins. Ad 12 
HER 1 cells, HEK cells or Ad 12-infected HEK cells (15h after 
infection at M.O.I, of 400 plaque-forming units per cell) were 
preincubated in 9-cm dishes for 1h in 3 ml of methionine-free 
modified Eagle’s medium, containing 2% (v/v) FCS, and then 
labelled for 2h in the same medium containing 100 pCi L-*°S- 
methionine (> 600 Ci mmol ! Amersham). Cleared extracts were 
made from the labelled cells and aliquots were immunoprecipi- 
tated with normal rat serum or Ad 12 tumour-bearer serum (pAsc2 
HLBRK1 Ad 12/LP/100-1 or 0.5J4) essentially as described 
elsewhere?’ . Immunoprecipitates were run on 40-15% gradient 
SDS- polyacrylamide gels" “and *°S-labelled proteins were detec- 
ted by fluorography*’. The cell extracts and tumour bearer sera 
are identified above the tracks; normal rat serum and rat sera 
raised against pAsc2 HLBRK1, Ad 12/LP/100-1 or 0.534 are 
identified as N, A, 100 and -5 respectively. ©, Ad 12-specific 
proteins expressed in Ad 12 HER] cells. The positions and sizes 
of molecular weight standards are indicated to the left of the tracks 
containing extracts of Ad 12 HER1 cells; their positions in the 
tracks containing extracts of uninfected and Ad 12-infected HEK 
cells are indicated by lines connecting to the Ad 12 HERI tracks. 
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rig. a, Section through a cerebral tumour produced in a nude 
mouse following intracranial inoculation of Ad 12 HER1 cells. 
The arrow indicates a Homer—Wright rosette. The tumour was 
fixed in FAM (formaldehyde, acetic acid and methanol (1:1 : 8), 
paraffin sectioned and stained with haematoxylin-eosin. x650. b, 
Electron micrograph of part of an Ad 12 HER] cell showing a 
longitudinal section through a cilium and a multilamellar structure 
(arrow) which is reminiscent of the outer segment of a photorecep- 
tor cell (x31,250). Inset, transverse section of an Ad 12 HER1 
cilium showing 9+0 microtubule configuration (x75,000). Cells 
were fixed in 1% glutaraldehyde and post-fixed with 1% osmium 
tetroxide, Sections were stained with uranyl acetate and lead 
citrate. 


ranged from >12 kilobase pairs (12 kb) to 2.2 kb. As these 
enzymes cleave host DNA sequences only, each fragment rep- 
resents a separate insert of pAsc2 sequences. DNA fragments 
which co-migrated with the Ad 12 EcoRI-C DNA fragment 
and linear pAT153 DNA (data not shown) following digestion 
of Ad 12 HER1 DNA with EcoRI (Fig. 2, track 5) produced 
intense autoradiographic bands. This suggests that Ad 12 HER1 
cells contain intact, integrated copies of the viral and vector 
sequences and it is likely that some of the inserts contain tandem 
repeats of the entire recombinant plasmid. The Ad 12 and Ad 
12-pAT153 DNA fragments expected from digestion of pAsc2 
by EcoRI, BamHI, HindIII or Xbal were all identified in Ad 
12 HER1 DNA following digestion with these enzymes (Fig. 
2, tracks 5, 6, 7, 8). In addition, other fragments were identified 
which contained both Ad 12 DNA and pAT153 or these DNA 
species independently. The structures of these fragments, 
ranging in size over >12-0.63 kb, have not been determined. 

*°§-methionine-labelled extracts from Ad 12 HERI cells or 
HEK cells collected 18 h after infection by purified Ad 12 virus 
were immunoprecipitated using Ad 12 tumour-bearer rat sera. 
The sera were raised against tumorigenic cell lines that 
expressed proteins from Ad 12 early region 1 and other early 
regions (0.5J4)'* or from E1 only (Ad 12/LP/100-1 (ref. 15) 
and pAsc2 HLBRK1 (ref. 9)). Polypeptides with molecular 
weights of 52,000 (52K), 41K and 18K were detected (Fig. 3) 
and as they were not immunoprecipitated from extracts of 
uninfected HEK cells, must be authentic Ad 12-specified pro- 
teins. Therefore, Ad 12 HER] cells express proteins which are 
known to be encoded within the Ad 12 E1 transcription unit'®”, 

The tumorigenic potential of Ad 12 HER1 cells has been 
ascertained by inoculating 6-10-day-old congenitally athymic 
nude mice. Subcutaneous inoculation of 5x 10° Ad 12 HERI 
cells at the fifth, sixth and seventh tissue culture passage levels 
resulted in tumours at the site of inoculation in 1/7, 1/5 and 
1/6 injected animals respectively, with latent periods of 73-89 
days. However, all animals (4/4) injected intracranially with as 
few as 1x 10* cells at the eighth passage died from cerebral 
tumours with a mean time to death of 75 days. Thus, Ad 12 
HER1 cells are highly tumorigenic when inoculated intra- 
cranially. Histological analysis of Ad 12 HER1-induced 
tumours showed them to consist of clusters of small cells with 
many mitotic figures. Homer—Wright rosettes and incomplete 
rosettes were frequently seen (Fig. 4a); these rosettes and 
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Flexner—Wintersteiner rosettes are characteristic of poorly 
differentiated human retinoblastomas"*. 

Electron microscopic analysis occasionally revealed cilia with 
9 + 0 microtubule configuration on Ad 12 HERI cells (Fig. 46 
and inset). This configuration is characteristic of cilia of normal 
human retinal photoreceptor cells and retinoblastoma cells!’ 
and has also been observed in cilia of Ad 12 virus-induced 
retinal tumours of the rat and baboon''"*. In Ad 12 HER1 
cells we also observed oval membranous structures adjacent to 
the cilia (Fig. 46). Although we have been unable to identify 
these bodies with certainty, they are reminiscent of the outer 
segments of photoreceptor cells; similar disk-like membranous 
structures have been found in human retinoblastoma cells’’. 

Ad 12 HERI cells are completely permissive for Ad 12 virus 
replication and we are attempting to isolate Ad 12 E1 mutants 
by complementation on this cell line. However, re- 
combination between transfecting mutated viral genomes and 
the abundant Ad 12 sequences in this cell line, may preclude 
the isolation of E1 mutants. Therefore, we are also attempting 
to isolate mutants on other pAsc2-transformed HER and HEK 
lines which contain low copy numbers of integrated Ad 12 early 
region 1. 

Whereas the use of liquid-phase saturation-hybridization 
with radiolabelled adenovirus DNA to screen DNA and RNA 
from a large number of human cancers failed to detect 
adenovirus-specific sequences****, it has been claimed that 
adenovirus-related mRNA can be detected by in situ hybridiz- 
ation of radiolabelled adenovirus DNA onto cryostat sections 
of human neurogenic tumours™*. Although many adenovirus 
serotypes cause eye infections, the only circumstantial evidence 
that Ad 12 may cause ocular diseases is derived from animal 
models of retinoblastoma'’’*. The evidence presented here 
demonstrates that cloned Ad 12 E1 region can transform human 
cells, and as Ad 12-transformed human embryo retinoblasts 
produce tumours which resemble poorly differentiated retino- 
blastomas, we believe that further study of retinoblastomas for 
adenovirus nucleic acids is warranted. 

We thank Professor D. G. Harnden for his encouragement 
throughout this study and for helpful discussion of the manu- 
script, Dr D. R. Barry for help with the tumour pathology, Val 
Nash and Paul Reeve for technical assistance, Sue Williams for 
printing the illustrations and Debbie Williams for typing the 
manuscript. This study was supported by the Cancer Research 
Campaign (CRC). P.H.G. is a CRC Fellow. 
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Delire et al.’ have reported antigen-antibody (Ag-Ab) com- 
plexes in newborns, fed on cow’s milk, 6 days after birth, 
whereas they were absent from breast-fed neonates. The 
method they used was the inhibition of latex-IgG agglutination 
by polyclonal rheumatoid factor (pRF), linked to the Ag-Ab 
complexes’. The presence of immune complexes was attributed 
to the passage through the placenta of maternal IgG with 
antibody activity against proteins in cow’s milk. This interpreta- 
tion was also based on the characterization of the Ag—Ab nature 
of the immune complex-like material. We have now used the 
same and a different method to study a similar population of 
newborns. Our results are very different from those of Delire 
et al. We conclude that the possible pathogenicity of immune 
complexes cannot be assessed on the basis of a single insensitive 
test and in the absence of symptoms of serum sickness. 

We have studied a population of newborns similar to that 
examined by Delire et al., 24 bottle-fed and 53 breast-fed, for 
the presence of immune complexes in cord sera and serum 
samples collected 6 days after birth. We have used the same 
method as Delire et al.' and, in addition, the Clq—-SP assay of 
Hay et al.’. 

Our results obtained with the pFR-inhibition test were very 
different from those of Delire et al.; in fact we observed a very 





Table 1 Immune complexes detected by pRF-inhibition method 





in neonates 
Subjects N Cord blood Day 6 
Breast-fed 53 20 (38%) 19 (36%) 
Bottle-fed 24 5 (21%) 4 (17%) 





high incidence of immune complexes in umbilical cord sera, © 


and no significant change 6 days after birth. Furthermore, there 
was no difference between breast-fed and bottle-fed neonates 
and the increase in the number of immune complexes was 
absolutely random (Table 1). 

In contrast, using the Clq-SP assay we found only three 
samples of cord sera positive for immune complexes and, 6 
days after birth, only two sera were positive, both in the breast- 
fed group (Table 2). 

These observations stress the fact that the same serum popu- 
lations can give very different results with different methods 
for immune complex evaluation. In the Clq-SP assay, using 





Table 2 Immune complexes detected by Clq-SP method in neonates 





Subjects N Cord blood Day 6 
Breast-fed 53 3 (6%) 2 (4%) 
Bottle-fed 24 0 0 





Staphylococcus aureus protein A as detector, it is mainly IgG1 
complexes that are identified, whereas the pRF-inhibition test 
has a wider spectrum of detection. 

The difference between our data and those of Delire could 
be due to the fact that the pFR-inhibition test used, although 
simple and easy to perform, has too subjective a reading, 
depends on the source of pFR used (which may affect agglutinat- 


ing activity) and on the IgG levels on the surface of the latex 
particles. Furthermore, it is very important that the presence 
of immune complexes be linked with symptoms of serum 
sickness. 

Thus, we believe that it is impossible to draw conclusions 
about the pathogenic role of Ag—Ab complexes on the basis of 
a single insensitive test and in the absence of characteristic 
symptoms. 
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The binding of C3b, the opsonic fragment of the third com- 
ponent of complement (C3), to bacterial surface structures 
mediates two events important in host defence: assembly of 
the C5b-C9 lytic complex and opsonic recognition by 
phagocytic cells (for reviews see refs 1, 2). These interactions 
proceed through a labile binding site? located on the a’ chain 
of the C3b molecule, with the resultant formation of a covalent 
oxy-ester bond** in which the acyl group is contributed by the 
protein. By exposure of a titratable sulphydryl group’ an 
internal thiolester of native C3 has also been localized to the 
«' chain. Studies with '*C-methylamine, a nucleophile which 
is inherently reactive with a thiolester, have further indicated 
a stoichiometric (1:1) and covalent interaction, again within 
the a’ chain*”°. After reaction of the native protein with 
14C. methylamine and radioalkylation of the exposed sulphydryl 
with *H-iodoacetic acid, a 35-residue tryptic peptide has been 
isolated that yields the sequence -Cys -Gly-Gla-Glu"- on 
Edman degradation; tritium counts are released at step 9 
(S[°H]-(carboxymethyl)cysteine) and “*C counts at step 12 
(y-glutamyi[’“C]methylamide)*. We now present data which 
directly demonstrate that the second glutamyl residue of the 
reactive thiolester can, on proteolytic cleavage of the protein, 
donate its carbonyl group in a transesterification reaction with 
appropriate acceptor molecules. These results provide a model 
for analysis of the interactions at the molecular level between 
surface constituents of microorganisms and C3b. 

Small molecules such as oligosaccharides and amines have 
been shown to inhibit C3 uptake onto Sepharose—trypsin 
matrices''!?, while other studies have shown direct incorpor- 
ation of radiolabelled sugars and amino acids into nascent C3b 
and have localized the site of incorporation to the «' chain’**. 
To define this site more precisely, purified human C3’* was 
cleaved into fragments C3a and C3b in the fluid phase by limited 
tryptic digestion’ in the presence of 100mM “‘C-sucrose, 
4C_p-plucosamine or “C-glycerol (NEN; each diluted to a 
specific activity of 1.5 mCimmol’). For all experiments, C3 
was >80% native as assessed by sulph | group titration in 
the presence and absence of methylamine*’®. Controls for each 
reaction included native C3 without trypsin (C3) and pretrypsin- 
ized C3 (C3b), incubated in identical conditions of temperature 
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Table 1 Incorporation (mol per mol) of radioactive ligand into total C3 





C3 C3b C3 + trypsin 
''C-sucrose 0.42 0.45 0.72 
Cc glucosamine 0.19 0.13 0.20 
„C-glycerol 0.04 0.04 0.35 
'4C-threonine 0.02 0.05 ' 0.63 





Incorporation was determined oyp measurements of radioactivity and 
absorbance at 280 nm (E] 2, =9.3)*4 


(37°C) and time with each of the radiolabelled compounds. 
Results of SDS-polyacrylamide gel electrophoresis and 
autofluorography are presented in Fig. 1. For each sample, 
incorporation of ligand, expressed as mols of ligand per mol 
C3, is shown in Table 1. An identical study was performed with 
100mM **C-L-threonine (Amersham; uniformly labelled, 
diluted to a specific activity of 0.83 mCi mmol’), and the results 
are shown in Fig. 2 and Table 1. 

These experiments demonstrate that generation of C3b (C3 + 
trypsin) in the presence of either '*C-glycerol (Fig. 1) or 'C- 
threonine (Fig. 2) results in covalent binding of the ligand 





NativeC3 C3b C3 C3 C3b C3 C3 C3b C3 
C3 + + + 


Tryp | Trypy 


'*C-glycerol 


| Trypj 


14C-sucrose 


14C-glucosamine 


Fig. 1 SDS el and autoradiogram of human C3 preparations 
reacted with ““C-sucrose, '*C-p D-glucosamine and “C-glycerol. 
Each sugar derivative was reacted with the following C3 species: 
native (C3); pretrypsinized (C3b); trypsin-activated (C3 + trypsin). 
The far left lane represents untreated native C3. Purified C3 was 
dialysed overnight at 4°C against 0.01M Tris-HCI (pH 7.5), 
0.15 M NaCl, 0.002 M Na EDTA. Trypsin digests (0.05%, w/w) 
were terminated at 16 min (37 °C) with the addition of a 10-fold 
molar excess of soybean trypsin inhibitor (Worthington). Samples 
were reduced in 1% SDS, 0.01 M dithiothreitol (2h, 37°C), 
alkylated with iodoacetamide (10% in excess of reducing thiol) 
and dialysed against 0.1 M Tris-HCI (pH 8.0), 0.01 M Na, EDTA, 
0.1% SDS. In the upper panel the chain structure of C3 (a, B) 
and C3b fa’ , B) is visualized by staining the 7.5% polyacrylamide 
slab gel’ with Coomassie blue R250. The lower panel shows the 
corresponding gel prepared for autofluorography”’. 














SUMS i RAR iieii 
Native C3  C3b “C3 
C3 + 
Trypsin 


L ‘*c-threonine J 
Fig. 2 SDS gel (upper panel) and autoradiogram (lower panel) 


of human C3 preparations reacted with '*C-L-threonine. See Fig. 
1 for description of method. 


specifically to the a’ chain. The negligible (<0.05 mol per mol) 
incorporation of these two compounds into the control samples 
(C3, C3b) confirms that proteolytic cleavage of native C3 is a 
requirement for the covalent binding interaction and empha- 
sizes the short lifetime of the labile binding site in C3b. In 
contrast, although '*C-sucrose and “C-glucosamine are incor- 
porated preferentially into the a’ chain (C3+trypsin), a 
significant amount of label is associated with both chains of i 
control C3 and C3b samples (Fig. 1). These high levels of 
nonspecific incorporation for sucrose and glucosamine pre- 
cluded their use in further studies (Table 1). By analogy, radio- 
labelled glucose preparations have frequently been shown to 
be contaminated with high specific activity components which 
react nonspecifically and covalently with proteins’. 

Accordingly, preparative experiments which would yield 
sufficient quantities of glycerol- or threonine-labelled protein 
for sequence analysis were performed. Purified human: C3 
(50 mg) was reacted with TPCK-trypsin in limited conditions 
in the presence of 100 mM ‘*C-glycerol (0.25 mCi mmol™’*) or 
100 mM '“C-threonine (0.28 mCi mmol”). The mixture was 
treated with activated thiol-Sepharose and the bound C3b 
subjected to extensive trypsin digestion. Isdlation of the tryptic 
peptide containing the labile binding site and radio-alkylation 
of the exposed sulphydryl group with *H-iodoacetic acid 
(54.6 mCi mmol™') were carried out as previously described’. 
On elution of the tryptic peptides from Sephadex G-75 
(Superfine), `H and '‘C radioactivity (d.p.m.) coincided in a 
single peak (Fig. 3) which was subsequently subjected to Edman 
degradation. The mol fraction of C3 that incorporated ‘C- 
glycerol or '*C-threonine was 0.35 and 0.38, respectively. For 
the threonine-labelled peptide, material in the excluded peak 
represented incompletely digested sample. 

The threonine-bearing peptide was lyophilized, dissolved i in 
1.0 ml distilled water and dialysed against 0.001 M N-ethyl- 
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Fig. 3 Elution profile of the **C- 
glycerol-labelled (a) and *C- 
threonine-labelled (b) peptides. A 
1.5 220 cm column of Sephadex G- 
75 SF was equilibrated with 0.01 M 
Tris-HCl (pH8.0), 0.2% SDS, 
0.001MNazEDTA. Radioactivity 
coincided with the major peak of 
absorbance at 230 nm (not shown), 
The yield of glycerol-labelied peptide 
(35%) was calculated based on the 
known specific activity of °H- 
iodoacetic acid and nanomols of C3b 
bound to thiol-Sepharose. The yield 
of threonine-labelled peptide was 
33%. 


3H(d.p.m. x 10-*) (@) 


morpholine (pH 7.5), 0.01% SDS. Automated Edman degrada- 
tion was carried out with a Beckman 890C sequencer using a 
0.1 M Quadro! program and Polybrene. Analysis of 23.6 nmols 
of *C-threonine-labelled peptide (Fig. 4) showed the °H counts 
to be present at step 9, confirmed as S-{°H]-(carboxy- 
methyl)cysteine; the ““C label was quantitatively recovered at 
step 12, the location of the thiolester glutamyl residue. The 
predicted oxy-ester bond of the polyol-modified peptide proved 
too labile to withstand the acid pH inherent in the Edman 
procedure. Therefore, 23 nmols of the ‘“C-glycerol-bearing 
peptide were lyophilized and subjected to ammonolysis in 1.0 M 
ammonium acetate at pH 10.0 for 2 h at 37°C. An additional 
22.5 nmols of the glycerol-bearing peptide were left unreacted 
as a control, lyophilized and then dissoived in 1.0 mi distilled 
water, After dialysis against 0.001.M MN-ethylmorpholine 
(pH 7.5), 0.01% SDS, the peptide treated with ammonium 
acetate released 66% of its “C counts, while all “C radioactivity 
remained bound in the control peptide. In neither peptide was 
release of °H counts detected. On Edman degradation of the 
amidated peptide, the "H label was recovered at step 9, 
identified as S-[°H]-(carboxymethyl)cysteine, and >95% of the 
predicted glutamine was detected at step 12. For the experi- 
mental peptide, the recoveries of the phenylthichydantoin 
derivatives were as follows for steps 9-13: (9) Cys, 2.3 nmols; 
(10) Gly, 1.6 nmols; (11) Glu, 1.1 nmols; (12) Glu, 0.7 nmols 
and Gin, 0.4 nmols; (13) Asn, 0.8 nmols. No glutamine was 
detected by HPLC at any of the first 14 steps in the non- 
amidated peptide. 


3H(d.p.m. x 1074) (@) 
**C(d.p.m. x 10-7) (O) 





Fig. 4 Profile of the °H and ‘*C counts observed on Edman 

degradation of the '“C-threonine-labelled peptide. The recoveries 

of specific counts were 33% of the °H at step 9 and 16% of the 
14C at steps 12, 13 and 14. 
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The specific labelling data obtained in these studies clearly 


-demonstrate that the second giutamyl residue, contained in the 


C3 sequence -Cys-Gly-Glu-Glu-, is the reactive species in- 
volved in covalent bonding with small molecules. In the native 
protein this residue participates in the formation of a thiolester 
bridge to the cysteinyl sulphydryl group. On proteolytic 
cleavage, this carbonyl group transesterifies with an acceptor 
molecule, releasing the cysteinyl sulphydryl. The reaction with 
glycerol is clearly one of O-acylation. For L-threonine, the 
resultant linkage with C3 is amide in nature (hydroxylamine 
insensitive *, stable on Edman degradation). It is not possible, 
however, to distinguish between direct N-acylation of the a- 
amino group and/or O-acylation at the 8-hydroxyl group with 
subsequent rearrangement through an O-N shift. N-acylation 
has been proposed to account for a stable linkage observed 
between C3b and the Fd region of rabbit IgG". 

Recently, the thiolester site has been positioned by sequence 
analysis at the amino-terminal end of C3d’°, a subdomain of 
the a’ chain. The presence in native C3 of a reactive thiolester 
is not, however, an isolated phenomenon: evidence has been 
presented for an identical site in a2~macroglobulin®”° and in 
C4?'?__two other proteins which also function in host defence. 
Thus, the characterization of the reactive species involved in 
the binding of C3b provides both a model and a method for 
identifying specific sites of acylation on pathogenic organisms 
in which phagocytosis is mediated by C3b. 

We thank Paul Gallop for his suggestion of the ammonolysis 
reaction and for discussion during these studies; we also thank 
Alex Law for suggesting the use of L-threonine. A preliminary 
report of these data has been presented elsewhere”. This 
research was supported by USPHS Grant AI 17146, American 
Heart Association grant 80-841 and by a Child Health Research 
Grant from the Charles H. Hood Foundation to M.K.H.; B.F.T. 
is the recipient of an Established Investigatorship (77-168) from 
the American Heart Association. 
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Granulocyte-macrophage colony stimulating factors (GM- 
CSFs) regulate the growth and differentiation of committed 
granulocyte and macrophage progenitor cells’ >. Operationally, 
the factors are recognized by their ability to stimulate the 
formation of granulocyte and macrophage colonies in semi-solid 
cultures of bone marrow cells. GM-CSFs are produced by a 
variety of tissues, and prominent cellular sources in man include 
T lymphocytes and mononuclear phagocytes’*~’. The factors 
obtained from most sources are glycoproteins of molecular 
weight 20,000—70,000. At least two major GM-CSF subtypes 
have been distinguished in mice and humans on the basis of 
biological activity in vitro: one primarily stimulates the forma- 
tion of macrophage colonies, while the other stimulates the 
fomation of both granulocyte and macrophage colonies'*. We 
report here the translation and partial characterization of a 
messenger RNA for human GM-CSF that stimulates both 
granulocyte and macrophage colonies. The mRNA was isolated 
from a human T-lymphocyte cell line, and when injected into 
Xenopus laevis oocytes’ it directed the synthesis of biologically 
active GM-CSF. 

Human GM-CSFs have been partially purified and character- 
ized from urine and from medium conditioned by placenta, 
leukocytes, lung and several tumour cell lines’. For our studies 
of GM-CSF mRNA we used a human cell line (Mo) containing 
predominantly helper T lymphocytes that constitutively pro- 
duces and secretes into the medium a GM-CSF stimulating the 
formation of both granulocyte and macrophage colonies in 
vitro’*"*, The Mo cell line is an exceptionally rich source of 
GM-CSF and unlike most other sources, appears to produce a 
single GM-CSF subtype. The production of GM-CSF is 
approximately doubled by the inclusion of phytohaemagglutinin 
in the culture medium’®. Physically the Mo cell GM-CSF is an 
acidic glycoprotein of molecular weight ~30,000 (ref. 11). 

Whole cell RNA was isolated from Mo cells using a guanidine 
thiocyanate extraction procedure’’, and poly (A)-containing 
RNA was enriched using oligo (dT)-cellulose chromatogra- 
phy’*. The resultant poly(A) RNA was contaminated to ~50% 
with ribosomal RNA as judged by agarose gel electrophoresis 
and a tritiated poly(U) hybridization assay’*. Oocytes were 
injected with 30-50 ng of the poly(A) RNA, and after 1-3 days’ 
incubation the oocyte culture medium stimulated the formation 
of clusters and small colonies in agar cultures of human bone 
marrow. For example, when injected oocytes were incubated 
for 3 days in Barth’s medium (20 ul medium per oocyte) con- 
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Fig. 1 Fractionation of Mo T-cell poly(A)-containing RNA using sucrose 
gradient centrifugation. Mo cells were grown and induced for 48h with 
phytohaemagglutinin (Burroughs-Wellcome) as described previously? In 
these conditions GM-CSF production increased approximately two-fold 
over that of uninduced cells’°. Total RNA was isolated by a procedure 
involving guanidine thiocyanate extraction followed by centrifugation 
through a caesium chloride cushion’?. The poly(A) RNA was then isolated 
by chromatography on oligo(dT)-cellulose (Collaborative Research) Judg- 
ing from electrophoretic analysis and a tritiated poly(U) hybridization assay, 
~50% of the RNA at this stage was ribosomal’*. The yield of total RNA 
from 10° cells averaged 3—4 mg, and of this ~3% was recovered following 
oligo(dT)-cellulose chromatography The RNA had a 260 nm/280 nm 
absorbance ratio of 2.1 or better, indicating low protein contamination. 
The poly(A) RNA was heated at 65°C for 1 min and 100 ug was applied 
to a 10-ml 5-25% sucrose gradient containing 0.1 M sodium chloride, 
10 mM Tris pH 7.4, and 1 mM EDTA. The gradient was centrifuged in a 
Beckman SW 41 rotor at 26,000 r.p.m. for 19 h at 4 °C and 0.5-ml fractions 
were collected and precipitated with two volumes of ethanol. The RNA 
precipitates were dissolved in 5 ul of water. An aliquot of the RNA was 
removed for analysis by electrophoresis on 1% agarose gels, the results 
indicated good separation of RNA on the basis of size, with 18S and 28S 
ribosomal RNA being present mamly ın fractions 11 and 17. RNA from 
each fraction was injected into 20 oocytes (50 nl per oocyte) and the pooled 
oocytes from each fraction were incubated at room temperature ın 200 pl 
of modified Barth’s medium containing 1% bovine serum albumin (Sigma, 
crystallized) for 2 days. The medium from each fraction was then assayed 
for GM-CSF using cultures of human bone marrow as described in Fig. 2 
legend Fraction 6, containing the bulk of the GM-CSF mRNA activity, 
contained ~4 ug of RNA. The arrows indicate the positions of 18S and 
28S ribosomal RNA markers present in a gradient run ın parallel CFU, 
colony-forming units. 


taining 0.1% bovine serum albumin, 200 yl of the medium 
stimulated the formation of an average of ~40 small colonies 
containing 15 or more cells in the standard GM-CSF assay. 
The assay involves monitoring the formation of granulocyte 
and macrophage colonies in 1-ml cultures containing 10° light- 
density human bone marrow cells plated in 0.3% agar, a- 
medium and 10% fetal bovine serum?’*’*®. In contrast, the 
medium from oocytes injected with water or poly(A)-containing 
RNA from rat liver did not stimulate colony formation. 

For these experiments it was important to use non-adherent 
bone marrow cells in the assay because in some cases the 
presence of adherent cells in the cultures produced a back- 
ground of clusters that made it difficult to detect the small 
amount of activity present in oocyte medium’**. Also, the pres- 
ence of protein (0.1% bovine serum albumin) in the oocyte 
medium appeared to stabilize the activity stimulating colony 
formation. Homogenates of oocytes injected with Mo poly(A) 
mRNA stimulated few colonies; this phenomenon may be 
attributed in part to an inhibitor of colony formation present 
in the oocytes (see below). The numbers of colonies produced 
in different experiments varied considerably, probably due to 
donor-specific differences in bone marrow and variability in 
frog oocytes. This variability made it difficult to ascertain 
whether treatment of the Mo cells with phytohaemagglutinin 
stimulated GM-CSF mRNA activity; nevertheless, for experi- 
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ments described below, RNA was extracted from Mo cells 
treated with the lectin. 

A control experiment in which mRNA preparations were 
added directly to bone marrow cultures indicated that con- 
taminating GM-CSF in the RNA was not responsible for the 
stimulation of colony formation. The addition of 500 ng of 
sucrose gradient-purified GM-CSF mRNA (see below) to dupli- 
cate cultures of bone marrow cells did not result in the stimula- 
tion of colony formation, while medium derived from 10 oocytes 
injected with a comparable amount of the same mRNA stimu- 
lated the formation of up to 30 granulocyte~macrophage 
colonies containing =20 cells. 

The CSF signal obtained when total poly(A) RNA was injec- 
ted into oocytes was usually low, with few colonies containing 
relatively small numbers of cells. The poly(A) RNA was there- 
fore fractionated according to size using sucrose gradient cen- 
trifugation, and the resultant fractions injected into oocytes. 
RNA in each fraction from the gradient was precipitated with 
ethanol and resuspended in 5 pl of H,O., Agarose gel elec- 
trophoresis and in vitro translation using reticulocyte lysates” 
demonstrated the presence of translatable poly(A) mRNA in 
each fraction. An aliquot (50 nl) of each fraction was injected 
into each of 20 oocytes, and the oocytes from each fraction 
were incubated together in 20 pl of medium for 2 days. Assay 
of the medium in human bone marrow cultures indicated that 
the CSF activity was present in a single sharp peak of RNA 
from the sucrose gradient (Fig. 1). Using 18S and 28S ribosomal 
RNA markers, the size of the GM-CSF mRNA was estimated 
at about 1,200 nucleotides. A mRNA of this size could be 
translated into a protein having a maximum molecular weight 
of 44,000—this compares with a molecular weight of ~30,000 
for GM-CSF produced by the Mo cells as estimated by gel 
filtration chromatography’ or SDS-polyacrylamide gel elec- 
trophoresis (A.J.L., unpublished). As the Mo GM-CSF is gly- 
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Fig. 2. Clonal assay of GM-CSF translated by oocytes using human bone 
marrow (a) and the KG-1 human myeloid leukaemia cell line ($). Oocytes 
were injected with 40 ng of RNA purified from the Mo T-cell line using 
oligo(dT )-cellulose chromatography and sucrose gradient centrifugation as 
described in Fig. 1 legend. The oocytes were incubated, in pools of 10, in 
200 wl of modified Barth's medium containing 1% bovine serum albumin 
for 2 days at room temperature. The oocyte incubation medium was 
removed and the oocytes were homogenized in 0.02 M sodium phosphate, 
0.15 M NaCl, pH 7.4 (20 ul per oocyte). The debris was removed by 
centrifugation at 12,000¢ for 10 min. The oocyte homogenates and media 
were then assayed in clonal assays using human bone marrow target cells 
as previously described!" Briefly, bone marrow cells were aspirated 
from healthy adult volunteers, and the light-density, non-adherent cells 
were isolated using sedimentation in Ficoll-Hypaque followed by Petri dish 
adherence. 10° fractionated cells were plated with varying amounts of 
oocyte homogenates or media in 1-m! cultures containing 0.3% agar, 10% 
feta} bovine serum, a-medium (Flow) and a-thioglycerol. The cultures were 
then incubated for 11 days at 37°C in 7% carbon dioxide, when they were 
examined using a low power microscope and colonies of 230 cells counted. 
In tests on the KG-1 human myeloid leukaemia cell line, the cells were 
plated in agar and cultured at a density of 2x 10° cells m`’ culture exactly 
as described for bone marrow cells. Colonies containing 220 cells were 
counted after 11 days. Each point represents the average of two determina- 
tions. Medium from oocytes injected with mRNA (@} or water (©); 
homogenates of oocytes injected with mRNA (A) or water (A). 
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Fig. 3 Gross morphology of typical granulocyte-macrophage colomes 

stimulated by GM-CSF translated in frog oocytes. Both ‘tight’ (left) and 

‘loose’ (right) colonies were also observed at low concentration of Mo T-cell 
conditioned medium (not shown). = 30 | 


cosylated, the information content in the mRNA is more that 
sufficient to encode this protein. The sucrose gradient fraction- 
ation was performed three separate times with identical results. 

The enrichment of mRNA for GM-CSF by sucrose gradient 
fractionation resulted in a considerably stronger stimulation of 
colony formation by oocyte medium than was obtained using 
total poly(A)-containing RNA. In contrast to the relatively 
small colonies observed using unfractionated RNA, peak 
gradient fractions, when injected in quantities of 25-50 ng per 
oocyte, stimulated relatively large colonies containing up to 
~300 cells. For example, in the experiment shown in Fig. 2, 
200 ul of oocyte medium derived from 10 oocytes injected with 
fractionated mRNA and incubated for 2 days, stimulated more 
than 40 colonies containing =30 cells as well as numerous 
smaller clusters. In terms of colony number, size and mor- 
phology, the GM-CSF in 200 pl oocyte medium resulted in 
stimulation equivalent to ~4 ul of medium conditioned by the 
growth of Mo cells for 3 days at a final density of 5 x 10° cells 
ml ' (Fig. 3). Because of its higher specific activity, sucrose 
gradient fractionated preparations of GM-CSF mRNA were 
used in the experiments described below. 

The GM-CSF produced by frog oocytes stimulated colony 
formation dose dependently (Fig. 2). The curve resembles that 
found previously for the GM-CSF produced by Mo T cells'*"". 
Also, the activity in oocyte medium produced colonies that 
were similar morphologically to those observed using low levels 
of T-cell conditioned medium (Fig. 3). Microscopic examination 
of individual cells from the colonies indicated the presence of 
monocytic, granulocytic and mixed monocytic~granulocytic 
colonies (data not shown). For these experiments, single 
colonies were picked from agar cultures using a fine pipette, 
dissociated from the agar by a stream of air and stained with 
Wright's or Giemsa. Monocytic colonies were identified using 
a lipase stain specific for monocytes and macrophages’. Using 
this procedure, 50-100 pl of medium from injected oocytes 
stimulated an average of 56% monocytic colonies, 37% 
granulocytic colonies and 7% mixed colonies. A comparable 
concentration of T-cell-derived GM-CSF gave similar results, 
with 49% of the colonies being monocytic, 42% granulocytic 
and 9% mixed. 

The bulk of the GM-CSF activity produced by the oocytes 
was apparently secreted into the medium (Fig. 2). However, 
the determination of GM-CSF activity in oocyte homogenates 
is complicated by the presence of a weak inhibitor of colony 
formation. For example, in mixing experiments, 200 ul of con- 
trol oocyte homogenate from the experiment shown in Fig. 2 
produced ~40% inhibition of the activity of added Mo T-cell 
GM-CSF. Taking this inhibition into account, ~90% of the 
GM-CSF produced by oocytes is present in the medium after 
2 days. Because of the relatively small amount of activity 
produced by injected oocytes, a detailed physical characteriz- 
ation of the oocyte-derived GM-CSF has not been possible. 
However, preliminary experiments have shown that the activity 
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produced by oocytes had a heat inactivation profile similar to 
that of the GM-CSF produced by Mo T cells. When incubated 
at neutral pH for 30 min both.activities were stable at 60°C 
but were almost completely inactivated at 80 °C. 

The GM-CSF translated in oocytes also stimulated the growth 
in agar of a human myeloid leukaemia cell line, KG-1, that has 
previously been shown to be specifically responsive to GM- 
CSF'®" (Fig. 2). As in the case of bone marrow cells, medium 
from oocytes injected with water or control RNA had no effect 
on the growth of KG-1 cells. However, homogenates of both 
injected and uninjected oocytes significantly inhibited cell 
growth (Fig. 2). 

The GM-CSF mRNA assay will undoubtedly be usefyl for 
the isolation of cloned cDNAs which contain GM-CSF nucleo- 
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A common mechanism for the 
synthesis of membrane and secreted 
immunoglobulin a, y and mw chains 
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& A. R. Williamsont 
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Immunoglobulins serve as both secreted effector antibodies and 
antigen receptors bound to the membrane of lymphocytes. Each 
newly generated B lymphocyte expresses membrane IgM and 
subsequently co-expresses membrane IgM and membrane I[gD. 
Antigen-driven clonal proliferation is accompanied by further 
differentiation with the generation of B lymphocytes expressing, 
in membrane-bound form, other classes and subclasses of 
immunoglobulin’. Such memory cells are apparently capable 
of responding to antigen to generate further clones of cells 
secreting antibodies of particular classes and subclasses. The 
mechanism by which IgM functions as both a membrane-bound 
and a secreted immunoglobulin has been determined for both 
murine and human systems’ *. The difference between the two 
forms of IgM is entirely at the C-terminus. The p, (secreted) 
chain has a hydrophilic peptide additional to the Cu4 domain 
and the p. (membrane-bound) chain has a hydrophobic peptide 
replacing the hydrophilic C-terminal peptide of the u, chain” *. 
The p, and pm chains are translated from distinct mRNA 
molecules that are generated by alternative splicing and/or 
termination points of transcripts from a single rearranged 
p gene™®, Recent evidence supports the existence of a similar 
mechanism for the generation of ô, and 6,, chains’. Struc- 
turally different y, and y, chains have been observed in human, 
mouse and chicken cells’°’.The present study further distin- 
euishes between y,, and y, chains and characterizes the mRNA 
molecules encoding them in human cells. We have also charac- 
terized a,, and a, chains in a human cell. The data reported 
here, together with other recent findings, suggest a common 
mechanism for the generation of membrane and secreted forms 
of a, y and u chains. 


* Present addresses t of Microbiology, Univernty of Texas Southwestern Medical 
School, Dallas, Texas 75235, USA (W.C ), Department of Pathology, University of Melbourne, 
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tide sequences. Similar oocyte translation systems have proved 
useful for studies of interferons*°. Clearly, molecular genetic 
approaches should aid the examination of the structural and 
functional properties of these mediators of haematopoiesis. Our 
results also suggest that it should be feasible to use the oocyte 
system for the translation and characterization of mRNAs for 
other factors regulating the growth and differentiation of 
haematopoietic cells. 

This work was supported by NIH grants AM 27008, CA 
32737, CA 30388 and the Genetics Institute. We acknowledge 
the technical assistance of Kelly O’Donnell and Noelle Bersch, 
and thank Drs G. Watson, H. P. Koeffler and O. N. Witte for 
helpful advice. The Mo cell line supernatant is available on 
request. 
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We have compared the biosynthesis of IgG in three different 
human B-cell lines (EB4, Bec-11 and Maja) with that of IgA 
in the human cell line Dakiki Arosros I and of IgM in the 
human line Bjab. The membrane and secretory heavy chains 
of Bec-11, Dakiki and Bjab immunoglobulins have been fully 
characterized previously’°’?. Two forms of biosynthetically 
labelled, specifically immunoprecipitable y chains of EB4 cells 
are clearly resolved by SDS-gel electrophoresis (Fig. 1), 
differing in apparent molecular weight by 12,000 whether gly- 
cosylated or not. The high molecular weight band can be 
identified as y,, by iodination of intact cells (Fig. 1e), and the 
lower molecular weight y chain as y, by demonstrating its 
secretion in either the glycosylated (Fig. 1h) or non-glycosy- 
lated (lane i) state. The cell line Maja synthesizes two y poly- 
peptide chains similar in size to the y,, and y, chains of Bec-11 
and EB4 cells. M. J. Owen (personal communication) has 
characterized the y,, and y, chains of Maja cells. The three cell 
lines show three different patterns for glycosylation of y chains: 
in EB4, both ym and y, seem to be singly glycosylated; in Bec-11 
some y, chains have a second oligosaccharide unit added but 
Ym Chains are singly glycosylated; and in Maja cells a substantial 
proportion of both ym and y, chains have a second oligosac- 
charide unit added to the polypeptide chain. 

When non-glycosylated, the y chains of the three cell lines 
have different electrophoretic mobilities but in each line the 
apparent molecular weights of the y,, and y, forms differ by 
~12,000. This is in contrast to the difference in apparent 


Table 1 C-terminal amino acid sequences of human immunoglobulin heavy 


chains 
H chun Residue 
Protein* class no. Sequence 
Ou (16) mi 609 GKPTLYNVSLVMSDTAGTCY 
Bur (17) a 477 GKPTHVNVSVVMAGVDGTCY 
Zuc (18) Y 477 G(K) 
ND (19) 8 609 GK 





The C-terminal amino acid sequences of human yp, a, y and £ chains from the 
glycine residue located at the end of the last constant region domain to the end 
of the polypeptide are shown. The myeloma proteins given are representative of 
the equivalent sequences found in other myelomas. The C-terminal lysine of the 
y-chain rs shown in parentheses as it is not always found in the polypeptide 
although it 1s ubiquitous in the gene sequence’. 

* References given in parentheses. 
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molecular weight between pm and u, (~3,000) and am and a, 
(~2,000). Comparison of the C-terminal amino acid sequences 
of a,, Y, and u, chains reveals a conserved Gly-Lys sequence 
at the end of the terminal domain followed, in the case of a 
and u chains, by highly homologous hydrophilic tail sequences 
(Table 1). Neither e nor y, chains possess this tail sequence 
(Table 1). In the murine u gene, the Gly-Lys sequence encodes 
a consensus splice site used in the generation of pm mRNA’. 
It is therefore proposed that this splice site is conserved in a 
and p genes. The similarity between the hydrophilic tail sequen- 
ces of a and u genes would be consistent with a common 
evolutionary origin for the membrane exons for these two 
classes and this would explain the similar size difference 
between the membrane and secreted forms of the chains. In 
this model, the hydrophilic tailpiece of y, is a single lysine 
residue. We propose that the hydrophobic, immunoglobulin 
domain-sized tailpiece on y,, chains had a separate evolutionary 
origin from the M exons of œ and u chains. 

To test the hypothesis that the y,, and y, polypeptides are 
translated from different mRNA molecules, the specific 
mRNAs coding for y chains in cell lines EB4 and Bec-11 were 
identified. Total poly(A)-containing RNA was prepared from 
each cell line, resolved electrophoretically in denaturing condi- 
tions, transferred to diazobenzyloxymethyl paper and hybrid- 
ized to a genomic y2 DNA probe. This probe detects 3.3 and 
1.4 kilobase (kb) y mRNA in EB4 RNA (Fig. 2). The higher 
molecular weight mRNA is of lower intensity than the lower 
molecular weight RNA. This difference is consistent with our 





Fig. 1 Biosynthetic charac- = boo rio Oe ic 
terization of membrane and BJAB  ! | DAKIKI 
secretory forms of a, y and u a b |! 

#4 


d 
polypeptide chains. The fol- i nyse 
lowing human B-lymphoid cell 
lines were used: Bjab (IgM «), 
Dakiki Arosros I (IgA A}, EB4 
(IgG x), Bec-11 (IgG x), and 


Maja (IgG). An aliquot 
(2.5x 10% celis) from log- 
phase cultures of each cell line „epo [ Um — 
was incubated in the presence Hs — 
or absence of tunicamycin -CHO um — 
(2 wg mi~?) for 3h at 37°C in Us = 


RPM1-1640 medium plus 
10% (v/v) fetal calf serum 
(FCS). After preincubation, 
the cells were washed once in 
serum-free RPM1-1640 lack- 
ing methionine and then resus- 
pended in 0.2 ml of the same 
medium containing 200 pCi 
35§.methionine and incubated 
at 38°C for 90 min to effect 
metabolic labelling of cellular 
proteins. For pulse-chase 
experiments (lanes h, i), 50% 
of the culture was pelleted, 
resuspended in O0OSmi of 
RPM1-1640 medium contain- 
ing 10% (v/v) FCS and incu- 
bated at 37°C for 4-6h: the 
cells were pelleted and the 
supernate used for analysis of 


secreted proteins. Membrane proteins were radiolabelled by lactoperoxidase 
PBS-1 (50 mM sodium phosphate buffer pH 7.2; 150 mM NaCl?) containing 10 pg lactoperoxidase and 1.25 mM H,QO,: 
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interpretation that the 3.3 kb mRNA encodes Ym and the 1.4 
kb species y,. In the highly stringent conditions used to obtain 
the data shown in Fig. 2, the y2 probe only detects the 1.4 kb 
component in Bec-11 mRNA. In less stringent conditions, the 
y2 probe gives a more intense hybridization signal in the 1.4 
kb position and shows some hybridization to the 3.3 kb com- 
ponent (data not shown). The difference between the results 
obtained with EB4 and Bec-11 is consistent with the much 
lower ratio of Ym to y, polypeptides in Bec-11 cells than in 
EB4 cells (Fig. 1) and might be related to a subclass difference 
between EB4 and Bec-11 y chains. 

To account for the molecular weight difference between y, 
and ym polypeptide chains the y,, message would need to be 
only 0.3kb larger than the y, mRNA. The observed size 
difference of 1.9 kb is in close agreement with the reported 
difference of 2 kb between murine ya, and y’a,, mRNAs”. 
The most likely explanation for the unexpected size difference 
between Ym and y, mRNAs is the presence of an extended 
3'-untranslated region in the ym message (we have found no 
evidence for any other coding region in the 3.3 kb mRNA as 
we can detect no y chains larger than Ym). For comparison, Hm 
and u, mRNA molecules are 2.7 and 2.4 kb respectively. The 
predicted coding difference would account for 63 base pairs 
(bp) and gene sequencing shows that the 3’-untranslated region 
of um is 142 bp longer than that of u, mRNA’. The close 
agreement between the human and murine y chain data are 
consistent with an early evolutionary divergence or separate 
origin for the M exons of y and chains. 
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-catalysed iodoination. 10’ cells were incubated for 3-4 min at 30°C in 70 wl of 


the reaction was terminated by addition 


of ice-cold 5 mM KI in PBS-I (1 ml). The cells were washed extensively before preparation of cell lysates. Cell lysates were prepared as follows”. Radiolabelled 
cells were washed once in ice-cold TKM buffer (0.1 M Tris-HCI pH 8.2, 0.1 M KCI and 5 mM MgCl) and resuspended in 235 pl of ice-cold 1% (w/v) Triton 
X-100 in TKM; the suspensions were placed on ice for 20-30 min to complete lysis. Nuclei were removed by centrifugation (5,000 g for 30 min) and deoxycholate 


and SDS were added to the supernatant to final concentrations of 1% (w/v) and 0.5% (w/v) respectively 


to yield lysates in 3D-TKM (1%(w/v) Triton X-100, 


1% (w/v) deoxycholate and 0.5% (w/v) SDS in TKM buffer). Radiolabelled immunoglobulin was isolated by specific immunoprecipitation using 1 yl of rabbit 
antiserum to the appropriate light chain followed by addition of serological equivalence of goat anti-rabbit immunoglobulin antiserum. After overnight incubation 
at 4°C, the immunoprecipitates were collected by centrifugation and washed by pelleting through a two-step discontinuous sucrose gradient in 3D-TKM. Aliquots 
of washed immunoprecipitates were dissolved in 25 ul of SDS polyacrylamide gel electrophoresis loading buffer [0.065 M Tris-HCI pH 6.8, 0.1% (w/v) SDS, 


0.1 M dithiothreitol, 10% (w/v) glycerol and 0.001% 


(w/v) Bromophenol blue] and heated at 100°C for 2 min. Reduced samples were electrophoresed on 10% 


(w/v) acrylamide slab gels using the discontinuous buffering system of Laemlli?' [IgM samples derived from Bjab cells were analysed on a 12.5% (w/v) acrylamide 
slab gel]. Radioactive components were visualized by fluorography’. Lanes a, b, glycosylated and non-glycosylated u chains respectively; c, d, equivalent 
samples derived from the a-chain-producing line Dakiki Arosros I. Radioiodinated membrane y-chain of EB4 cells is shown in lane e and is compared with 
glycosylated and non-glycosylated y-chains for EB-4 lysates (f, g) and supernatants (h, i); j, k, respectively glycosylated and non-glycosylated y chains from 


Bec-11 cell lysates; {, m, similar results for Bec-11 cells 


(obtained in an independent experiment) compared with glycosylated (n) and non-glycosylated (0) Y 


chains of the cell line Maja to illustrate the ubiquity of the large size difference between Ym and y, polypeptides. 
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«a 285 + RNA (4.5 kb) 


æ 185 + RNA(1.9 kb) 


«oe Globin (0.6 kb) 


Fig. 2 Polyribosomes were prepared from 5 x 10° EB4 cells as previously 
described’. Poly(A)-containing RNA was extracted from polyribosomes 
by oligo(dT)-cellulose chromatography. Five ug of EB4 poly(A)-containing 
RNA was electrophoresed on a 1% (w/v) agarose gel containing 7.5 mM 
methyl mercury hydroxide. After electrophoresis, the separated RNA 
species were transferred to diazobenzyloxymethyl paper”. A DNA plasmid 
containing y2 coding sequences of human genomic DNA was nick-trans- 
lated to a specific activity of 1x 10°d.p.m. pg with [a-*?P]MATP and 
used as a probe for y mRNA species contained in the EB4 poly(A)- 
containing RNA. Hybridization was done at 42°C for Sh in 50% for- 
mamide, 5 x SSC, 0.1% bovine serum albumin, 0.1% polyvinylpyrrolidone, 
0.1% Ficoll (molecular weight 400,000) 20 mM sodium phosphate pH 6.5, 
10% sodium dextran sulphate 500 and 100 yg mi“! denatured sonicated 
salmon sperm DNA. Unhybridized label was removed by extensive washing 
in 0.3 x SSC/0.1% SDS and hybridization visualized by autoradiography 
using an intensifier screen at ~70 °C. 


In cloned murine genomic DNA, two homologous regions, 
270 and 250 bp long, are conserved at a position 1-2 kb 3’ to 
each of the y subclass genes". These regions are known to 
hybridize to the ym mRNA‘ ’’, They are quite sufficient 
to encode the additional domain-size segment of y,, chains but 
would not account for the size of the y,, mRNA. The implication 
that the additional y,, mRNA sequences are not conserved 
between y subclasses further supports the argument that these 
additional sequences are non-coding. 

We thank Irene Gall for assistance, George Klein for the 
Dakiki cell line, Mike Owen for the Maja cell line and Terry 
Rabbitts for the human y2 DNA probe. 
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Colony-stimulating factors (CSF) are glycoproteins essential for 
the formation of colonies of mature haematopoietic cells by 
single immature progenitor cells (colony-forming cells (CFC)). 
The number of colonies in semi-solid agar cultures can be used 
to determine the CSF concentration in biological fluids’. 
Various murine cells’ are able to produce CSF in vitro. Super- 
natants of spleen cell cultures consisting of a mixture of T cells, 
B cells and macrophages are found to contain neutrophil- 
granulocyte-macrophage CSF (GM-CSF), CSF for megakary-. 
ocytes (Meg-CSF), eosinophilic granulocytes (Eo-CSF) and 
erythroid cells (E-CSF)*. The producer cells of these different 
CSF types, however, have not been defined’. We therefore 
determined here whether normal T cells produce CSF in vitro 
and whether GM-CSF, Meg-CSF, Eo-CSF and E-CSF are 
produced by different T-cell subsets or the progeny of single 
T-cell clones. Our results indicate that T cells at a high frequency 
(one out of three) produce CSF at variable amounts even in 
the absence of accessory cells following mitogen stimulation. 
After stimulation of C57BL/6 (B6) spleen cells in bulk cul- 
tures with 5 ug ml~’ concanavalin A (Con A) for 48h, light 
density blasts were separated by centrifugation over Ficoll 
(1.077 gcm™*). These cells (>95% Thy-1.2 positive) were sub- 
sequently grown in microcultures in limiting dilution conditions 
in the presence of allogeneic (AKR/J) irradiated (3300 r; Co) 
peritoneal exudate filler cells (PEC) (10* per well) and 10% 
T-cell growth factor (TCGF) containing conditioned medium 
from 24 h Con A-stimulated rat (Sprague-Dawley) spleen cells 
(rat spleen cell conditioned medium (RSCM)). The T cells have 
a doubling time of ~15 h and clones derived from single or a 
few precursor cells grow to a clone size large enough to be 
tested in functional assays*"’*. Following a growth period of 10 
days during which the cells were fed twice with fresh RSCM, 
the cells were washed twice to remove CSF contained in RSCM 
and resuspended in fresh culture medium containing 10 yg mi~’ 
Con A. After overnight incubation supernatants of all culture 
wells were assayed individually for CSF at a final concentration 
of 15% in 1 ml semi-solid agar cultures containing 7.5 x 10* 
CBA bone marrow cells. Seven days later the bone marrow 
cultures were scored for colony growth and the cellular compo- 
sition of the colonies determined. _ 
Sai ate Sa AE AN EL A oe EEE 
Table 1 % CSF-negative cultures of T cells plated in the presence of 
different numbers of filler cells 








No. of PEC T cells plated 
per well 1 per well 10 per well 20 per well 
5x10’ 100 100 63 
10° 100 88 75 
104 100 19 13 
10° 81 75 69 


Limiting dilution analysis of B6 splenic T cells was performed as 
described in Fig. 1 legend. 
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Growth dependent on 
Long-term cultured cells Antigen TCGF 
PC-AKR-clone 29 z = + 
AKR-anti-B6 line PK 7.1.1b + + 
AKR-anti-B6 line PK 7.1.2 + + 





The establishment of PC AKR clone 29 in long-term culture from antigen (picryl chloride)-stimulated AKR/J T celis has been described 


previously'*"'®, as has the establishment of the alloreactive AKR anti-B6 T-cell lines PK 7.1.1b and PK 7.1.2°?021, Antigen used was irradiated 


~~ Table2 Con A-induced’CSF production by TCGF-dependent cells 
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allogeneic B6 stimulator cells. The number of colonies (controls) with a standard CSF: 127+ 24, NaCl: 0+0. 


A representative experiment (Fig. 1) shows that, analysed 
according to the Poisson distribution (least square fit as well as 
the method of Porter and Berry'*), the growth frequency of 
Con A-activated T cells initially plated in limiting dilution was 
approximately one out of two to three cells (f= 1/2.2 (least 
square method), f=1/2.5 ref. 14, 95% confidence limit f = 
1/2.1 to f=1/2.9 (ref. 14)). The frequency of CSF producer 
cells was close to f = 1/6 (Fig. 1). Lower frequencies found in 
other experiments (Table 1) were essentially due to lower 
plating efficiencies. The plot of our data (Fig. 1) gave a straight 
linear regression line (y° ~ 1 for fit'*) with an intercept at the 
ordinate at or close to 1.0. This suggests single-hit kinetics, 
indicating that the only limiting component for CSF production 
was the number of T cells initially seeded in microculture. This 
is supported by our observation that no CSF production oc- 
curred in cultures devoid of proliferating T cells (data not 
shown). Moreover, CSF production was not constitutive but 
absolutely dependent on Con A stimulation (data not shown). 


Cells per culture 
5 19 1S 





@--® Growth f= 1/2.2 
0.1 e—e CSF f=1/6.2 


Fraction of negative cultures 


Fig. 1 Frequency of growing and CSF-producing Con A-acti- 
vated splenic B6 T cells in limiting dilution. Two days after 
polyclonal activation by Con A and separation of the light density 
T-cell blasts over Ficoll, 2, 4 and 8 B6 cells were plated in 
microcultures (96 wells per group) and expanded on irradiated 
(3300 r) AKR/J PEC (10* per well) for 10 days in the presence 
of medium containing 10% RSCM from 24 h Con A-stimulated 
rat (Sprague-Dawley) spleen cells. After a growth period of 10 
days the cells were washed twice to remove CSF contained in 
RSCM and resuspended in fresh culture medium containing 
10 pg ml’ Con A. After overnight incubation supernatants of all 
culture wells were assayed individually for CSF at a final con- 
centration of 15% in 1 ml semi-solid agar cultures containing 
73 000 CBA bone marrow cells. After 7 days the bone marrow 
cultures were scored for colony growth’? . Cell growth in limiting 
dilution microwells was determined by microscopic inspection. 
Data were plotted according to Poisson’s distribution and linear 
regression lines fitted to the least squares method. Frequencies 
were read from the number of responding cells corresponding to 
37% negative cultures??? 


Note that the above procedure might favour selection of 
certain T-cell subpopulations. Con A activation (20-50% 
growth of Con A-activated murine spleen cells in bulk culture 
(data not shown)), Ficoll purification, growth in limiting dilution 
microcultures (growth frequency as high as f = 1/2) and induc- 
tion of lymphokine release by Con A may have a selective 
effect. Nevertheless, we believe that this experimental system 
probably provides the most random evaluation available of the 
repertoire of functional T cells in non-immune mice’. 

Figure 2a shows the results of an analysis of CSF activity of 
supernatants from microcultures derived from the progeny of 
single or a few T-cell precursors. The quantity of CSF in such 
supernatants varied remarkably, and occasionally very high 


Table 3 Specificity of induction of proliferation and CSF release 
ener n A a 











*H-thymidine No. of 
Stimulator H-2 regions incorporation colonies 
cells KAJECS GD (+s.¢.) (+s.e.) 
AKR kk k kk kK 597 + 389 0 
B6 bh b b b bb b b 25,089+3,545 1845 
B10.D2 dddddddd 7344474 0 
B10.A(44R) k kb bbbb b 1,968+ 299 0 
B1i0.AR) bb k k d ddd 31,263 + 2,596 17+2 


rT aan nts 

10° Responder cells of the AKR anti-B6é T-cell line PK7.1.2 were 
used per well (triplicates, round-bottom microtitre plates, Greiner, 
Nürtingen, 96K). Irradiated (3300r) stimulator cells at a concentration 
of 10° per well were used after lysis of red blood cells. *H-thymidine 
incorporation (2.5 pCi per well) was determined after a 6-h pulse on 
day 5 of culture. CSF was induced by overnight stimulation with 
stimulator cells on days 4-5 of culture. The number of colonies (con- 
trols) with a standard CSF: 78+7, and NaCl: 0+0. Underlining indi- 
cates the presence of the b allele in the subregions of the H-2 complex. 


activities from low numbers of T cells could be observed. All 
active supernatants contained GM-CSF. Moreover, many 
supernatants with intermediate to high GM-CSF levels con- 
tained other types of CSF, for example, Meg-CSF, Eo-CSF and 
E-CSF. As the incidence of CFC for megakaryocytes, 
eosinophils and erythroid cells in the bone marrow is low, the 
semi-solid agar culture system only detects high concentrations 
of Meg-CSF, Eo-CSF and E-CSF. Therefore, some super- 
natants with only low GM-CSF levels may not be entirely 
negative for the other CSF types. 

Figure 2 also shows that Meg-CSF and/or Eo-CSF and 
E-CSF were only found in supernatants which also contain 
GM-CSF. Possibly the colony-forming potential of CFC for 
megakaryocytes, eosinophils and erythroid cells is only 
expressed when stimulated by specific CSF and GM-CSF. This 
suggests that some supernatants might exist which only contain 
Meg-CSF and/or Eo-CSF and E-CSF but no GM-CSF and is 
compatible with data by Metcalf et al’. Such supernatants 
would not be detectable in our standard assay. To investigate 
this we determined the CSF activity of one aliquot of a large 
number of supernatants from limiting dilution microcultures 
separately from another aliquot mixed with a standard CSF 
preparation from mouse lung conditioned medium (MLCM). 
This mixing experiment, however, gave no indication of the 
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Positive culture supernatants ranked according to CSF activity 


Fig. 2 a, Analysis of CSF types in CSF-positive culture super- 
natants. B6 splenic T cells were established in limiting dilution 
microcultures as described in Fig. 1 at an initial plating of two 
(upper) or four (lower) cells per well. The CSF-positive culture 
supernatants were ranked according to their activity. Number of 
colonies (controls) with a CSF standard: 84 + 5, and NaCl: 0+0. 
b, Analysis of CSF types in supernatants of T cells grown in limiting 
dilution microcultures in the presence of SRBC as filler cells. B6 
splenic T cells were grown as described in Fig. 1 legend except 
that instead of irradiated allogeneic peritoneal exudate filler cells 
10° SRBC from a selected batch particularly suitable for growth 
promotion were used as filler cells. Number of colonies (controls) 
with a CSF standard: 110+ 15, and NaCl: 0+0. 


existence of supernatants containing only Meg-CSF and/or 
Eo-CSF and E-CSF, and the existence of potentiators or 
inhibitors of standard CSF in these supernatants could not be 
demonstrated (data not shown). 

The above experiments suggest that different CSF types are 
produced by T cells. As T cells were plated in limiting dilution 
microcultures in the presence of allogeneic irradiated PEC it 
had to be excluded, however, that these PEC were involved in 
CSF production. Table 1 shows that no linear correlation could 
be found between the number of CSF-positive wells and the 
number of irradiated PEC used in the microculture system. In 
fact, at the highest number of PEC (10° per well) a decrease 










$1 


rather than an increase of CSF-positive culture supernatants 
occurred. In addition, when selected batches of sheep red blood 
cells (SRBC) instead of PEC were used as filler cells CSF 
production was still detectable. Although the growth frequency 
of T cells in these cultures was comparatively lower than with 
PEC as filler cells some supernatants contained very high levels 
of GM-CSF as well as the other CSF types (Fig. 2). 

CSF has recently been obtained from T-cell hybridomas” 
That normal T cells produce CSF is supported by our experi- 
ments with TCGF-dependent cell lines in long-term cultures. 
Such lines and clones, however, might be aberrant with respect 
to karyotype, gene expression and regulation of their gene 
products but this may primarily be the case for T-cell clones 
growing in medium supplemented with TCGF”. Therefore, we 
have complemented our analysis of such clones with T-cell lines 
and clones growing in long-term culture in the presence of 
TCGF and antigen. Cells of this type were found to have a 
normal karyotype (M. Nabholz, personal communication). In 
addition, our T-cell lines in long-term culture have not shown 
TCGF-independent growth or tumorogenicity which may indi- 
cate a transformed phenotype. As these cells probably represent 
a highly selected population, results should be compared with 
those from analysis of T cells in limiting dilution. The following 
data are therefore in line with our limiting dilution analysis... 

Three representatives of T-cell lines in long-term culture are 
shown in Table 2. PC-AKR clone 29, previously described to 
produce high amounts of immune interferon on Con- A 
stimulation", has been passaged in permanent culture for 
over 18 months i in the complete absence of antigen and adherent 
cells and in the presence of TCGF. The alloreactive. AKR 
anti-B6 T-cell lines PK 7.1.1b and PK 7.1.2 grow in the pres- 
ence of both TCGF and irradiated B6 stimulator cells??°?', 
PC-AKR clone 29 produced GM-CSF and Meg-CSF whereas 
both alloreactive T-cell lines and clones derived from them 
(data not shown) produced all four types of CSF after stimula- 
tion with Con A (Table 2). These results differed from previous 
reports where CSF production by continuous T-cell lines was 
found to be constitutive’? or dependent on the presence of 
syngeneic accessory cells?” 

We further studied whether antigen-specific recognition is 
involved in triggering CSF release using the alloreactive AKR 
anti-B6 T-cell line PK 7.1.2. This line shows antigen-specific 
proliferation against stimulator cells from mice which carry the 
b allele in the K and I-A region of the H-2 complex (Table 
3). It can be seen from Table 3 that stimulator cells with the 
same H-2 determinants as those that induce proliferation also 
induce CSF release. | 

In conclusion, our data indicate that a large proportion of T 
cells produce CSF on mitogen induction. CSF release is- also 
triggered from T cells during specific antigen recognition. 
Accessory cells do not seem to be absolutely necessary for CSF 
production although they might have a potentiating physiologi- 
cal role. Furthermore, the supernatant of a single T-cell clone 
can contain different types of CSF. However, the production 
of Meg-CSF, Eo-CSF and E-CSF occurs only concomitantly 
with GM-CSF. This may indicate that the CSF.genes belong 
to a gene family derived from a common precursor. Indeed, 
the different CSF types seem to have a striking biochemical 
similarity”. It is not yet clear whether in physiological condi- 
tions. of induction of CSF release and of antigen-specific re- 
cognition all CSF types are always produced simultaneously or 
whether separate inductive signals trigger the release of 
different CSF types to assure a fine tuning of the formation of 
haematopoietic cells. 
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The immunoglobulin heavy chain loci of the mouse contain eight 
tightly linked genes that encode the constant region (C) of the 
immunoglobulin heavy chains (H). As no recombination 
occurred within the immunoglobulin Cy gene loci among more 
than 3,000 crosses of mice’~’, the mouse Cu genes were believed 
to be inherited as a set, designated the [gh haplotype. Recent 
molecular cloning experiments’” have demonstrated that the 
organization of the mouse [gh loci of BALB/c (igh* haplotype) 
is 5'-Cu-(4.5 kilobases [kb])-C,- (55 kb)-C,,-(34 kb)-C,.- 
(21 kb)-C,2,-(15 kb)-C,2.-(14 kb)-C,- (12 kb)-C,-3'. The 


structural analyses of four C, subclass genes have shown that , 


they are essentially identical in terms of lengths and locations 
of each of the structural and intervening sequences®’°"'*. Com- 
parison of the nucleotide sequences of the C,,, Cy and C,>, 
genes has shown that limited portions of the C, gene are 
conserved between compared pairs of the C, genes’. The 
results imply that the nucleotide sequences of the C, gene 
segments have been exchanged by recombination among 
related clustered genes. Similar studies on the C,,.. genes of 
different haplotypes, [gh" and Igh”, have also suggested that 
these two types of C2, gene have undergone recombinational 
exchange of a part of the gene sequence’. These results imply, 
in contrast to the previous belief, that frequent recombinational 
events have taken place within the Igh loci and that their 
nucleotide sequences have been rearranged during evolution. 
Here we present direct evidence that a Japanese wild mouse, 
Mus musculus molossinus, contains duplicated C,., genes while 
the copy numbers of the neighbouring C,, genes, that is, the 
Cy1, Cy» and C, genes, remain constant. The results indicate 
that the duplicated C,,., genes of M. m. molossinus arose from 
unequal crossing-over between homologous chromosomes. 
During our evolutionary study of immunoglobulin Cy genes 
(Y.Y. and T.H., in preparation) we found that DNAs of the 
Japanese wild mouse M. m. molossinus had several extra restric- 
tion DNA fragments which hybridized with a C,2,-C,2, probe, 
whereas DNAs of many laboratory strain mice had a single 
fragment for each C, gene (ref. 6 and Y.Y. and H.T., in 
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Fig. 1 Southern blot hybridization of M. m. molossinus liver DNA with 
Cia, OF Cyay-Cya, gene probe. High molecular weight DNA was extracted 
from each individual liver of a wild heterozygous M. m. molossinus or 
inbred M. m. molossinus mice, or from livers of BALB/c mice as described 
previously, We used three individual mice of inbred M. m. molossinus 
which are derived from wild mice trapped at Teine, Hokkaido Island. These 
mice are designated as Mol. Ten (individual numbers 101, 102 and 103). 
The other individual mouse of inbred M, m. molossinus, designated as 
MOL. A, is the progeny of wild mice trapped at Anjo, Aichi, Honshu 
Island. DNAs (1.5 ug each) were digested with EcoRI (a, b) or Hindili 
ic), electrophoresed in a 0.5% agarose gel and transferred to mitroceliulose 
filters as previously described*”*’. Probes used are C,,, (probe c) for a 
and b and C -Cza (probe b) for c Probes were labelled by nick- 
translation and hybridized as described elsewhere??? Origins of DNAs 
used are as follows: lane 1, a wild M. m. molossinus ; lane 2, Mol. Ten 103; 
ine 3, Mol. Ten 102; lane 4, Mol. Ten 101; lane 5, MOL. A, lane 6, 
BALB/c. A restriction endonuclease cleavage map around the C, z, gene 
of the BALB/c mouse and fragments used for probes are shown at the 
bottom. Data for the restriction map are taken from ref. 4. Structural genes 
are shown in closed boxes. Numbers above and below the top line indicate 
the sizes (kilobases) of EcoRI and HindIll fragments, respectively, which 
are described in the present study. Horizontal arrows under the top line 
indicate the fragments used as probes: a, 6.6-kb EcoRI fragment of yi 
gene!®; b, 4-kb Xbal-Hhal fragment of C,,, gene’' which hybridizes to 
not only the C ap gene but also the C,,, gene*,’°; c, 217-base pair Haelll 
fragment of C a, gene which contains the 5’ 12 base pairs of the hinge 
region exon and the 3’ half of the intervening sequence between the Cyt 
domain and the hinge region exons'*; d, 2-kb BamHI-HindHI fragment 
of C, gene’. | and A indicate EcoRI and Hindlll sites, respectively. 





Fig. 2 Southern blot hybridization of M. m. molossinus liver DNA with 

C,, or C, probe. DNAs (1.5 wg each) were digested with EcoRI (a) or 

HindIll (b) and electrophoresed, blotted and hybridized as described in 

Fig. 1 legend except that probes used are C_, (probe a in Fig. 1) for a and 

C, (probe d in Fig. 1) for 6. Origins of DNAs used in Janes indicated were 
the same as described in Fig. 1 legend. 
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Fig. 3 Restriction map of two cloned C za genes of M, m. molosssinus. 
High molecular weight DNA of Mol. Ten 103 was digested with EcoRI to 
completion and the digests were fractionated by electrophoresis in a 0.5% 
agarose gel. Fragments of 5.6 and 12kb were collected and ligated to 
AgtWES arms as described previously’. Ligated DNAs were packaged in 
vitro and screened with BALB/c C,.,-C,,, probe (probe b in Fig. 1) as 
described elsewhere*. Two and three identical clones were isolated from 
5.6- and 12-kb fragments, respectively. Inserts of AgtWES-Mol-y2a-5 
(5.6 kb) and AgtWES-Mol-y2a-56 (12 kb) are shown by horizontal bars. 
Closed boxes indicate structure genes. Restriction enzyme cleavage sites 
are indicated as follows: 1, EcoRI; A, Hindlll; @, Xhol: +, Bell. 


~~ | kb 


preparation). DNA of M. m. molossinus had four EcoRI frag- 
ments (12, 9.3, 5.6 and 1.85 kb) hybridizing with a Cyan-Cy2e 
probe in addition to the 23-kb C,,, and 6.6-kb C,,, fragments 
which are shared by BALB/c, C5S7BL and other inbred strain 
mice. We used the C,» gene fragment (probe b in Fig. 1) as 
a probe for both C,,., and C,» genes. The Cza gene fragments 
were usually less intense than the C,,, gene fragment because 
the C,., gene sequence was detected by cross-hybridization to 
a part of the probe. As the 12- and 5.6-kb fragments were less 
intense than the 9.3- and 1.85-kb fragments, we presumed that 
the former fragments are the C,2, gene. 

To determine unequivocally which of the above EcoRI frag- 
ments are the C,., gene, we used as a probe the restriction 
DNA fragment that contains the 3’ half of the intervening 
sequence between the coding sequences for the C,1 domain 
and the hinge region of the y2a chain (probe c in Fig. 1). This 
probe has little cross-hybridization with the C,., gene”. As 
shown in Fig. la, DNA of an individual M. m. molossinus 
mouse (which was trapped at Mishima, in Honshu Island) has 
three EcoRI fragments (23, 12 and 5.6 kb) that hybridize with 
the C,., probe. The results seem to indicate that the Cy2. gene 
is duplicated in this wild mouse, although the presence of 
heterozygous C,,., gene cannot be excluded. 

We next examined DNAs of four individual mice of 
M. m. molossinus which have been maintained in laboratories 
by full-sibmating for 11 generations in the Mol. Ten strain and 
for 23 generations in the MOL. A strain. The Mol. Ten strain 
was derived from wild mice caught at Teine in Hokkaido Island 
and the MOL. A strain from those caught at Anjo in Honshu 
Island. EcoRI digestion of DNAs of these M. m. molossinus 
strains gave two DNA fragments (12 and 5.6 kb) which were 
identical for the two strains, whereas DNA of BALB/c mice 
had a single EcoRI fragment of 23 kb (Fig. 1b). The results 
strongly support the idea that M. m. molossinus has the dupli- 
cated C,,, genes, one of which is located in the 12-kb EcoRI 
fragment and the other in the 5.6-kb fragment. One can still 
argue the possibility, however, that M. m, molossinus has intro- 
duced point mutations which have created new EcoRI sites, 


Fig. 4 A possible recombination that 

created duplicated C,,, genes with 

different allotypes. a, schematic rep- 

resentation of heterozygous mouse chromo- 

somes containing two different C a, genes. 

Yaa and y;,° indicate Cys, genes with a 

different allotypes. b, Unequal pairing o 
between homologues at meiosis and unequal 
crossing-over. As C æ and C a, genes 
have extensive homology®'?, such a mis- 
alignment may occur at meiosis. c, Resul- 
tant chromosomes. In one chromosome 
{upper} the C aa gene has been deleted, ¥ 2b ¥20 
while the other chromosome contains the 

duplicated C a, genes which have different 

allotypes. The latter chromosome may be 

an ancestor of the present chromosome in 

M. m. molossinus, 


thus converting the 23-kb fragment into the 12- and 5.6-kb 
fragments. 

To exclude this possibility, we used another restriction 
enzyme, HindIHI. HindIII digestion of M. m. molossinus pro- 
duced the 9.0-kb C,» fragment and the 6.5-kb C,2, fragment, 
both of which are identical in size to those of BALB je DNA 
(Fig. 1c). However, 6.5-kb bands of the C 2a gene of M. m. 
molossinus DNAs are about twice as dark as that of the BALB fe 
DNA. In contrast, the intensity of the C 2 gene bands (9.0 kb) 
remains the same among DNAs of M. m. molossinus and 
BALB/c mice. 

To examine whether neighbouring C,, genes are duplicated, 
we analysed the C,, and C, genes. As Fig. 2 clearly shows, the 
intensity and size of the C,, and C, genes in these wild mice 
are indistinguishable from those of BALB/c mice. We have 
also found that the C,, gene is not duplicated (data not shown). 
Previously we showed that the number of the C, and C, gene 
fragments of M. m. molossinus are identical to those of many 
laboratory inbred strain mice although the sizes of the fragments 
vary slightly®. 

We have further cloned two DNA fragments, each containing 
a complete C,,, gene, from DNA of an individual M. m. 
molossinus. One C,,, gene is located in the 12-kb EcoRI frag- 
ment and other in the 5.6 kb EcoRI fragment (Fig. 3). The 
restriction sites in the cloned DNA fragments are consistent 
with those determined by Southern blot analyses. 

These results demonstrate that M. m. molossinus has anew 
haplotype which contains the duplicated C,,, genes. In spite of 
the fact that these four mice are derived from two independent 
populations in different islands of Japan, the mice seem to have 
a similar haplotype, indicating that this haplotype is widely 
distributed among various local colonies of M. m. molossinus. 

Lieberman and Potter'* analysed allotype markers of serum 
immunoglobulins of homozygous M. m. molossinus (Kyushu) 
and found that this wild mouse had IgG2a* markers in addition 
to the IgG 1”, IgG2b”, IgG2a” and IgA” markers. They proposed 
that this haplotype is created by unequal crossing-over between 
the Igh* and Igh” haplotypes. Using monoclonal antibodies 
which can distinguish a and b allotypes, Herzenberg and his 
associates (personal communication) also found that two 
individual mice of inbred M. m. molossinus (Mol. Ten strain) 
have two allotypes of IgG2a, namely IgG2a* and IgG2a’. 
Because the restriction sites around the coding regions of the 
C,2 and C,2. genes are well conserved between C57BL (Igh’) 
and BALB/c (Igh*)°’, we are unable to correlate the Cy2a gene 
fragments with serological markers. The restriction map of the 
cloned C,2, gene of M. m. molossinus is different from those 
of BALB/c and C57BL (A.S. et al., in preparation). As Fig. 4 
shows, it is therefore likely that the duplicated Cyo, genes of 
M. m. molossinus arose from unequal crossing-over between 
two different haplotypes which must be characterized and 
identified by nucleotide sequence determination. _ 

Since immunoglobulin allotypes are distributed among 
various subspecies of M. musculus, the allotype seems to have 
evolved before the divergence of the subspecies of M. musculus. 
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The duplication of the C,2, gene must have taken place after 
the divergence of M. m. molossinus and M. m. domesticus, an 
estimated one million years ago’*'’. Duplication of immuno- 
globulin genes has also been suggested in humans by serological 
studies’??? 

EcoRI digestion of DNA of the first heterozygous M. m. 
molossinus mouse produced three C,2, gene fragments (23, 12 
and 5.6kb) and three C,, gene fragments (9.3, 6.6 and 
1.85 kb). It is now clear that the 12- and 5.6-kb Cza gene 
fragments are located on one chromosome and the 23-kb Cy2, 
gene fragment on the other. We also know that the 6.6-kb Cys, 
gene fragment is derived from the chromosome containing the 
duplicated C,2, gene. Consequently, the other chromosome 
should contain two C,2, gene fragments (9.3 and 1.85 kb) and 
one C,2, gene (23 kb). It is not clear whether these two EcoRI 
fragments of the C,2, gene are due to the gene duplication or 
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to the introduction of new EcoRI sites by point mutation. 

The number of Cp genes has been thought to be invariant 
among inbred strains, although definitive proof is lacking. Pre- 
vious studies (ref. 6 and Y.Y. and H.T., in preparation) using 
Southern blot analyses indicate the presence of a single gene 
for each of the C, . Cys, Cyan, Cryza Ce and C, genes in many 
inbred strains including BALB/c, C57BL, AKR, AJ, NZB and 
SJL. It may be safe to conclude that inbred strains mentioned 
above have similar sets of Cy genes although they have con- 
siderable divergence in the nucleotide sequence. 
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_Neurofibrillary tangles are a prominent feature in the pyramidal 
cells of the hippocampus and in neurones of the cerebral cortex 
of people suffering from senile dementia of the Alzheimer type 
(SDAT)'. Similar neuronal changes also occur in elderly 
Down’s syndrome patients and to a lesser degree in intellec- 
tually normal old people’. The tangles are composed of bundles 
of paired helically twisted 10-13 nm filaments (PHF)*"*, which 
may be either neurofilaments’ or microtubules’. Attempts to 
isolate tangles from postmortem material have met with some 
success® but there is disagreement over the molecular weight 
(M,) of presumptive PHF proteins enriched in these fractions, 
with conflicting claims of 50,000 (refs 6,7) and 20,000 (ref. 
8). Initially it seemed that the 50,000-41, putative PHF protein 
and tubulin cross-react’”° but this result may have been a 
serological artefact, due to tangle-associated material in prepar- 
ations of microtubule proteins used as immunogen and as test 
antigen'’, We have used monoclonal antibodies to show here 
that neurofilament antigens are present in neurofibrillary 
tangles. 
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Monoclonal antibodies were produced as previously 
described using as immunogen either Triton X-100-insoluble 
rat brain protein’? (monoclonal antibodies RT 97, RS 18, 147, 
155) or a crude soluble protein fraction (1 h 150,000g,, super- 
natant) from two pooled hippocampi (SDAT cases U212 and 
U224, one of which was also studied immunohistochemically; 
see Table 2) (monoclonal antibody BF 10). Hybridomas secret- 
ing antibody to neurofilaments were screened as before’? and 
to neurofibrillary tangles by the peroxidase—antiperoxidase 
(PAP) or by the indirect immunoperoxidase methods on 
paraffin sections of tangle-rich human brain'*. Neuropathologi- 
cal samples were selected from postmortem brains of three 





Fig. 1 Human cerebellum (paraffin sections) was stained by the 
PAP method ?. a, Monoclonal antibody 147; b, monoclonal anti- 
body BF 10 (counter-stained with Harris’s haematoxylin). Baskets 
and neuronal fibres reacted strongly. Monoclonal antibodies were 
used both as tissue culture supernatants (undiluted) and as ascites 
fluid [diluted 1:1,000 with Tris-buffered saline, pH 7.6 (TBS}]. 
Normal horse serum (diluted 1:5 with TBS) was used instead of 
normal goat serum in the preincubation step to eliminate non- 
specific staining. After overnight incubation at ambient tem- 
perature with monoclonal antibodies, sections were washed in 
TBS (30 min), overlayed with rabbit anti-mouse IgG (H+ L; Nor- 
dic) diluted 1:200 with TBS (30 min), washed in TBS (30 min), 
overlayed with goat anti-rabbit IgG (Fc fragment, Nordic} diluted 
1:200 with TBS (30 min), washed in TBS (30 min), overlayed by 
PAP produced in rabbits (Miles) diluted 1:300 with TBS. The 
reaction was developed with diaminobenzidine (BDH). Scale bar, 
100 um. 
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cases of senile dementia of the Alzheimer type, one elderly 
Down’s sydrome subject and one intellectually normal old 
subject. We found that five monoclonal antibodies (Table 1) 
resembled rabbit anti-bovine neurofilament 210,000-M], poly- 
peptide (anti-210K) sera previously described’** in their reac- 
tion on human cerebellum, as they all reacted with basket cell 
axons around the Purkinje cells and neuronal fibres in the inner 
third of the molecular layer (Fig. 1). Monoclonal antibodies 
BF 10 and 147 and the rabbit anti-210K antiserum were found 
to react with some neuronal fibres in the cortex and subcortical 
white matter (Fig. 2a). BF 10 and RT 97 were the only anti- 
bodies to react with tangles, and did so in all cases studied 
(Tables 1, 2); the extent of reaction with tangles resembled that 
of similar slides after silver or Congo red staining. Initial studies 
of antibody RT 97 in tissue culture supernatants suggested that 
the antibody was not tangle reactive, but subsequent studies 
using ascites fluid showed that, like BF 10, it also stains tangles 
down to a dilution of ascites fiuid of at least 1:2,000. Ascites 
fluid antibodies RS 18, 147 and 155 do not react with tangles 
even at 1:200 dilutions whereas all stain neurofilaments at 
1:2,000 dilution. The ascites fluid was used at dilutions of at 
least 1:2,000, as, if more concentrated, background staining 
of sections becomes appreciable. 

PHF can be associated with neuronal perikarya in the form 
of neurofibrillary tangles or with certain neurites in plaques. 
As well as staining tangles, BF 10 and RT 97 reacted strongly 
with numerous distended terminals or neurites which constitute 
the major part of the senile plaque (Fig. 2c~e). In case T/B, 
BF 10-positive material was found associated with plaques and 
only an occasional perikaryon (Fig. 2f); RT 97 was not studied 
in sufficient detail to know whether it reacted identically with 
BF 10 in this case. Only a minority of the neurites in plaques 
reacted with antibodies other than BF 10 and RT 97 (Fig. 2b; 
Table 1) and none of the antibodies stained amyloid. These 
results are consistent with our earlier observations of the lack 
of tangle-reactivity of rabbit anti-bovine neurofilament sera’’. 
Absorption of BF 10 with purified bovine neurofilaments (poly- 
peptide pattern shown in Fig. 3a) removed all staining with 
this antibody. 

The monoclonal antibodies were analysed by immunoblot- 
ting’® on purified bovine neurofilaments and on total protein 
from SDAT and control human hippocampi (Fig. 3). BF 10 and 
155 react predominantly with the 155,000-M, neurofilament 
protein of bovine neurofilaments and the corresponding poly- 
peptide in human brain. RT97, 147 and RS18 bind most 
strongly to the 210,000-M, bovine neurofilament protein and 
the equivalent human polypeptide. Several of the monoclonal 
antibodies seem to cross-react'*'*'’ with the 210,000- and 
155,000-M, neurofilament proteins. BF 10 reacts with both the 
155,000- and 210,000-M, polypeptides of bovine neurofila- 
ments (Fig. 3b) but is specific for the 155,000-M, polypeptide 
of human neurofilaments (Fig. 3g, n). RT 97 also seems to react 
with both polypeptides in bovine neurofilaments (Fig. 3d) but 
in human material may be specific for the 210,000-M, protein 





Fig. 2 Reaction of plaques and tangles with monoclonal anti- 
bodies 147 and BF 10. a, T/A fibres in cortex reacting with 147 
(scale bar, 50 pm; applies to a, b, d-f); b, U/144 neurites in a 
plaque reacting with 147; c, T/A tangles in pyramidal cells in 
cortex reacting with BF 10 (scale bar, 100 pm); d, U/303 tangles 
in pyramidal cells of hippocampus reacting with BF 10; e, U/144 
tangles and neurites in a plaque reacting with BF 10; f, T/B tangles 
in a pyramidal cell perikaryon reacting with BF 10. 


(Fig. 3i, p). RS 18 (Fig. 3e, j,q) reacts similarly to RT 97 but 
147 seems specific to the 210,000-M, polypeptide of both 
bovine and human neurofilaments (Fig. 3c, h, o). Monoclonal 
antibody 155 is specific for the 155,000-M, polypeptide in both 
species but reacts strongly with several lower molecular weight 
(50,000-60,000) bands (Fig. 3f, k,r). Antibody BF 10 also 
reacts strongly with two to four bands just below the 155,000- 
M, polypeptide. We have tentatively attributed these extra 
bands to proteolytic degradation of the major neurofilament 
proteins; if this is the case, the corresponding antigenic deter- 
minants are probably well separated in the 155,000-M, poly- 
peptide. Other bands, which can be visualized on longer 
exposure of autoradiographs with all the antibodies (data not 
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Table į} Immunohistochemical reaction pattern and antigenic specificities of antibodies 





Reaction with 


Immunoglobulin neurofibrillary 
Clone subclass tangles 
BF 10 IgG2a + 
RT 97 IgGl + 
RS 18 IgGl = 
147 IgGi _ 


155 IgGl = 

BF 10-absorbed = 

Rabbit anti-210K neurofilament = — 
sera 








Neurofilament 
Reaction Reaction polypeptide with 
with human with human major antigenic 

senile plaques neurofilaments” determinant (M,) 

N + 155,000 

N + 210,000 

n + 210,000 

n + 210,000 

n + 155,000 

= ~ ND 

n + 210,000, 155,000 
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N, most neurites; n, occasional neurites. ND, not determined. 
*Determined by characteristic staining pattern on cerebellum. 
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Table 2 Comparison of immunohistochemical reaction pattern of two monoclonal antibodies on five different postmortem specimens 
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Reaction pattern 
147, rabbit 


Case Area examined BF 10 anti-210K antiserum 
U/224 (SDAT) DG, H T,N n 
U/303 (SDAT) DG,H TLN n 
T/A (SDAT) NC, SWM T,N,A nA 
U/144 (Down’s syndrome) DG, H T,N n 
T/B (old age) NC, SWM T,N,A n, A 


a 


DG, dentate gyrus; H, hippocampus; NC, neocortex; SWM, subcortical white matter. T, neuronal perikaryal tangles; A, axons; N, most neurites 


in senile plaques; n, occasional neurites in senile plaques. 


shown), are being investigated. Immunoblotting did not reveal 
any outstanding differences between normal and SDAT 
neurofilament antigens with any of the antibodies used, includ- 
ing BF 10 and RT 97. Differences such as the relative sharpness 
and intensities of individual bands are probably the result of 
postmortem degradation and variability in the efficiency of 
blotting and would only be significant if confirmed in analyses 
of many different postmortem specimens. The neurofilament 
proteins detected by the antibodies on the immunoblots are 
minor constituents of the total human hippocampal proteins 
present as neurofilament bands in the stained tracks (Fig. 3/, m) 
are not obviously visible; this attests to the sensitivity and 
specificity of the antibodies for immunochemical analysis of 
neurofilament antigens (neurofilaments are only a minor com- 
ponent of the total protein composition of grey matter even of 
fresh rat brain although white matter is relatively rich in 
neurofilaments). 

Neurofibrillary tangles must share at least two antigenic 
determinants with neurofilaments as the immunoblots analysis 
has shown RT 97 and BF 10 to be clearly directed at different 
sites of the neurofilament structure and possibly different 
neurofilament polypeptides (Table 1). Some tangles contain a 
mixture of apparently normal neurofilaments and PHF'*?? and 
are occasionally composed of bundles of straight filaments 
(B.E.T., unpublished) but the strength of the reaction with the 
BF 10 and RT 97 monoclonal antibodies with most of the 
tangles suggests that the reactive component is not simply due 






Bovine Control SDAT brain 
neurofilaments i human brain i 
210,000— | l 
155,000— 3 
70,000—— 
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Fig.3 Immunoblots showing the antigenic specificities of all five 
monoclonal antibodies on isolated bovine neurofilaments (a-f); 
total hippocampal proteins of control human brain (g-/); total 
hippocamal proteins of SDAT brain (m-r). a,l, m Are stained 
with Coomassie brilliant blue and are tracks cut from SDS slab 
gels’*. The remainder of the tracks, with identical sample loadings, 
were blotted and processed essentially as according to Towbin et 
al.'° on to nitrocellulose sheets which were then cut into strips 
and each strip incubated with a different antibody followed by 

"l-labelled rabbit anti-mouse immunoglobulins. The autoradio- 
graphs are aligned exactly with the stained gel strips to show the 
position of the labelled antigens present in the total sample pro- 
teins. BF 10 (b, f, n), 147 (c, h, oy, RT 97 (d, i p), RS 18 (e, j, 
q); 155 (g, k, r}. Ascites fluid for the incubations with the nitrocel- 
lulose blots was diluted as follows: BF 10—1:107 (6), 1:5 10° 
(f, n); 147-—-1:4 10? (c), 1: 10° (h, 0); RT. 97—1:1.5 x 10° (d), 
1:2x10* Gi,p); RS 18—1:2x10° (e), 1:5x10° (jq); 155— 
1:2x10* (g) 1:5x10° (k,r). The molecular weight of the 
individual bovine neurofilament triplet polypeptides are indicated 

at the left-hand side. 


to inclusions of neurofilaments. Ultrastructural studies with this 
antibody are required to confirm this. As other monoclonal 
antibodies and rabbit antisera which react with normal human 
neurofilaments fail to stain tangles, any neurofilaments present 
in the PHF (or straight filaments) must be structurally different. 
The differential reactivity of RT 97 in tissue culture super- 
natants with tangles and normal neuronal fibres suggests that 
the corresponding antigenic determinant may be partially 
affected in tangles resulting in a failure of RT 97 to bind when 
the antibody concentration is low. The pattern of reactivity 


` with the panel of antibodies is consistent for all tangles of a 


given case and for all five cases studied (three SDAT, one 
Down’s syndrome, one normal old age), which implies that any 
change in neurofilament integrity is a precisely defined event 
and not a random breakdown of structure. Immunoblotting so 
far has failed to reveal any gross differences in molecular weight 
of neurofilament antigens from control and SDAT tissues and 
suggests that an altered antigenicity may be the result of either 
an intrinsic conformational change in the filament protein or a 
different packing and/or masking of antigenic determinants. 
BF 10 and RT 97 monoclonal antibodies should be useful new 
reagents for probing the chemical composition of neurofibrillary 
tangles. 

This work was supported by the Wellcome Trust and the 
MRC. We thank Dr L. H. Carrasco, Professor J. A. N. Corsellis, 
Dr B. Doshi, Dr I. Janota and Professor P. L. Lantos for advice 
and assistance in collecting specimens, and Dr R. Calvert for 
preparations of isolated bovine neurofilaments. 

Note added in proof: Selkoe et al.” have claimed that PHF are 
insoluble in SDS which would therefore make it difficult to 
analyse these proteins by SDS-gel electrophoresis and 
immunoblotting. This same group’ have also recently pub- 
lished evidence that the 20,000-M, protein previously found to 
be enriched in the PHF fraction’ is, in fact, myelin basic protein. 
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Heavy chain immunoglobulin gene expression requires two 
independent DNA recombination systems’. The first DNA 
rearrangement event (V-D-J recombination) involves the for- 
mation of a complete variable region (V,) gene in pre-B lym- 
phocytes**. The second series of recombination events allows 
for a switch in heavy chain constant region class from u to 
either y3, y1, y2b, y2a, £ or a>. These recombination events 
occur in intervening sequences but do not alter or generate 
Rew coding information which is a common feature of V—D-J 
unions’. Tandemly repeated DNA sequences, spanning ~2 — 
S kilobases (b), are localized ~1.5 kilobase pairs 5' of each Cu 
gene and have been termed Cu switch (S) regions.>’. Two short, 
simple sequences that are shared by all switch region repeats 
(GAGCT and GGGGT) have been proposed to facilitate Cu 
switching by homologous DNA recombination’. Unlike other 
switch regions, a large portion of the S,. region (3 kb) consists 
of essentially pure tandem repeats of GAGCT which are 
occasionally interrupted by a GGGGT*. However, the precise 
sites of switch-recombination in S, are gen located con- 
siderably 5’ of this genetically unstable stretch’? of GAGCT 
repeats (Fig. 1). We now report the properties of a novel Cy 
S region sequence, YAGGTTG, which is 5’ of switch recombi- 
nation sites and preferentially repeated in S regions. 

The nucleotide sequences in the immediate vicinity of the 
switch-recombination sites used by 10 rearranged Cy genes are 
depicted in Fig. 2. Germ-line S, sequences are all referred to 
as ‘donor sites’ because all functional switch events must origi- 
nate 5’ of the C, gene and then for simplicity all other germ-line 
Su sites are termed ‘acceptors’. Acceptors may also serve as 


donors when multiple recombination events result in a func- 
tional switch. Abortively rearranged Cy genes can either be 
generated by inter-switch region acceptor recombinations (that 
is, as with S,; and S% in MPC11)" or by the recombination 
of non-immunoglobulin-associated DNA sequences (that is, 
non-switch region DNA) with an Sy region’?*”3*, The only 
common feature at or near all the recombination sites shown 
in Fig. 2 is the presence of a prevalent heptamer sequence, 
YAGGTTG. Several expressed Cy genes use an analogue of 
YAGGTTG in the identical sequence environment, suggesting 
that these may constitute preferred switch sites. Analogues of 
this prevalent heptamer are occasionally located 3’ of some of 
these recombination sites. However, GAGCT and GGGGT 
sequences are absent in 9 of these 21 DNA sequences. The 
poorest YAGGTTG analogues (4/7 matches) are utilized by 
the Sy% acceptor in MOPC 141 and the S, donor of MC101 
(a y1 producer). However, the four matched nucleotides are 
contiguous in both cases. Therefore, we assume that the 
minimum criterion for a YAGGTTG sequence analogue is a 
4/7 match with four contiguous matched nucleotides. As most 
of these putative recognition sequences are not perfect matches 
to a YAGGTTG heptamer, we analysed other properties of 
YAGGTTG-like sequences which might support the idea of 
their specific involvement in the Cy switching mechanism. 

The majority of switch events appear to occur 8~16 nucleo- 
tides 3’ of this common sequence (Fig. 3). However, four of 
the rearrangement events shown in Fig. 2 occur within this 
prevalent sequence. Two of these examples are acceptor sites 
of abortively rearranged genes (y2b in MPC11, and a in 
MOPC 603)"*'*, One of these events occurred within interven- 
ing sequence (IVS) I of the C,1 gene which resulted in a Cy1 
domain deletion”. The fourth and last case (y2b in MOPC 
141) occurred 1.0 kb beyond the 3’ boundary of the repetitive 
Sy» acceptor region®”’*. The expressed y2b gene in MOPC 141 
is the only known example of a switch that occurs beyond the 
3" boundary of a repetitive switch region. We have failed to 
observe a reoccurrence of this rare event in any of 13 different 
y2b-producing plasmacytomas (R.B.L. and K.B.M., in prepar- 
ation). The significance of the preference for 8-16 nucleotides 
between a YAGGTTG analogue and the actual switch site will 
require further confirmation from analyses of other functionally 
switched Cpu genes. 

YAGGTTG analogues are repeated in switch regions. 
Twenty-eight YAGGTTG-like sequences are located in the 
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Table 1 YAGGTTG (Y =CorT) matches in five switch regions of heavy chain constant region genes 


Switch region 


oo matches 
j 


Length (kb) 3 $ Total Prevalent matches to YAGGTTG 
S. 5.20 1 8 15 32 Y A G G T T G 
71 53 82 100 82 88 82 
Sy 5’ 0.56 0 5 8 16 Y A G G Y T G 
100 88 88 100 75 63 63 
Sis 3’ 0.85 3 9 21 7 40 Y À G G Y T G 
88 88 100 100 70 58 67 
S51 0.59 1 4 12 22 C A G G Y T G 
90 100 100 100 80 80 50 
Cig 1.60 0 14 21 40 Y A G G T G 6 
90 100 95 100 74 79 95 
Sa 1.40 6 30 16 2 54 T À G G Y T G 
79 81 98 100 88 94 81 
Totals 10.2 11 70 58 65 204 Y A G G Y T G 
Sp = 5.2 86 83 96 100 80 71 76 
Sa = 5.0 

Cy coding regions* 6.8 0 3 40 72 115 Y A G G T N N 

(without IVS I) 88 78 95 100 70 


The minimum critera for a match is 4/7 with all four nucleotides contiguous and all other matches (that is, 7/7, 6/7, 5/7) must also have four contiguous nucleotides. 
The switch region lengths only refer to sequenced DNA S77, Sys 5’, Sa 327, S71! S 2! and S.”. Prevalent matches to YAGGTTG were determined by only 


tabulating the 7/7, 6/7 and 5/7 matches. 4/7 matches only seem to be rarely used 
& nOn-specific match (a 1/51 chance) tends to randomize unnecessarily the resultant 
of its incidence ın all 7/7, 6/7 and 5/7 matches combined. Sp refers to the entire S 


in functional C,, genes (Fig. 2) and the high probability to detect randomly such 
consensus sequences. The fit of a particular nucleotide 1s indicated as the percentage 
„ region and S, refers to all other S regions 


* Data obtained from C,”*, C,,?°, Coa? ?!, Cpa? and C,” with IVS I contribution removed. N, any of the four nucleotides 
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immediate vicinity of all known S,, sites used in Cu gene switches 
and Są acceptor regions contain numerous repeats of 
YAGGTTG-like sequences (Table 1). Consensus sequences 
prepared for YAGGTTG analogues found in different switch 
regions closely resemble the YAGGTTG prototype sequence. 
Analogues of this recognition sequence are at least as prevalent 
as the common GAGCT sequences’. The Sa region is par- 
ticularly rich in YAGGTTG-like sequences possessing 36 out 
of 54 examples that are either 7/7 or 6 /7 matches in only 1,400 
base pairs’. 

YAGGTTG sequences are not repeated in Cy coding regions. 
If similar amounts of Cn coding DNA (8.3 kb) and Cy switch 
region DNA (10.2 kb) are compared, the Cyu coding regions 
are found to contain less than 10% of the total number of 7/7 


etn CC 
Table 2 Observed frequencies of YAGGTTG sequences compared 
with their expected random frequencies 


No. YAGGTTG matches 
7/7 6/7 577 4/7 


Cy coding regions (8.3 kb) 0 6 58 105 
(1) (14) (81) = (163) 

Cy IVS Lonly (~1.5 kb) 0 3 18 33 
(0) (3) (15) (30) 

Cy, coding regions without 0 3 40 72 
IVS I (6.8 kb) (0.8) (12) (67) (133) 

BALB/c a- and 8-type globin 3 18 51 87 
genes (~ 5.0 kb) (0.6) (9) (49) (98) 

Within 50 bp 5’ of Jg and Jy 0 3 8 15 

(0.450 kb) (0) (0.8) (4) (9) 

S,, (without GAGCT repeat 1 9 17 30 
region; 2.2 kb) (0) (4) (22) (40) 
All S regions (without S, 11 81 139 202 
GAGCT repeat region; (1) (12) (70) (140) 


7.2 kb) 


The total number of each of the four different categories for 
YAGGTIG matches are compared with their number derived from 
random expectations. The random probabilities used for 4 /7, 5/7, 6/7 
and 7/7 matches to YAGGTTG are 1/51, 1/102, 1/585 and 1/8192 
respectively. Statistical probabilities were calculated with the assump- 
tion that the four matched nucleotides in the YAGGTTG sequence 
must be contiguous. Numbers in parentheses indicate the random 
expectation for the YAGGTTG analogue in a similar size sequence. 
YAGGTTG analogues were also observed to be random in the J -Ck 
and Jy loci and in the 4-8 intragenic region, Cu coding regions a 
BALB/c a- and B-type globin genes: Oe dk locus", J,-Cx 
intragenic region and Cx 7 Jy locus’, So, other S regions ee 
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Fig. 1 The relative locations of Cy gene switch sites 
and two classes of hypothesized recognition sequences 
are indicated 5’ of the mouse C, gene. Y represents a C 
or a T. The nucleotide sequence of the S, region were 
extracted from other publications” * The location of the 
unstable S, length variation region that consists of a 
relatively pure stretch of GAGCT and GGGGT 
sequences was determined from other published 
work?’!! as well as our unpublished data. MOPC 141 
(refs 3, 14), TEPC 15 (ref. 7), M167 (ref. 34), MOPC 
603 (ref. 7), Ig E1 (ref. 8), MC101 (ref. 35), MPC 11 
(ref, 36), IF-2 (ref. 14) and J558 (L.H. and K.B.M., in 
preparation). 


rye FOC Oo 


and 6/7 YAGGTTG matches found within all switch regions 
(Tables 1, 2). The distribution of YAGGTTG analogues in Cy 
coding regions is below random expectations (Table 2). Indeed, 
these sequences are present in random amounts in three mouse 
globin genes'*’° and in the entire Jk-Cr locus’”"*. A lower 
frequency of YAGGTTG-like sequences in Cy coding regions 
may be selected for to avoid aberrant recombination events. 
More than 50% of the best YAGGTTG matches, that are 
found in Cy coding regions, occur in IVS L If these are excluded 
from the Cy coding region analysis, the y end of the 
YAGGTTG-like heptamer appears random and gives a poor 
YAGGYNN composite (Table 1). These observations may be 
relevant to the phenomenon of rare Cy domain deletions in 
defective or mutant chains in mice’” and humans’’. Unlike the 
results observed for the entire Cy coding region, the presence 
of YAGGTTG analogues in IVS I agrees well with random 
expectations (Table 2). 

We have compiled here considerable evidence for the 
involvement of a YAGGTTG-like sequence in the mechanism 
of Cy switch-recombination: (1) YAGGTTG-like sequences 
are predominant features of all functional switch sites so far 
identified. (2) YAGGTTG is 5’ of the switch sites of both donor 
and acceptor sites for all Cy switches in a total of 21 examples. 
(3) Switch-recombination sites preferentially occur 8-16 
nucleotides 3’ of a YAGGTTG analogue. (4) YAGGTTG-like 
sequences are preferentially repeated in all Sy acceptor regions 
but appear unique to the S, donor region. (5) YAGGTTG 
analogues are present below random expectations in Cy 
domains and their IVSs except IVS Is. 

As a model for Cy switch-recombination, we suggest that a 
YAGGTTG sequence or its close analogue acts with tandem 
repeats of a GAGCT sequence to mediate an efficient Cy gene 
switch. The S„ donor region appears different and not only 
seems to require a YAGGTTG-like sequence close to the 5’ 
side of the switch site but also to possess a very large region 
of GAGCT tandem repeats located considerably 3’ of the actual 
switch site. The presence of 3 kb of GAGCT repeats in S5, 
the conservation of this repetitious region in mice and 
humans??? and the existence of GAGCT and GGGGT in 
switch region consensus sequences’ collectively argue that 
YAGGTTG analogues, as well as GAGCT repeats, are 
required for an efficient Cu switching process. The need for 
repeats of both YAGGTTG analogues as well as GAGCT and 
GGGGT sequences in switch acceptor regions may reflect the 
pairing process that allows for the proper alignment of C,, genes 
for an accurate switch event. After the initiation of this pairing 
event, a switch could perhaps occur close to any YAGGTTG 
analogue. However, this idea would not rule out that low- 
frequency switching events may not require the GAGCT 
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‘epeats. This would be the case for the y2b gene in MOPC 141 
ind the Cy1 domain deleted y1 gene in IF-2 in which the 
witch acceptor sites have no GAGCT repeats. When consider- 
ng recombination events associated with immunoglobulin 
zenes, one must also be aware that rare V~J recombinations 
an occur with the participation of a conserved heptamer 
sequence in the absence of a nanomer sequence!” 

‘We consider this a working hypotheses which may stimulate 
‘urther studies on Cu switch sites. The examination of other 


witch recombination events may confirm the role of the | 


YAGGTTG-like sequences. One testable prediction of our 
model would be that Cu switches occurring in tissue culture 
variants of myeloma cell lines” utilize YAGGTTG analogues. 
A y2b> y2a switch in an MPC 11 switch variant has recently 


been shown to result from a DNA deletion event which encom- 


passes the switch site of the y2b-producing, parental MPC 11 
cell and the entire y2b-coding region’®. We suggest that the 
endpoints of this deletion event may occur close to the 3' side 
of YAGGTTG analogues. This type of secondary or variant 
cell switch would be an infrequent or rare event since the S, 


GAGCT repeat region is completely deleted on forming the 


original functional MPC 11 y2b gene and is therefore unavail- 
able for the secondary switch event. A direct functional test of 
the molecular requirements for Cu switching could use a gene 
transfer approach that would use B lymphocytes or switch 
variant myeloma cells as recipients of genetically modified, 
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Saf 
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J558{Ea} Sub GOTGAGCT GATCTOARATGAGCIAP IC TGGAGT 





Sah. CTETETEGOTAGGET AP APSAATGASCTERGCTGAGCTOGGCTARGCT 
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5 À panaire n iaun vau. i + i DRR Ean f 
AR nen GAGCTAGACTAGGCT GCTGGAATGAACCIGEGTTGAGCTGAACTAGAT 
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Fig.2 Nucleotide sequences of the germ-line donor and acceptor 
environments of eight Cy gene switches and two aberrantly re- 
arranged Cy genes. YAGGTTG sequences that are found in all 
switch-recombination events, and therefore hypothesized to be 
important recognition sites, lie between the two vertical lines. 
Arrows indicate the precise points of DNA breakage. Overhead 
solid bars indicate the locations of YAGGTTG analogues outside 
the hypothesized YAGGTTG recognition site. Overhead open 
bars indicate the locations of GAGCT and GGGGT sequences. 
Nucleotides in YAGGTTG analogues which do not match their 
_ counterparts in the prevalent sequence are marked with overhead 
dots. MPC11 E,., (ref. 16), MPC11 UE,» (ref. 11), 
© MOPC 141 E,» (refs 3, 14), IF-2 E: (ref. 15), MC101 E,, (ref. 
35), M167 E,, (ref. 34), J558 Ea (L. H. and K.B.M., in prepar- 
ation), TEPC 15 Ea’, MOPC 603 Ea’ and MOPC 603 UEa? 
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Fig. 3 Cy gene switch recombination sites are not randomly _ 
distributed around the YAGGTTG sequence. The percentage of 
examples of Cy, switch events that occur at 7 bp intervals from 
the prevalent YAGGTTG recognition sequence are depicted as 
a function of this distance. The recognition sequence is in the 
~ 7-0 region of the graphs. a, Normally rearranged Cy genes. 
The abnormal Cy, genes IF-2,,, MPC11 UE, and MOPC 
603. UEa) are not included in the analysis. b, All rearranged Cy 
genes. All21 examples presented in Fig. 2 are used for the analysis. 


multi-C gene substrates whose germ-line switch regions have 
been deleted or specifically mutagenized. 
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Renin, a protease which cleaves the prohormone angio- 
tensinogen, releasing angiotensin I, has a major role in regulat- 
ing blood pressure and electrolyte balance. However, the 
primary structure and the active structure of the enzyme remain 
unknown. The presence of an inactive form of the enzyme, 
activable by partial proteolysis, has led to the proposal that 
renin is synthesized as an inactive precursor. Kidney juxta- 
glomerular cells constitute the principal source of renin, but its 
concentration in this tissue is too low to allow determination 
of its primary structure by conventional techniques. In some 
strains of mice, the male submaxillary glands synthesize and 
secrete very large amounts of an enzyme which appears indistin- 
guishable from renal renin by immunological and physico- 
chemical criteria’, thereby representing a unique oppor- 
tunity to delineate the detailed features of renin. We now 
present the analysis of bacterial DNA recombinant clones har- 
bouring an essentially complete transcript of renin mRNA 
isolated from the mouse submaxillary gland. The deduced 
amino acid sequence shows that renin is synthesized as a 44,209 
molecular weight (M.) precursor. Comparison with other 
known acid proteases shows a good alignment of renin and acid 
protease sequences in the neighbourhood of residues involved 
in the active site. N-terminal sequence analysis of renin reveals 
that the precursor is converted by a protein cleavage into active 
renin consisting of two chains of M, 35,000 and 3,000. 

We have previously described the construction of cDNA 
clone pRn5.3 which contains ~ 1,100 nucleotides of a mouse 
renin mRNA sequence‘. The presence of a poly(A) extension 
at one end of pRn5.3, as revealed by nucleotide sequence 
analysis, indicated that the cDNA sequence in this clone corre- 
sponds to the 3’ portion of renin mRNA. A clone, designated 
pRn4.7, containing a sequence 5’ upstream of pRnS.3 cDNA, 
has been isolated (see Fig. 1 legend), and contains ~ 1,250 
nucleotides of renin mRNA sequence. As clones pRn5.3 and 
pRn4.7 share an identical segment of ~ 900 nucleotides in their 
central portion and as pRn5.3 codes for the 3’-terminal region 
of renin mRNA, together they harbour an essentially complete 
transcript of renin mRNA. The nucleotide sequence of cDNA 
inserts was determined using the partial chemical degradation 
method of Maxam and Gilbert in conditions previously 
described®. The strategy for sequencing pRn5.3 and pRn4.7 
plasmids is presented in Fig. 1a, while Fig. 16 shows the 
nucleotide sequence of cDNA in pRn5.3 and pRn4.7; the 
sequence is 1,424 nucleotides long. 

The sequence bears one open reading frame of 1,203 nucleo- 
tides, the two other reading frames containing, respectively, 17 
and 20 nonsense codons. A search for the ATG translation 
initiating codon in the open reading frame near the beginning 
of the 5’ region revealed two ATG codons located 41 and 56 
nucleotides from the 5’-terminal region of pRn4.7 cDNA. If 
the first ATG codon is the starting codon, the amino-terminal 
sequence of renin precursor would contain 3 basic residues 
followed by 10 hydrophobic amino acids. Such a sequence is 


very similar to the signal sequences observed at the amino- 
terminal end of most precursors of secreted proteins’, making 
it likely that the first ATG codon is the starting codon. 

As the endoprotease responsible for the cleavage of signal 
segments splits the peptide bond on the carboxy-terminus side 
of small uncharged amino acids and as the residues located in 
the neighbourhood of the cleavage site exhibit a high potential 
for making -turns or aperiodic conformations®, we propose 
that the cleavage site for preprorenin probably lies after Cys 18. 
However, two other cleavage sites—after Ser 21 and Gly 25— 
cannot be ruled out. 

The coding sequence of renin mRNA is 1,203 nucleotides 
long and ends with the translation stop codon UAA. The 
deduced amino acid sequence gives a molecular weight for the 
renin precursor of 44,209. The 3’-untranslated region, which 
is 180 nucleotides long, contains four more potential stop 
codons in the same reading frame. The consensus sequence 
proposed by Proudfoot et al? AATAAA, occurred 12 nucleo- 
tides before the polyadenylation site. 

Enzymatic studies have shown that renin shares certain 
catalytic features with acid proteases‘°’’. James et al.”, have 
proposed a mechanism for the catalytic hydrolysis of peptide 
bonds by acid proteases involving the proton shared by Asp 
32 and Asp 215 of penicillopepsin as the electrophilic com- 
ponent and Tyr 75 as a charge relay element. These authors 
have shown that, on substrate binding, Tyr 75, originally bound 
to Trp 39, is involved in a conformational change. 

We aligned the primary amino acid sequences of some pepsin 
family proteins—bovine and porcine pepsinogens™™"*, bovine 
prochymosin’® and pepcillopepsin from Penicillium janthinel- 
lum !°—with the renin sequence so as to maximize the homology 
between proteins. As calculated from Fig. 2, a homology of 
37-24% exists between these acid proteases and renin. In 
particular, the cysteine residues occur within the renin chain at 
almost identical positions to those in the pepsinogen chain, 
suggesting the same arrangement of the disulphide bridges, and 
similarities in tertiary structure for renin and acid protease 
molecules. 

Figure 2 shows that the two regions of highest homology 
between renin and acid proteases are those surrounding the 
two renin aspartyl residues Asp 101 and Asp 286, correspond- 
ing to Asp 32 and Asp 215 of penicillopepsin. Furthermore, 
the two residues Tyr 75 and Trp 39 are conserved, occurrring, 
respectively, at positions 146 and 108 of the renin chain. As 
mechanistic features of proteases indicate that the ways in which 
residues of a protein attack peptide bonds are limited, this 
homology in the active site of renin suggests a detailed analogy 
in catalytic mechanism. Our results thus indicate that renin and 
acid proteases have arisen by a process of divergent evolution 
from a single ancestral prototype”. 

To establish the relationship between the renin precursor 
and the mature active enzyme, we have determined the N- 
terminal sequence of pure active renin*®. Although renin 
appeared homogeneous on analytical HPLC and SDS-gel elec- 
trophoresis, a double sequence was obtained. After reduction 
by mercaptoethanol, the molecular weight shifted from 38,000 
to 35,000 and a faint band appeared at the front of the gel. A 
similar observation was reported by Suzuki et al.™”. The double 
sequence and the decrease in molecular weight following reduc- 
tion suggested that renin exists as two chains linked by a 
disulphide bridge. Therefore, renin was reduced, carboxy- 
methylated and the two chains separated by gel filtration and 
subjected to automated Edman degradation; their N-terminal 
sequences are shown in Fig. 3. 

The N-terminal sequence of peptide A, corresponding to the 
main protein band, determined for 21 positions, coincides with 
the portion of renin starting at position 64, and the sequence 
of peptide B, corresponding to the minor band, determined for 
21 positions, coincides with the portion of the enzyme starting 
at position 354. We propose the model of renin processing 
shown in Fig. 4. The peptide signal is first removed from the 
renin precursor by membrane processing enzymes, leading to 
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plasmids. Comparison of renin TTE TE ERE Se aaa oie 
x. ` ’ seetmnmeiaiimnnan a bannenan al Drinaan ot 
mRNA size, ~ 1,600 nucleotides as @3<.-% eee 
determined previously’, and 1,100- Pvui Pati Kpni Hpell Saci Patt 
nucleotide cDNA insert in pRn5.3 prea N 
CA ee a Se ee 
shows that ~400 nucleotides are eee ae SAE 
required to complete the sequence aren mm = m = > seve? 


of the renin message (if we assume 
that the poly(A) track is 100 nucleo- 
tides long). To clone the 5’ portion 
of renin mRNA, partially purified 
renin mRNA was used as a template 
for reverse transcription’’. The 
cDNA obtained was converted into 
double-stranded S} nuclease-resis- 


es GGAGTGGACATGACCAGGCTCAGTGCTGAATGGGACGTATTCACAAAGAGGTCTTCCTIGACTGATCTTATCTCCCCCGTGGTCCICACE ogy. 
tant DNA*. Double-stranded pt eo 
Ge ieee 80 a 90 100 
cDNA of 1.2-1.7 kilobases was AsnTyrLeuAsnSerGinTyrTyrGlyGlulleGly! leGlyThrProProGInThrPheLysVall lePheAspThrGlySerAlaasn 
eluted from a 3.5% acrylamide gel AACTACCTGAATAGCCAGTACTATGGCGAGATCGGCATTGGTACCCCACCCCAGACCTTCAAAGTCATGTTTGACACGGGCTCCGCCAAC 45, 
and inserted into the Pst site of 110 ; | a eetas A S ” i - : 
: r a1; LeulrpValProSerThrlysCysSerArglLeulyrlLeuAlaCysGlyl leHisSerLeuTyrGluSerSerAspSersersertyrme 
PBR322 by the oligo(d(CG)) tailing CTCTGGGTACCCTCCACCAAGTGCAGCCGCCTCTACCTTGCTTGTGGGATTCACAGCCTCTATGAGTCCTCTGACTCCTCCAGCTACATG us 
method“. Host bacteria were trans- i "o ms 
: 1 i i ae 
formed and colonies were screened GluAsnGlyAspAspPheThrl leHisTyrGlySerGlyArgValLysGlyPheleuSerGInAspSerValThrValGlyGly!lethr 
by hybridization with the nick-trans- GAGAATGGAGACGACTTCACCATCCACTACGGATCAGGGAGAGTCAAAGGTTTCCTCAGCCAGGACTCGGTGACTGTGGGTGGAATCACT «3, 
lated cDNA insert of pRn5.3 as a 170 180 190 
5 7 j ValThrGintThrPheGlyGluValThrGluleuProleuw! leProPheMetLeuAlaGinPheAspGlyValLeuGl yMetGlyLeuSer 
probe The recombinant plasmid GTGACACAGACCTTTGGAGAGGTCACCGAGCTGCCCCTGATCCCTTTCATGCTGGCCCAGTTTGACGGGGTTCTAGGCATGGGCCTTTCE +; 
containing the largest 5° portion of . 
renin message was chosen for further cL T ase 220 
: ; ArgSerAlaValGlyGlyValThrProvalPheAspHisIleLeuSerGlnGlyValLeuLysGluLysValPheSerValTyrTyrAsn i 
analysis and designated pRn4.7. For  CGCTCAGCCGTCGGCGGGGTCACCCCTGTCTTTGACCACATTCTCTCCCAGGGGGTGCTGAAGGAGAAAGTGTTCTCTGTCTACTACAAC 718 
sequencing experiments, sites of ia ii 365 
endonuclease cleavage are indicated AGLEGYCCCCACE TACT EGGROGLORGOTROTOE ROC ACO LR eee ee ee R RSL yAsprheliaTyrV¥elSerteuser 
AGSGGT TGCT A CTA CA GGA A 
at the top. As shown by the Poul site GSGGTCCCCACCTGCTGGGGGGCGAGGT GGT GC TAGGAGGCAGCGACCCGGAGC pos 
position of the pBR322 plasmid, the LysThra SerT GinlleThrMetLysGly¥alS Vagi SerSerThrLeuLeuCysGlug] AM GluValValValA 
: ; ysinraspserirpGiniteThrMetLysGlyValSerValGiySerSerThrLeuLeuCysGluGluGlyCysGluValvalValAsp 
recombinant plasmids pRn5.3 and AAGACTGATTCCTGGCAGATCACAATGAAGGGGGTGTCTGTCGGGTCTTCCACCCTACTGTGTGAAGAAGGCIGTGAGGTAGTGGTGGAR saa 
pRn4.7 are inserted in inverse Bae 3 To 
orientation at the PstI site of vector TarGlySerSerPhel leSerAlaProThrSerSerleulysleul leMetGInAlaLeuGlyAlatysGlulysArgleuHisGlulyr 
DNA. DNA fragments were labelled ACTGGTTCATCCTTTATCTCGGCTCCTACGAGCTCCCTGAAGTTGATCATGCAAGCCCTGGGAGCCAAGGAGAAGAGACTACATGAATAT aas 
either at the 5’ end (————-) or at 330 a: si 
the 3’ end (~--). Arrows indicate ValValSerCysSerGinValProThrLeuProAspl leSerPheAsnleuGly6lyArgAlaTyrThrieuSerSerThrAspTyrVal 
the direction: and exent OF nucle. GTTGTGAGCTGTAGCCAGGTGCCCACCCTCCCCGACATCTCCTTCAACCTGGGAGGCAGGGCCTACACACTCAGCAGTACGGACTACGTG ‘Aaa 
tide reading. b, Nucleotide sequence ee A ee ey re eee rere 370 
í : euGiniyrProAsnaArgArgAsplysleuCysThrvalAa aLeuHisAlaMetAsplleProProProThrGlyProValTrpValleu 
of mouse submaxillary renin cDNA CTACAGTATCCCAACAGGAGAGACAAGCT GTGCACAGTGGCTCTCCATGCCATGGACATCCCACCACCCACTGGGCCTGTCTGGGTCCTG iisa 
as deduced from the sequence of ihi a i 
: 0 
plasmids pRn5.3 and pRn4.7. The GlyAlaThrPhelleArgLysPheTyrThrGluPheAspArghi sAsnAsnArgValGlyPheAlaLeuAlaArg 
amino acid sequence is that predic- GETGCCACCTTCATCCGCAAGTTCTATACAGAGTTTGATCGGCATAACAATCGCGTTGGATTCGCCTTIGGCCCGCTAAGGCCCTCTGCCA itri 
ted from the nucleotide sequence. 
CCCAGTAACCCTAGGCCAAGCCAAGCTGGCACTCTTGGGGGCCATTTGTCTGGCTTTGTCCCAACATAGGGACACTGGACACAGAGACCC or 
TAACGAGTGTTGCCCCTTCACCTGCACCTCACCCTICCCTGCCTTTAAGGGAAAACCGAATAAAGATTTCATGTTT jnz, 
« 1 * * + 7 50 + * e * 190 
Renin MDRRRMPLWALLLLWSPCTFSLPTGTTFERIPL( KX! MPSVREILEERGVDMTRLSAEWDVPTKRSSLTDLISPVVLTNYLNSOYYGEI GIGTPPOTFEVIF 
Pepstnogen (bovine } | SWK~~-VK~~SLRONLIENGKLKEF - RTHK YNLGSKY1~EAA~{ }V-EQP-0~~-DTE~F~T---- mAn Dn Teo 
Pepsinogen { pig) ; LVKV--VR--SLRONLI KDGKLKDFLKTHKHNPASKYFPEAAA( + ~GDEP-E~~-DTE-F~T - +0 eA Pe mo e 
Prochymosin (bovine) | ABIT~~~-YKG~ SLRKALKEHGLLEDFLOKQOYGISSKY( j-i GFGEVASVP~=----D«~=P-K-YL--=--E=T-L- 
fumed dlopepein _ AASGVATNTP-AN-DEE-ITPVT~=GT4 FLNLN= 
+ 101 2 > + : « 2 180 * * 200 ; 
Renin DTGSANLWVP STKCSRLY LACGIHSLYESSDSSS YMENUGDDPT 1HYGSGRVKGFLS( DSVTVGGITVN OTFGEVTELPLIPPMLAG iFDGVLGMGLSRSAY 
Pepsinogen (bovine) --~-~S«+--~-~ I¥-={ SE~~TN-NRENPOQ~~-4 TY-/ i : l 
Fepstnogen (ptg) se St oe a V¥~-( BL--SD-NOFNPD-~-{ WF-ATSQELS-T-~T-SMT~1-GY¥i > T-Q--~-~SD-N-I--LSETE~G&l )}~ LYYAP-~~~1-~LAYPSISA 
Prochymosin (bovine) ---~SDF--~~IY-K( SN--KN-QRFDPRK~4 WFQ-L~KPLS~ ~~-T~SMQ-1-GY( + T-~~SN-VDIQ-~V-LS-QE-GIIIVETTAE~~~1I~--AYPSL-S 
Pentetllopepstn = =e mane D-~-F~-ELPC WSOQSG~-V-NP~ATG IK~-LS~ YIWS~S--D-SSASGNVP Tim ~ aw wn V-AHG~AVQAAQOISAG + OODTNN-~1I~+-LAP-SINT 
201 è * a e 250 € * + * 300 
Renin GGVTUPVFDHILSQGVLKEKVFSVYYN RGPHL LGGEVVLGGSDP EH YQGDF HYVSLSKTDSWOITMKGVSVGSSTLLCEEGCEVVVDTGSSFISAPTSSLE 
Pepstnogen {bovtne) 
Pepstnogen (pig) S-A~-{ }~~-NLWD~~LVSQDL~~~-LSSNDDSGSVVLLGGI D-SYYTGSLNWVP ~ SVE(GY~~~-LDSITMDGE-IA-SG-~QAI---~T=LLTG---AIA 
Prochymosin (bovine) EYSI }~~-NMMNRHLVAQDL~~~~M{ D-DGQESMLTLGA IDPS YYTGSLHWVP -I IVQ(QY--FYVDS-TISGVVVA--G--QAIL-=-T-KLVG-S-DIL 
Pentet Llopepsin VQPQSOTTFFDTVKSS~AQPL-A-AL{ IKHOQPGVYDFGF1D-SKYTGSLTYTG~DN-QGH }-SFNVDSYTA--QSGDGFS~{ MA---TTLLLLBD-VVS 
301 a $ fd + 350 $ e a 400 
Renin LA EMQALGAKEKRLH EYVVSCSQVPTLP D1 SFNLGGRAYTLSSTDYVUILOYPNRRDKLCTVALHAMD I PPPTGPVWVLGATFIRKFYTEFDRHNNRVGFALAR 
Fepstnogen (bovine) 
Pepsinogen (pig) ON-QSDI~~S-NSD(G~M-I~~-SIDS-~--V-TIN-VQ-P--PSA~I( =I - )DS~- SGFEG--V-TSS-EL~I-~DV~---QY~-V~--A--K-=1-PVA 
Prochymosin (bovine) (N-Q~~I--TOQNOY(1G~FDID-DNLSYM~TVV-EIN-KM-P-TPSA-TY B-D{  QGF--SGFQ{ .SENHSQK~I--DV---EY~SV~--A--L--L-K-I 
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MetAspArgArgArgMetProLeuTrpAlaleuLeuleuLeuTrpser 
TCTGGGCTACACAGCTCTTAGAAAGCCTIGGCTGAACCAGATGGACAGGAGGAGGAT GCCTETCTGGGCACTCTIGTTGCTCTGGAGT 


20 30 4 


6 
ProCysThrPheSerLeuProthrGlythrthrPheGluArgl leProLeulysLysMetProSerValArgGlulleLeuGluGluArg 
COTTGCACCTICAGTCTCCCAACGGGCACCACCT TTGAACGAATCCCACTCAAGAAAATGCCCTCTGTCCGGGAAATCC TGGAGGAGCGE 


50 60 70 Se 
GlyValAspMetThrArglLeuSerAlaGluTrpAspVal PheThrl ysArgSerSerLeuThrAspLeul leSerProValValLeuThr 
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Fig. 2 Comparison of mouse submaxillary renin and acid proteases primary sequences. The upper line gives the predicted amino acid 
sequence of renin, the four lower lines give the amino acid sequences of bovine and porcine pepsinogens, bovine prochymosin and 
penicillopepsin from P. janthinellum. Data are from Dayhoff**. Only the amino acids which differ from the renin chain are shown. Homologous 
? positions are indicated by dashes. Deletions are indicated by parentheses. The single code for amino acids is given in ref. 24. 
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Fig. 3 Amino-terminal sequence analysis of renin A and B 

chains; 30 nmol each of chain A and chain B were analysed by 

automated Edman degradation in a Beckman sequencer 890C 
exactly as described elsewhere”. 
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the formation of prorenin. The prorenin is converted into active 
mature renin by two proteic cleavages, each occurring after two 
basic residues: Lys 62—Arg 63 and Arg 352—Arg 353. The exact 
length of the A and B chains is not known because the carboxyl 
terminus of the two chains has not been determined. However, 
the molecular weight of the A chain as determined by SDS-gel 
electrophoresis (35,000) is close to that calculated from the 
deduced amino acid sequence (31,347). The addition to A and 
B chain (5,379) M, gives a M, of 36,698, close to that found 
by SDS-gel electrophoresis and equilibrium sedimentation, 
making extensive processing of the C-terminus unlikely. 

Our model is based on the presence of a disulphide bond 
between the A and B chains. Cys 4 present in the B chain (Cys 
357) is probably linked to Cys 320 of the A chain, by analogy 


A chain Bchaln 


Fig. 4 A schematic representation of the possible maturation 

process of submaxillary gland renin. The model involves three 

cleavages: (1) removal of the peptide signal by membrane pro- 

cessing enzymes; (2), (3), conversion of the prorenin obtained into 

active mature renin by two cleavages occurring after a dibasic 

peptide and giving rise to the A and B renin chains linked by a 
disulphide bond. 


with pepsin. Similarly, because the position of the cysteines is 
conserved in the acid protease family, it is likely that there is 
a disulphide bond between Cys 114 and Cys 121, and between 
Cys 277 and Cys 281. 

Comparison of this model with the primary structures of 
carboxyl proteases and the mature form of these enzymes 
reveals interesting features: murine submaxillary renin and 
porcine cathepsin D?° possess two chains; in the case of renin 
the processing of these two chains occurs after a dibasic peptide. 
This activation cleavage is distinctly different from the 
intramolecular activation mechanism of pepsinogen? but 
similar to that for proinsulin and other endocrine peptides”. 
It is not known whether submaxillary gland and kidney renins 
are identically processed from the same precursor molecule. 
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The principal secretory protein in rat prostatic fluid ts a steroid 
binding protein’ whose expression is stimulated by androgenic 
steroids”. This prostatic steroid binding protein is oligomeric, 
consisting of two subunits, one containing the polypeptides Ci 
and C3 and the other containing C2 and C3°. We have isolated 
cDNA clones specific for each of the mRNAs which code for 
prostatic binding protein and note here the considerable DNA 
sequence homology between C1 and C2. Therefore, it is likely 
that duplication of an ancestral gene occurred and the sub- 
sequent divergence results in the expression of two related 
polypeptides that form part of a single protein. Furthermore, 
in view of the structure of the protein it is possible that the 
divergence of one of the genes has resulted in the capacity of 
this prostatic protein to bind steroids. 

Prostatic steroid binding protein is an oligomer consisting of 
two subunits’. In one subunit C3, a polypeptide of molecular 
weight (M,) 12,000 is linked by disulphide bridges to C2, a 
polypeptide of M, 10,000 and in the other subunit C3 is linked 
by disulphide bridges to C1, a polypeptide of M, 8,000. These 
three polypeptides are encoded by discrete mRNAs and we 
have previously isolated cDNA clones for C1 and C3 mRNA” 
by using the ability of single-stranded cDNA to form a hairpin 
at its 3’ end in order to prime the synthesis of the second DNA 
strand!!. As the cDNA inserts were much smaller than the 
estimated mRNA sizes, we have now used an alternative pro- 
cedure which reduced the loss of DNA corresponding to the 
5 end of the mRNA‘*?, Single-stranded cDNA was tailed 
with dCMP and synthesis of the second strand was primed with 
oligo(dG), thereby avoiding the use of S, nuclease which 
necessarily results in loss of DNA. After a second tailing reac- 
tion, dC-tailed double-stranded cDNA was inserted into the 
PstI site of pAT153™, which had been tailed with dGMP. 

Transformants that contained the desired cDNA sequences 
were identified by in situ hybridization’* using **P-labelled 





Table 1 Relationships of prostatic binding proteins, MRNA and cDNA clones 





Prostatic Primary cDNA 
binding translation mRNA size cDNA insert size 
protein product (nucleotides) plasmid (nucleotides) 
8,000 (C1) 9,000 500-550 pAl3 500 
10,000 (C2) 11,000 550-600 pB44 500 
12,000 (C3) 10,000 650-700 pA34 600 
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Fig. 1 Nucleotide sequence of prostatic pA 13 AGC CTG TGT CIT CIG 
binding protein mRNAs for C1 and C2 pB 44 CIG TGT CIT CT¢ 4 
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After phenol extraction the tailed DNA 
was passed through a Sephadex G-150 
column and annealed with oligo(dG) to 
prime the synthesis of the second DNA 
strand using reverse transcriptase’? 
After phenol extraction and gel filtration 
the double-stranded cDNA was tailed 


Hat 


c1 Phe [Leu] Lys Asp[¥ ya} Gln Trp/Vallclu Thr Tyr Tyr Pro Glu Ile Asp Phe Tyr Tyr Asp Met Asn 
again with dCTP using terminal trans- C2 Ba Tyr a 


Lys Asp|V 


ferase. pAT153™ was digested with PstI 
and tailed with ~20dGMP molecules. 
Annealing of pAT153 and double- 
stranded DNA was carried out at a molar 
ratio of 1.1 by heating the mix at 60°C 
for 2 h and cooling overnight. After transformation of Escherichia coli HB101 had 
Further screening to distinguish colonies which contained the desired prostatic 





cDNA. This was possible because the amount of hybridization 
with recombinant plasmids depends on the abundance of the 
individual cDNA species and the cDNAs that correspond to 
prostatic steroid binding protein mRNA represent by far the 
most abundant cDNA in the total mix. Individual recombinant 
plasmids were distinguished by mRNA purification’*"*, Thus 
cDNA clones pA13, pB44 and pA34 (Table 1), which are 
specific for C1, C2 and C3, respectively, were selected for 
further studies. It was likely that they represented complete 
copies of the mRNAs because we and others!™!™!8 have esti- 
mated that the size of prostatic binding protein mRNAs, includ- 
ing the poly(A)-tail, was 450-700 nucleotides and the DNA 
insert sizes were consistent with the size of each corresponding 
mRNA (Table 1). Furthermore, preliminary mapping of mRNA 
transcripts synthesized in vivo indicates that the cDNA inserts 
extended to within 10 nucleotides of the 5’ ends of the mRNAs. 

We sequenced the cDNA inserts?® and found marked 
similarities between pA13 and pB44, resulting in extensive 
amino acid sequence homologies between C1 and C2 (Fig. 1). 
In contrast, the DNA sequence of pA34, which was consistent 
with the published protein sequence of C3?°, shows no 
significant homology with pA13 or pB44. 

Both C1 and C2 mRNAs contain approximately 430 nucleo- 
tides. C1 mRNA contains: (i) A 5’ non-coding region of at least 
36 nucleotides. (ii) A coding region of 333 nucleotides of which 
264 correspond precisely to the secreted polypeptide of 88 
amino acids’’. In fact, there are two potential AUG initiation 
codons which could represent the NH, terminus of the protein. 
As these would result in signal peptides of 12 or 23 amino 
acids, we favour initiation of translation at nucleotide 37 
because all signal peptides described so far contain 15-30 amino 
acids”? and, in general, the first AUG initiation codon is utilized. 
(iii) A 3’ non-coding region of 60 nucleotides, including a UGA 
termination codon and a AAUAAA poly(A) addition signal 
19 nucleotides preceding the poly(A)-tail. The C2 mRNA con- 
tains: (i) A 5’ non-coding region of 34 nucleotides. (ii) A 
postulated coding region of 294 nucleotides of which 60 prob- 
ably comprise a signal peptides and 234 code for the secreted 


polypeptide, in agreement with the partial protein sequence 
which has been determined to date (B. Peeters and W. Rom- 
bauts, personal communication). This would be consistent with 
the sizes of the primary translation product synthesized in vitro 
and the processed polypeptide secreted in vivo®. In addition, 
we suggest that the signal peptide is cleaved at Asn-Gly-.Gln 
which is used commonly by signal peptidases”. (iii) A 3’ non- 
coding region of 105 nucleotides which contains a UAA termi- 
nation codon and a AAUAAA poly(A) addition signal 24 
nucleotides preceding the poly(A)-tail. 

The most remarkable feature of the two mRNAs, however, 
is the extent of sequence homology which occurs in both coding 
and non-coding regions and which results in a 50% amino acid 
sequence homology between the primary translation products 
and increases to 62% when semi-conservative amino acids are 
included (Fig. 1). The most striking homologies are shown in 
Fig. 2 and encompass: (i) the 5’ non-coding region of nucleotides 
1-19 in pB44 and 13-31 in pA13 which share 79% homology, 
(ii) the signal peptide of nucleotides 22~99 in pB44 and 35-109 
in pA13 which share 87% homology, (iii) the coding region of 
nucleotides 128-267 in pB44 and 131-269 in pA13 which 
share 76% homology and (iv) the 3’ non-coding region of 





Putative C2 


Putative 
signal 
peptide 


Fig.2 Schematic representation of the major homologies between C1 and 
C2 mRNA. Hatched areas show regions of at least 75% DNA sequence 
homology. Possible homologous regions of less than 15 nucleotides have 
been omitted. The initiation codons ATG and termination codons TGA 
and TAA are shown by arrows and the putative signal peptides are shown 
preceding the arrows f at which a signal peptidase may cleave. Cysteine 
residues (@) attach C1 and C2 to C3 by disulphide bridges. 
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nucleotides 362-432 in pB44 and 363-431 pA13 which share 
81% homology. Several additional homologous regions of 15- 
20 nucleotides also exist but have been omitted for reasons of 
clarity. 

The similarity in the DNA sequences in pAl13 and pB44 
suggest that the genes coding for C1 and C2 have probably 


arisen by duplication of an ancestral gene. There are now many 
examples of duplicated genes: some are pseudogenes’””*”, some 


are expressed at quite different levels with distinct control 
signals™ 5, and others are expressed in similar amounts’”>’. 
C1 and C2 seem to fall into this last class, being similarly 
expressed and controlled by androgens in the rat ventral pros- 
tate and ultimately both forming part of a secreted steroid 
binding protein. It is also of interest that in blotting experi- 
ments?! with rat and mouse DNA samples we find that pB44, 
but not pA13, hybridizes (at low as well as high stringency) 
with mouse DNA; therefore, we presume that gene duplication 
in the rat occurred after the evolutionary divergence of rat and 
mouse. 

The divergence between the C1 and C2 genes may be of 
functional significance in view of the structure of prostate bind- 
ing protein’ and its steroid binding properties”°”*. After dis- 
sociation of the protein into the two subunits, only C2-C3 
continue to show steroid binding’. Although this experiment is 
open to several interpretations, the only apparent difference 
between the subunits is the composition of Cl and C2 and 
therefore one intriguing possibility is that a portion of C2 is 
crucial for steroid binding. In spite of this, it is extremely difficult 
to predict which regions of C2 are important because amino 
acid differences, which could markedly affect the conformation 
of the protein, occur throughout the two polypeptides. 
Moreover, it is conceivable that C2 does not bind steroids 
directly but may interact with C3 in such a way as to enable 
the C2—C3 subunit to bind steroids. Nevertheless, as estramus- 
tine, a nitrogen mustard derivative of oestradiol-178, binds 
with a Ka of 2x 107° M” and has been used as a therapeutic 
agent in the treatment of prostatic carcinoma’, it will be of 
considerable interest to investigate whether similar genes can 
be detected in human DNA. 


Received 18 March; accepted 10 May 1982. 


. Heyns, W., Peeters, B. & Mous, 7. Biochem. biophys. Res. Commun. 77, 1492-1499 (1977). 

Heyns, W. & De Moor, P. Eur. 1. Biochem. 78, 221-230 (1977). 

Parker, M. G., Scrace, G. T. & Mainwaring, W. L P. Biochem. J. 170, 115-121 (1978). 

. Forsgren, B. et al. Proc. nain. Acad. Sci. U.S.A. 16, 3149-3153 {1979}. 

Lea, O, A., Petrusz, P. & French, F.$. J. biol, Chem. 284, 6196-6202 (1979). 

_ Chen, C., Hirpakha, R. A. & Liao, $. J. Steroid Biochem. 11, 401-405 (1979}. 

Parker, M. G. & Mainwaring, W. I. P. Cell 12, 401-407 (1977). 

. Parker, M. G. & Scrace, G. T. Proc. natn. Acad. Sci. U.S.A. 76, 1580-1584 (1979), 

. Heyns, W., Peeters, B., Mous, J.. Rombauts, W. & De Moor, P. Eur. J. Biochem. 89, 

181-186 (1978). 

10. Parker, M. G., White, R. & Williams, J. G. J. biol, Chem, 288, 6996-7001 (1980). 

11. Maniatis, T., Kee, S. G., Efstratiadis, A. & Kafatos, F. C. Cell 8, 163-182 (1976). 

12, Rougeon, F., Kourilsky, P. & Mach, B, Nucleic Acids Res. 2, 2365-2378 (1975). 

13. Land, H., Grez, M., Hauser, H., Lindenmaier, W. & Schütz, G, Nucleic Acids Res. 9, 
2251-2266 (1981). 

14. Twigg, A.J. & Sherratt, D. Nature 283, 216-218 (1980). 

18. Grunstein, M. & Hogness, D. S. Prac. natn. Acad. Sci. U.S.A. 72, 3961-3965 (1975), 

16. Abwine, J. C., Kemp, D. 3. & Stark, G. R. Proc, nam. Acad. Sci. U.S.A. 74, 5350-5354 
(1977). 

17. Peeters, B. L., Mous, J. M., Rombauts, W. A. & Heyns, W. J. J. biol. Chem. 255, 7017-7023 
(1980). 

18. Mansson, P. E., Silverberg, A. B., Gipson, S. H. & Harris, S. E, Molec. cell. Endocr, 19, 
229-241 (1980). 

19. Maxam, A. H. & Gilbert, W. Proc. natn. Acad, Sci. U.S.A. 74, 560-564 (1977). 

20. Peeters, B., Rombauts, W., Mous, J. & Heyns, W, Eur. J. Biochem. 118, 115-121 (1981). 

21. Peeters, B., Heyns, W, Mous, J. & Rombauts, W. Eur. J. Biochem. 123, 55-62 (1982). 

23. Austen, B. M. FEBS Len. 103, 308-313 (1979). 

23, Jacq, C., Miller, J. R. & Brownlee, G. G. Cell 12, 109-120 (1977). 

34. Hardison, R. C. et al. Cell 18, 1285-1297 (1979). 

25. Fritsch, E. F., Lawn, R. M. & Maniatis, T. Cell 19, 959-972 (1980). 

26. Royal, A. et al. Nature 279, 125-132 (1979). 

27. Colbert, D. et al. Biochemistry 19, §§86—-$592 (1980). 

28. Wood, W, G. et al. Cell 18, 437-446 (1978). 

29. Lomadico, P. et al. Cell 18, 545-558 (1979). 

20. Wahii, W. & Dawid, I. B. Proc. nam. Acad. Sei, USA. 77, 1437-1441 (1980). 

41. Southern, E. M. J. molec. Biol. 98, 503-317 1975}, 

32. Forsgren, B., Gustafsson, J-A. Pousette, A. & Hogberg, B. Cancer Res. 39, 3155-5164 
{1979}, 

34. Jönsson, G., Hogberg, B. & Nilsson, T. Scand. J. Urol. Nephrol. 44, 231-238 (1977). 

44. Birnboim, H. C. & Doty, J. Nucleic Acids Res. 7, 1513-1523 (1979). 

45. Paterson, B. M., Roberts, B. E. & Kuff, E. L. Proc. nam. Acad. Sci. U.S.A. 74, 4370-4374 

(1977). 


FO AE un Fe Ge fa oe 


a tg a te A et a 


ABV AGE /O4 AGAVE A 


Nature Vol, 298 1 July 1982 
A 
Inverted repeats surround 


the ribitol—arabitol genes of £E. coli C 
Christopher D. Link* & Albey M. Reiner 


Department of Microbiology, University of Massachusetts, Amherst, 
Massachusetts, 01003, USA 


Oe eee titania 
Only 10-20% of natural Escherichia coli strains can catabolize 
the pentitol sugars ribitol and p-arabitol’. This variability 
extends to common laboratory strains: E. coli C strains, but 
neither K12 nor B strains, can catabolize these sugars. In E. 
coli C, the genes responsible for these catabolic pathways are 
chromosomal and consist of two very closely linked, indepen- 
dent operons”. Genetic’ and hybridization studies (C-D.L. and 
A.M.R., unpublished data) indicate that the genes are com- 
pletely absent in K12. These observations led us to consider 
whether these genes had been acquired by horizontal, rather 
than vertical, genetic transmission, perhaps as an inserted trans- 
posable element. Here we report that the ribitol-arabitol genes 
of E. coli C are surrounded by 1.4 kilobase (kb) inverted 
repeats of imperfect homology. These genes may constitute an 
example of a vestigial transposable element recently acquired 
by the bacterial chromosome. 

To examine the physical structure of the ribitol—arabito! 
chromosomal region, the ribitol-arabitol genes of E. coli C 
were cloned in vivo on aA specialized-transducing phage (desig- 
nated AGAR) and in vitro by recombinant DNA techniques. 
Preliminary electron microscopy with DNA from AdAR sug- 
gested that this phage contained inverted repeats, structures 
often associated with transposable elements’. To investigate 
this possibility further, single strands of AGAR and of two A 
control phages were separated and purified by the 
poly(U, G)/CsCl equilibrium gradient method*. Renaturation 
of single-stranded phage DNA in the absence of its complemen- 
tary strand yields duplex regions only by formation of intra- 
strand duplexes resulting from inverted repeat sequences in the 
original double-stranded molecule. These intrastrand duplex 
regions can be visualized and sized by degrading the unpaired 
single-stranded DNA with nuclease S, and displaying the 
remaining duplex DNA by gel electrophoresis’. 

The gel banding pattern produced when single-stranded 
DNA from AdAR and control phage AY199::tn10 (which 
contains transposon Tn/0) is treated with S, nuclease is shown 
in Fig. 1. Single-stranded AdAR DNA produces multiple bands 
with a major band having the mobility of an ~1.4 kb fragment, 
and minor bands running at ~0.7 and 0.6 kb (Fig. 1, lanes f-i). 
These bands are never observed with single-stranded DNA 
from Y199, the parent phage of AdAR. In contrast, DNA from 
phage AY199::TnJO produces a single sharp band (Fig. 1, lanes 
b-e) corresponding to 1.36 kb, which is the size of the Tn10 
inverted repeats as estimated by electron microscopy’. These 
results demonstrate that AGAR, like AY199::TnJ0, contains 
inverted repeats. The multiple banding pattern of AdAR pre- 
sumably reflects imperfect homology between two sequences 
of ~1.4kb, resulting in single-strand ‘bubbles’ of non- 
homology in the intrastrand duplex which may be cleaved by 
S, nuclease. This view is supported by the observation that 
increasing the S, nuclease concentration shifts the banding 
pattern of AdAR towards smaller, more numerous fragments 
(Fig. 1), and by hybridization experiments described below. 

To locate these imperfect repeats with respect to the ribitol— 
arabitol genes, and to exclude the possibility that the inverted 
repeats found on the AGAR genome are an artefact generated 
during in vivo formation of this phage, we also worked with 
the genes cloned by recombinant DNA techniques. Cloning 
was achieved by randomly ligating EcoRI fragments of E. coli 
C chromosomal DNA into the plasmid vector pBR322. (EcoRI 
was chosen after preliminary experiments demonstrated that 
an EcoRI fragment of AdAR includes both the ribitol—arabitol 
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Fig. 1 Gel electrophoresis of intrastrand duplex fragments 
which survive $, nuclease digestion of renatured single-stranded 
DNA from AY199::Tn/O (lanes b-e) and AdAR (f~i). Phage 
AY199::Tn10, used as a control, was constructed by selecting a 
recombinant between AY199 and the Tn10-containing phage 
A561°%. Preparations of separated strands of phage DNA were 
renatured by heating for 1h in 0.3 M NaCl at 65°C. §, nuclease 
digestions were done as described earlier” and the di gested samples 
were run On a 1.4% agarose gel. Lane a contains an EcoRI- 
Bam HI double digest of A” and pBR322 as a size standard. Lanes 
b-e contain 1.4 ug of AY199::Tn10 DNA, f-i contain 3.2 ug of 
AGAR DNA. The digestions were done using 20 (b, f), 40 te, g), 

80 (d, h) or 120 (e, i) units of S,. 


genes and the inverted repeats.) All transformants selected for 
their ability to use ribitol or D-arabitol could utilize both sugars, 
and all examined further harboured a plasmid in which a large 
(16.5 kb) EcoRI fragment had been inserted into pBR322. One 
of these plasmids, designated pAR-2, was chosen for further 
restriction mapping. 

The relative locations of the inverted repeat sequences were 
determined by preparing Southern transfers of restriction 
enzyme digests of pAR-2 and probing with **P-labelled in- 
verted-repeat DNA, The probe was prepared by first extracting 
from an agarose gel the major intrastrand duplex fragment 
which survives S, nuclease treatment of AGAR (Fig. 1) and then 
labelling the fragment in vitro by nick translation®. Lane a of 
Fig. 2 is a positive control showing hybridization of the probe 
to the intrastrand duplex fragments produced by S, treatment 
of AGAR. (The hybridization of the probe to the minor bands 
demonstrates that the smaller fragments are derived from the 
major intrastrand duplex fragment.) The hybridization patterns 
of the pAR-2 digests (Fig. 2b-e ) were used to locate the inverted 
repeats relative to previously mapped restriction fragments of 
this plasmid. The repeats were found to lie in two non- 
contiguous fragments separated by 7.2 kb (see Fig. 3). 

Similar hybridization studies show that the inverted repeat 
osrobe does not hybridize to Tn3, Tn 10, or E. coli K12 chromo- 
somal DNA, even in conditions that would detect partially 
r1omologous sequences’, Hybridization of the probe to E. coli 
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C chromosomal DNA was limited to fragments present in ~ 


pAR-2, demonstrating that the only copies of the repeat unit 
in the E. coli C chromosome are those surrounding the ribitol- ; 
arabitol genes, : 

The location of the individual genes of the ribitol and p- 
arabitol operons relative to the inverted repeats was determined 
by experiments with pAR-2 plasmids into which the kanomy- 
cin-resistance transposon Tns had been inserted’®, Inserts 
which prevented either ribitol or D-arabitol use were mapped 
by restriction enzyme analysis, and the individual genes inacti- 
vated were determined by genetic complimentation. The gene 
order determined in this manner was in complete agreement — 
with the order previously determined by standard genetic 
methods”. The repeats bound the ribitol-arabitol genes in a 
transposon-like arrangement (Fig. 3). Although these experi- 
ments do not exclude the possibility that distal portions of the 
ribitol or D-arabitol genes contribute to the repeated sequences, 
results with the ribitol-arabitol region of the related bacteria 
Klebsiella have shown that no detectable hybridization exists 
between these operons, although hybridizing fragments were 
detected outside the operons’'. 

As the repeat sequences surrounding the ribitol-arabitol 
genes are not found elsewhere in the E. coli C chromosome, 
or anywhere in the E. coli Ki2 chromosome, it is unlikely that 
they represent insertion sequences which coincidentally sur- 
round the ribitol~arabitol genes. The inverted repeats could 
result from residual homology retained from an ancestral tan- 
dem inverted duplication”*; this is improbable, however, in light 
of the non-homology of the ribitol and D-arabitol operons. We 
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Fig.2 Hybridization of the ribitol-arabitol inverted repeat probe 
to digests of pAR-2. The probe was created by electroeluting 
from an agarose gel the major intrastrand duplex fragment of 
AGAR (see Fig. 1) and then labelling this fragment with °P by 
nick translation”. Restriction fragments of pAR-2 and pAR-2 
derivatives were fractionated on a 1% agarose gel and transferred 
to nitrocellulose by the method of Southern??. Pretreatment of 
nitrocellulose filters and hybridization incubations were done as 
described previously”. The probe was hybridized to: a, intrastrand 
duplex fragments generated by S; nuclease digestion of AGAR 
single-stranded DNA; b, EcoRI-BamHI~Hindi lI triple digest of 
pAR-2; c, PstI digest of pAR-2; d, PstI digest of pAR-2 containing 
a I'n5 insert in the gene for D-xylulose kinase; e, PstI digest of 
pAR-2 containing a TnS insert in the gene for D-ribulose kinase. 
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Fig. 3 Map of the 16.5 kb EcoRI fragment RES RUS AI att™3 
cloned in pAR-2. Hatched regions indicate frag- DRK)  IRDHI [ADH] [AXK] 
ments which hybridize to the inverted repeat (IR) 
probe. Arrows indicate location of representa- 
-tive TNS insertions which inactivate ribitol or 
p-arabitol genes. Tn insertions were generated 
by delivering the Tn5 element via defective A 
phage’ to strain AB1157 containing pAR-2. 
The subpopulation of pAR-2 plasmids which 
received Tn5 inserts was enriched by preparing 
plasmid DNA from all transposon-receiving 
cells, then using this to transform another strain tkb 
to kanamycin resistance. Those inserts in pAR-2 
were identified by screening the kanamycin-resistant transformants for inability to use ribitol of p-arabitol. Complementation studies were 
done by transforming a strain containing active ribitol and D-arabito! dehydrogenases, but inactive D-ribulose and D-xylulose kinases, with 
insert-containing plasmids. Because of the polarity of Tn5 insertions, this complementation test cannot distinguish between dehydrogenase 
and promoter insertions. Letters in parentheses indicate enzyme coded for by inactivated gene: DRK, p-ribulose kinase; RDH, ribitol 
dehydrogenase; ADH, D-arabitol dehydrogenase; AXK, arabitol-induced D-xylolose kinase. The maximum rightward extent of the left IR 
region was determined by experiments with pAR-2 containing TnJ insertion Rtl” 6, which show that only the left-hand plasmid-Tn5 junction 
fragment hybridizes to the probe (see Fig. 2, lane ¢). Restriction sites for Sall, Hpal and Bglll were omitted for clarity. B, BamHI, E, 
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suggest that the inverted repeats are the structural remnants 
of an ancestral transposable element which carried the ribitol- 
arabitol genes into E. coli. This would account for the observa- 
tion that only a subpopulation of E. coli strains can use ribitol 
and D-arabitol. 

The imperfect homology of the inverted repeats suggests that 
they no longer function in transposition. Conjugation experi- 
ments (not shown) which demonstrate that the ribitol—arabitol 
genes do not seem to translocate from the chromosome (<10 
transpositions per gene copy) support this view. The hypothesis 
that the inverted repeats are derived from a transposable ele- 
ment could be further supported by demonstrating that the 
repeats themselves are flanked by short inverted repeats, or 
that the ends of the presumptive ribitol-arabitol transposon are 
flanked by a duplication of an oligonucleotide of target DNA. 
However, these transposon characteristics’ may be difficult to 
detect in this case because of the genetic drift which has 
apparently occurred since the insertion of these genes. 

If the E. coli ribitol-arabitol region did originate as a trans- 
poson, then these genes can be viewed as a rare example of 
genes for which there is a molecular record of their acquisition 
by a bacterial chromosome’. What other chromosomal genes 
might have been derived from transposable elements? As 
transposons seem to carry genes of potentially strong selective 
advantage, chromosomal genes conferring catabolic traits or 
resistance to toxic agents could be derived from transposable 
elements. For example, certain chromosomal genes which con- 
fer antibiotic resistance (such as ampC of E. coli’*) might also 
be found to be surrounded by inverted repeats. The E. coli 
genes for restriction and modification (hsd), which are non- 
essential and can convey potentially strong selective advantage, 
may also be candidates for genes derived from transposons. 
(Restriction and modification genes have not yet been identified 
as part of transposable elements, although they can be phage 
or plasmid borne’*.) Some of the inverted repeat sequences 
detected in the E. coli chromosome by electron microscopy f" 
may be evidence of past transposon insertions. The fraction of 
chromosomal genes derived from transposons may be 
significantly greater than the fraction of genes eventually found 
associated with inverted repeats, as one would expect the iden- 
tifying structural features of genes derived from transposons to 
be lost with time. 
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Treatment of Escherichia coli with radiation or chemical car- 
cinogens induces a number of cellular functions to counteract 
the damage inflicted by such treatments (see ref. 1 for a review). 
One of these inducible functions is the SOS response, which is 
controlled by the recA and lexA genes: single-stranded DNA 
produced as a result of DNA damage binds to recA protein 
(RecA), activating its protease function; activated RecA cuts 
lexA protein (LexA), the repressor of the SOS genes, thereby 
inactivating it and turning on these genes’. The SOS genes 
include recA and lexA themselves, and recent work has shown 
that the two genes have similar operators where LexA binds 
in vitro, inhibiting their transcription’. It is anticipated that 
other genes under the control of recA and lexA will have similar 
operators. Recent genetic™* and biochemical’ data suggest that 
the excision repair genes uvrA and uorB are part of the recA- 
lexA regulon and are at least partly responsible for recA—lexA- 
mediated inducible DNA repair. In support of these results we 
have reported that uvrB has a promoter that is repressed by 
LexA in vitro®. We now show that uvrA has an operator similar 
to those of other SOS genes and that LexA binds to this operator 
and inhibits the transcription of the uvrA gene in vitro. 
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To study the regulation of uvrA we used the plasmid 
pDR1996 (see Fig. la) which carries both the uvrA and ssb 
genes’. The exact location of ssb on this plasmid was determined 
from DNA and protein sequencing’. The direction of transcrip- 
tion of uvrA and the approximate location of its promoter were 
determined by Tn1000 mapping’®. The exact location of the 
uvrA promoter was determined by subcloning and transcription 
experiments: removal of the Ball-KpnI fragment spanning 
6.7-7.5 kilobases (kb) inactivated uvrA while transcriptional 
experiments indicated a single transcriptional start between the 


Haelll site at 6.73 kb and the HinfI site at 7.03 kb (data not 


shown). This transcript was presumed to be that of uvrA, and 
this (Haelll—Hinfl)3.; fragment was sequenced to obtain the 
nucleotide sequence of the uvrA promoter shown in Fig. 10. 
The transcriptional start point in this sequence was determined 
from RNA sequencing of the [y-*’P]-labelled transcript made 
in vitro (data not shown) and is indicated as +1 in the figure. 

To study the effect of LexA on uvrA transcription, LexA 
was included in the in vitro transcription reactions. As seen in 
Fig. 2, when present at concentrations similar to those used for 
recA and lexA*, LexA markedly inhibits transcription of the 
uvrA gene. This inhibition is the result of specific binding of 
LexA to the promoter—operator region of uvrA, as is demon- 
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GATCGCCGGTAGCACCATGCCACCGGGCAAAAAAGCGTT TAATCCGGGAAAGGT GAAT GOATAAGATCGAAGTTCGGEGCECCEGCACCCATAATCTCAA 

CTAGCGGCCATCGTGGTACGGT GGCCCGTTTTTTCGCAAAT TAGKCCCTTICCACTIACCTATTCTAGCTTCAAGCCCCGCGGGCGTEGGTATYAGAGTT 
Fig. 1 a, Restriction map of the uvrA plasmid, pDR1996. The 
vector (pBR322) sequences are shaded. The locations and direc- 
tions of transcription of uvrA and ssb are indicated by the heavy 
arrows on the map. The region whose sequence is shown in b is 
indicated by a bar beneath the detailed restriction map of the 
0.6-kb Avall fragment carrying the uvrA and ssb promoters. b, 
Sequence of the promoter—operator regions of uvrA and ssb. The 
~35 sequence and Pribnow box for uvrA are boxed. The pre- 
viously determined’ initiation codon of ssb and the initiation codon 
for uvrA (unpublished data) are indicated by dashed boxes. The 
region protected from DNase I by LexA is bracketed: dashed 
lines at the ends of the brackets indicate regions of uncertainty 
as to the extent of LexA protection. Numbering is from the 
transcription start site of uvrA determined by RNA sequence 

analysis as previously described®. 







Fig.2 Inhibition of uvrA transcription by LexA in vitro. pBR322 
DNA and the (Haelll-Hinfl)325 fragment of pDR1996 were tran- 
scribed in vitro in the presence and absence of LexA. Transcription 
reactions using 2.5 pg ml’ of template and 14 wg ml”! of LexA 
were performed as described previously® except that the transcrip- 
tion buffer contained 30 mM KCI. Transcripts were analysed on 
a 6% polyacrylamide gel containing 9 M urea and visualized by 
autoradiography. In lanes a and b 75% of the reaction mixture 
was loaded onto the gel while in lanes c and d 25% of the total 
reaction volume was loaded. The length of the transcript (shown 
in nucleotides at the right of the figure) was determined by com- 
parison with °’P-labelled ÞX174 DNA. The 104-nucleotide tran- 
script from pBR322 (used here as a control) has been described 
previously by Levine and Rupp’*. The 220 nucleotide-long tran- 
script initiated from the uvrA promoter was found to consist of 
two discrete RNA species which differed in length by ~ 10 nucleo- 
tides but possessed the same sequence at their 5’ ends (data not 
shown). a, pBR322 minus LexA; b, pBR322 plus LexA; c, 
PDR1996 (HaellIB-HinfI)32.5 minus LexA; d, pDR1996 
(Haell1B—Hinfl)3.5 plus LexA, 


strated by the DNase I protection experiments (‘footprinting’, 
see Fig. 3), As seen in Fig. 3, LexA protects from DNase I 
digestion a 25~30-base pair (bp) segment that overlaps: the 
uvrA promoter, 

Inspection of the protected region reveals that it has extensive 
sequence homology with the LexA binding sites found in the 
recA, lexA and uurB genes*** and the postulated LexA binding 
site in the colicin E1 gene, cle! (ref. 11). A comparison of these 
various operators is shown in Fig. 4, from which two conclusions 
can be reached. First, although all the operators have consider- 
able sequence homology with the recA operator, which has a 
near-perfect dyad symmetry, the only conserved dyad symmetry 
is 5'CTG(N):0CAG3’, suggesting that this structure might be 
an important feature of the LexA binding site. Second, the 
positioning of the LexA binding site relative to the two pro- 
moter defining sequences, the ‘~35 sequence’ and the Pribnow 
box, varies in the different genes. Thus, the LexA binding site 
overlaps with the ~35 sequence of uvrA, occupies the region 
extending from the —35 sequences to the Pribnow boxes of 
recA and uvrB, covers the Pribnow box and the transcriptional 
Start site of lexA and occupies the region 3' to the Pribnow box 
of cle1. These varied locations of the LexA binding site may 
provide flexibility for additional regulatory circuits for 
individual genes by leaving specific regions in the promoters 
accessible to regulatory factors other than LexA. In this regard, 
it is of interest that the uvrA and uvrB genes share a homologous 
Sequence that is only partly included in the LexA binding site 
(see Fig. 4), This sequence may be the recognition site of a 
repressor specific for these genes. (Note that such a repressor 
would inhibit transcription from the first uvrB promoter, P1, 
which is not influenced by LexA in vitro.) Similarly, there is 
evidence that two other recA-lexA-controlled genes, cle! and 
himA, have second repressors in addition to LexA'!'"?, and it 
is likely that the operators for these repressors do not or only 
partly overlap with the LexA binding site. The SOS response 
is a drastic reaction by the cell, causing a major perturbation 
in cell physiology and in some cases, even leading to cell death 
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Fig.3 Protection of the uvrA operator by LexA against digestion 
with DNase I (footprinting). The (Haelll-Hinfl)325 fragment of 
pDR1996 was labelled with 32D at the Haelll site at either the 
S' or 3' end and then subjected to chemical sequencing“ or DNase 
digestion’ in the presence or absence of LexA, The conditions 
for footprinting were essentially as described before**'*, The 
bases are numbered relative to the start point of uvrA mRNA, 
which is designated +1. The protected regions are bracketed and 
the positions where the effect of LexA protection could not be 
determined due to lack of DNase I cleavage are indicated by 
broken lines. a, Top strand (5’ label); b, bottom strand (3' label). 
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Fig. 4 Location of LexA binding sites in the promoter-operator 
regions of various genes that are controlled by recA and lexA. 
The 22-base pair dyad symmetry in the recA gene and the sequen- 
ces in the other genes corresponding to this palindrome are in the 
dashed box. The ~35 sequence of cle! (colicin E1) is not included 
for simplicity. Note that there are two tandem operators in lexA® 
and that the potential LexA binding site of clel is included in a 
larger dyad symmetry’. uvrB has at least two transcriptional start 
sites, one marked +1 and the second at ~31. Transcription from 
~31 but not from +1 is inhibited by LexA®. The regions of 
sequence homology between uvrA and uvrB are underlined. Other 
symbols are as in Fig. 1. 
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(as in the case of lambda induction). Thus, it may be advan- 
tageous for genes repressed by LexA to have additional regula- 
tory controls that can function to fine-tune the response of 
different genes to different inducing stimuli, and perhaps also 
to cause expression of some SOS genes in conditions that do 
not lead to a full-scale SOS response. 

We thank Elizabeth Rapoport for technical assistance. This 
work was supported by NIH grants CA 06519, CA 09259, GM 
24178 and American Cancer Society grant PDT-80. 
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Mutations in the uvrD gene of Escherichia coli K-12 result in 
multiple phenotypes, including increased sensitivity to UV light 
and ionizing radiation, decreased ability for host cell reactiva- 
tion, increased spontaneous mutation frequency and decreased 
rate of genetic recombination’. It has been shown, moreover, 
that double mutants having mutations in both uerD and polA 
genes are conditionally lethal’. The pleiotropic phenotypes 
of the uvrD mutants suggest that the uvrD gene product may 
have important roles in the processes of DNA repair, recombi- 
nation and replication. To study the function of the uvrD gene, 
we have constructed hybrid phages and plasmids that carry the 
gene''. Here we have analysed the proteins synthesized by the 
hybrid phages and report that the uvrD gene product is a 
polypeptide of molecular weight (MW) 75,000. We present 
evidence that the uvrD protein possesses a DNA-dependent 
ATPase activity. 

A hybrid phage, AuvrD*, which is able to complement uurD 
mutations, was constructed using Agt:Ac as cloning vector’’. In 
addition to the uvrD gene, AuvrD* carries the corA gene that 
controls transport of Mg’, Mn** and Co** through the cell 
membrane’”’. A hybrid phage, AcorA”, which carries the corA 
gene alone, was also constructed’; this served as a control. We 
have isolated various deletion mutants from AuerD” using the 
method of Saito and Uchida’. Of these deletion mutants, A41 
and A48 were able to complement corA but not uvrD mutations, 
while A49 was unable to complement either mutation. 

AuvrD* contains a 6.8-kilobase pair (kbp) DNA fragment 
derived from the E. coli chromosome and a part (4.0 kbp) of 
the yô sequence (transposon Tn 1000) derived from F plasmid”. 
DNA fragments generated from these phages using restriction 
endonucleases were analysed by agarose gel electrophoresis, 
and physical maps constructed (Fig. 1). 

Proteins produced by the A transducing phages were labelled 
with a '“C-amino acid mixture and analysed by SDS-polyacry- 
lamide gel electrophoresis (Fig. 2). Compared with cells infected 
with Agt-Ac, two specific bands, corresponding to polypeptides 


reer 





@ 1982 Macmillan Journals Ltd 


Nature Vol. 298 1 July 1982 


Fig.1 Physical maps of 
transducing A phages. 


+ 
Cleavage maps were Auvin 
constructed by digestion 
with restriction enzymes À corA* 


followed by agarose gel 

electrophoretic analysis A4 
as described pre- 

viously"! Origins and 

restriction enzyme A48 
target sites are: W, £. 
coli DNA; Ø, yé 
sequence; (J, A phage 
DNA; ["], deletion: V, 
BamHI target sites; V, 
EcoRI target sites. 
Phenotypes of uvrD3 or 
corA5738 cells lysogen- 0 10 
ized with each transdu- 
cing phage are shown 
on the right-hand side. 
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infected with AuvrD*. The 75,000-MW polypeptide was 
identified as the uvrD gene product, because it was absent from 
cells infected with AcorA*, A41 or A48, which lack the intact 
uvrD gene. The 37,000-MW polypeptide seems to be the corA 
gene product; it is absent from A49. 

Of the many proteins known to be involved in DNA metabol- 
ism, there are some whose molecular weight is ~75,000. These 
include DNA-dependent ATPase I'*® and DNA helicase 
I8, Recent studies suggested that they may be the same 
proteins’”. Thus, we have examined DNA-dependent ATPase 
activity in cells infected with uurD* transducing phage. To 
Overproduce the uvrD protein, the susQ mutation?° was 
introduced into both AuvrD* and AcorA* by recombination of 
each phage strain with Aimm434 susQ21. A culture of E. coli 
W3623 (uvrD* Su”) infected with AuvrID* susQ was collected 
195 min after infection, and an extract was subjected to DEAE- 
cellulose filtration, ammonium sulphate fractionation and phos- 
phocellulose chromatography. As a control, an extract of 
AcorA” susQ-infected cells was processed similarly. 

Figure 3 shows elution profiles of DNA-dependent ATPase 
activity from phosphocellulose columns. Both samples showed 
activity eluting as a single peak at almost the same position as 
that reported for DNA-dependent ATPase I in these condi- 
tions”. The ATPase activity was totally dependent on 
denatured DNA and was sensitive to N-ethylmaleimide, as was 
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Fig. 2 Proteins produced by transducing A phages. E. coli 
KY3304 lysogenic for ACI857 was grown in RM medium at 30°C 
to a density of 2x 10° cells mi’ and infected with one of the 
transducing phages at a multiplicity of 10. The cells were labelled 
with *C-amino acid mixture at 30 °C for 50 min and extracts were 
prepared’®, The polypeptides were analysed by electrophoresis 
on 10% SDS-polyacrylamide gels followed by fluorography, as 
described previously’. The positions of phosphorylase B [MW 
94,000 (94K)], bovine serum albumin (67K), ovalbumin (43K), 
carbonic anhydrolase (30K) and soybean trypsin inhibitor (21.5K) 
are indicated. a, Uninfected; b, Agt-Ac; c, AcorA*; d, AuvrD*: e, 
A41; f, 448; g, A49. 
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of molecular weight 75,000 and 37,000, were found in cells | 


observed with the enzyme from normal cells, We estimated 
that AuvrD*-infected uvrD* cells contain about 14 times more 
ATPase activity than AcorA*-infected uvrD* cells. The small 
peaks in Fig. 3b may represent composites of ATPases, which 
were shown to be present in phosphocellulose eluates, 
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Fig.3 Chromatographic resolution of DNA-dependent ATPase. 
E. coli strain W3623 (uvrD* Su) was infected with AuvrD* susQ 
(a) or àcor* susQ (b). The extracts were prepared from ~3 g of 
the infected cells and processed as described elsewhere’. Fraction 
Il was applied to a phosphocellulose column (0.66 cm) and 
eluted with a linear gradient of 0.04-0.6M NaCl in 0.02 M 
potassium phosphate buffer (pH 7.2). DNA-dependent ATPase 
activity was determined using 5 ul of each fraction. The reaction 
mixture (75 yl final volume) contained 50 mM Tris-HCl (pH 7.5), 
20 mM 2-mercaptoethanol, 2 mM MgCh, 1 mM [y-" P]ATP (1x 
10° counts min’), 15 yg bovine serum albumin, and 7.5 nmol of 
heat-denatured calf thymus DNA. Incubation time, 20 min. A 
peak fraction (no. 19) of each sample was used for further analysis 
(see Fig. 4). 
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Fig. 4 Analysis of DNA-dependent ATPase fractions by SDS- 

polyacrylamide gel electrophoresis. Enzyme fractions (14 pl) from 

huvrD*-infected (a) and AcorA*-infected (b) cells were applied 

to 10% SDS-polyacrylamide gels and electrophoresed at 20 mA 

for 3h. The gels were stained with Coomassie brilliant blue and 

scanned using a densitometer. Electrophoresis was from right to 
left. An arrow indicates the 75,000-MW polypeptide. 


The enzyme fractions were further analysed by SDS-poly- 
acrylamide gel electrophoresis. Figure 4 shows the patterns of 
proteins present in each of the peak fractions. In the AuverD* 
sample there was a large distinct band corresponding to the 
75,000-MW protein whereas only a small band was observed 
at the corresponding position of the AcorA* sample, although 
the sizes of the other bands were almost the same for both 
samples. The ratio of the amounts of the 7 5,000-MW protein 
for the two samples was 12:1, very similar to that of the 
activities of the two samples. 

_ These results suggest that the uvrD gene encodes a 75,000- 
MW protein which possesses a DNA-dependent ATPase 
activity. As this protein is similar in both size and chromato- 
graphic properties to DNA-dependent ATPase I>”, it is poss- 
ible that the uvrD protein may be identical to DNA-dependent 
ATPase I. Recently, Richet et al.’ isolated mutants that are 
defective in DNA-dependent ATPase I. Although they have 
correlated the mutations neither to certain phenotypes nor to 
a specific chromosomal locus, it is possible that the mutations 
might occur in the uvrD gene. 

E. coli possesses several enzymes capable of unwinding DNA 
at the expense of ATP +5777, and such enzymes may have 
vital roles in DNA replication, recombination and repair. 
Evidence has been presented that one of the enzymes, DNA 
helicase II, may be identical to DNA-dependent ATPase I”. 
Thus, it would be of interest to determine whether the uvrD 
protein possesses DNA unwinding activity. Studies on this are 
now in progress. 

We thank Dr Yoshikazu Nakamura for sending us bacterial 
and bacteriophage strains and providing instruction in the 
method of protein labelling. This work was supported in part 
by Scientific and Cancer Research Grants from the Ministry of 
Education, Science and Culture of Japan. 
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In interphase nuclei and metaphase chromosomes, eukaryotic 
chromosomal DNA is arranged in negatively supercoiled loops 
whose length averages several tens of kilobases (kb). Supercoil- 
ing indicates that the loops are tenaciously bound at both ends 
through the periodic attachment of DNA to a non-histone 
protein structural support, termed the nuclear matrix, skeleton 
or cage in interphase nuclei and the scaffold in metaphase 
chromosomes’ °. The looped organization has been envisaged 
to be important in DNA replication”’*"*""** and transcrip- 
tion?*?*, We report here a close relationship between average 
loop length and replicon size in different animal and plant 
species. Autoradiographic experiments support the hypothesis 
that DNA synthesis occurs at fixed sites on the nuclear 
matrix’*”°, We also describe a modification of the looped 
organization occurring during early embryonic development in 
Xenopus laevis. 

We have investigated the supercoiled loop organization of 
erythrocytes (Fig. 1) and cultured cells (not shown) from X. 
laevis using the fluorescence halo technique'’. Cells were 
treated with the non-ionic detergent NP40, dehistonized in 


2 M NaCl containing various amounts of ethidium bromide or 
acridine orange and observed under the fluorescence micro- 


scope. The intercalation of either dye causes the dehistonized 
loops to form a DNase-sensitive and RNase-resistant fluores- 
cence halo around the nuclear skeleton (Fig. 1b, d). The halo’s 
radius (15 um maximum) exhibits a characteristic ‘breathing’ 
in response to varying dye concentrations and prolonged UV 
irradiation (see Fig. 1 legend and refs 11, 23), thus supporting 
conclusions from different systems’ "7 that DNA is arranged 
in independent negatively supercoiled loops. Assuming that the 
largest fluorescence halo corresponds to completely unwound 
and extended DNA loops, then its radius gives a rough estimate 
of the average loop size (2X15 pm or ~90 kilobases in X. 
laevis). 

We next investigated the relationship between the nuclear 
matrix, supercoiled loops and DNA replication in cultured X, 
laevis kidney cells using the fluorescence halo technique cou- 
pled with autoradiography. Asynchronous cells grown in 
monolayer on microscope slides were *H-thymidine-pulsed for 
2 min. The cells were then treated in situ for maximal halo 
expansion and autoradiographed. After 2 min labelling, radio- 
activity covers almost exclusively the nuclear matrix (Fig. 2a). 
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Fig. 1 Fluorescence micrograph of X. laevis erythrocyte nuclei. Freshly 
prepared blood smears were dipped for 30 s in ice-cold NP40 buffer (0.5% 
NP40, 10mM Mel, O.5.mM CaCl, ImM phenylmethyisalphonyl 
fluoride, 50 mM Tris-HCI pH 7.5), stained with 5 ng mi! ethidium bromide 
(a) or Sug ml”? acridine Orange (c) and observed under the fluorescence 
microscope. When the dyes were dissolved in high-salt buffer {2 M NaCl, 
0.2 mM MgCl, 10 mM Tris-HC] pH 7.5) at the same concentration a distinct 
fluorescence halo appeared (4, ethidium bromide; d, acridine orange). The 
halo radius (from the edge of the nuclear matrix to the edge of the halo) 
was measured using a micrometer eyepiece during the first few seconds 
following UV illumination. The radius reaches its maximum, ~ 15 am, when 


the fluorochrome concentration is ~5 wg ml” >: the lower or the higher the- 


dye concentration, the smaller the halo (data not shown). However, at every 
dye concentration the maximal radius is attained following prolonged UV 
irradiation under the fluorescence microscope. These observations indicate 
that, with increasing dye concentrations, DNA loops are progressively 
unwound from a negatively supercoiled to a relaxed state and eventually 
forced into a positively supercoiled condition; whereas—independently 
from dye concentration—nicks introduced in the DNA by prolonged UV 
exposure remove the topological constraints thus lifting the maximal 
halott, Scale bar, 45 ym. 


Fig. 2 Autoradioradiograms of X. 
laevis kidney culture cells pulsed with 
*H-thymidine and treated for maximal 
halo expansion. The fibroblast clone 
used stems from an established cell line 
(from Dr M. Cianfriglia, Siena). Cells 
were cultured in Eagle’s minimal essen- 
tial medium H,O (100:40), supple- 
mented with 10% fetal calf serum, at 
26°C under 5% CO,. Asynchronous 
cells growing in monolayer on micro- 
scope sides were pulsed with 
20pCimi"' *H-thymidine (42 Cim- 
mol”'; Amersham) for 2 (a), 10 (b), 30 
(¢) and 60 min or, in pulse-chase experi- 
ments (not shown), for 2 min followed 
by 0, 8, 28, 58 min chases with a 100- 
fold excess cold thymidine. The slides 
were then sequentially dipped in ice- 
cold distilled water for a few seconds, 
ice-cold NP40 buffer for ~30 s followed 
by 100ugml~' ethidium bromide in 
high-salt buffer (see Fig. 1 legend) for 
~] min and exposed to a UV lamp 
(15W, short wave) at a distance 
(~Sem} and for a time sufficient for 
maximal halo expansion. After briefly 
rinsing with distilled water the slides 
were air dried and autoradiographed 
using Kodak NTB 2 undiluted 
autoradiographic emulsion. Exposure 
time was varied to obtain a roughly 
comparable grain density. Smoothed 
contours of several labelled areas, and 
of several unlabelled nuclear matrixes, were traced on enlarged prints of 
the autoradiograms, and assimilated to a circumference, using a Tektronix 
4956 digitizer coupled to a 4051 desk top computer. Mean radius fin um} 
of the labelled areas +s.d, (number of measurements): 2 min pulse, 13.04 
0.85 (27); 10min pulse, 17.241.8 (30): 30 min pulse, 26.341.9 (25). 
60 min pulse, 27.64 1.4 (29). Radius of the unlabelled nuclear matrix: 
12.1409 4m (30). Average expansion rate of the labelled area: 
0.47 wm min`’. Arrows point to unlabelled nuclear matrixes. Scale bar, 
25 wm. 


















Considering that the cells were in asynchronous growth 4 
active replicons were thus in all phases of replication, ih 
observation suggests—in agreement with other investigatior 
on different biological systems?!!!*?°?3__that in X. laev 
DNA synthesis occurs at fixed sites on the nuclear matrix. 
Nevertheless, the possibility that newly synthesized DNA binds 
nonspecifically to the nuclear matrix duririg extraction cannot 
be ruled out. Following 10 and 30 min pulses, the radioactivity 
distributes on a progressively wider area, which extends beyond 
the nuclear matrix (Fig. 24,c). The radioactive area expands 
at a rate of ~0.47 um min“ (see Fig. 2 legend), in agreement 
with estimates of fork movement rate from DNA fibre 
autoradiography’. Almost identical results were obtained in 
pulse-chase experiments (data not shown) in which the 
expansion rate of the radioactive area was ~0.43 wm min`. 
Taking account of the bidirectionality of DNA replication and 
the average loop size in X. laevis, one loop would be predicted 
to be duplicated in ~30 min; hence pulses longer than 30 min 
should not result in a further increase of the labelled area. This 
was confirmed after 60 min labelling, since there was no sub- 
stantial difference in the size of the labelled area compared 
with after 30 min, 

The expansion of radioactivity on the halo with increasing 
pulse length suggests that replicating DNA loops are reeled 
through matrix-bound replication complexes, as proposed by 
Pardoll et al.’°°°. On this interpretation, a relationship between 
the average loop size and the average replicon length would 
be predicted. We have chosen several animal and plant species 
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Fig.3 Relationship between maximum fluorescence halo radius (MFHR) 
and average replicon size (av. RS). MFHR was determined by treating 
blood smears, cultured cells grown on microscope slides or isolated nuclei 
with ice-cold NP40 buffer and staining with 100 ug mi~ ethidium bromide 
in high-salt buffer (see Fig. 1 legend). Maximal fluorescence halo expansion 
was induced by prolonged (=2 min) UV irradiation under the fluorescence 
microscope and measured using a micrometer eyepiece, Mean MFRH values 
ün pam)ts.d. (number of measurements) are given below. MFHR data for 
P. polycephalum and mouse and all av. RS values (in wm determined by 
DNA fibre autoradiography) are taken from the literature. P. polycephalum: 
av. RS, 9°*; MFHR 2.5-37*, Drosophila melanogaster: av. RS, on Schneider 
2 cultured cells, 13.677; MFHR, on GM 2 cultured cells (gift of Dr R. 
Caneva, Centro Acidi Nucleici, Rome) 6.0+ 0.8 (25). Chinese hamster: av. 
RS, on BI4FAF28 cultured cells, 307°: MFHR, on CHEF 125 cultured 
cells (grown in Eagle's minimal essential medium at 37 °C under 5% CO), 
6.1 +0.7 (31). X. laevis: av. RS, on A6 cultured cells, 57.5%, MFHR, on 
kidney cultured cells (see Fig. 2 legend), 14.043.2 (19). Pisum sativum: 
av. RS, on cells from root tip meristems, 54.7%; MFHR, on nuclei from 
root tips (isolation procedure as described in Fig. 4 legend) 14.8+ 1.5 (25), 
Gallus domesticus: av. RS, on embryonic primary cell culture, 63°°; MFHR, 
on freshly prepared blood smear, 14.14 1.7 (15). Mouse: av. RS, on L929 
cultured cells, 45.4°°; MFHR, on 3T3 cultured cells, 15"!. Triturus cristatus: 
av. RS, on liver primary cell culture, 188°'; MFHR, on freshly prepared 
blood smear, 53.74 4.2 (24). The 2C DNA contents in pg (ref. from which 
value is taken) for the various species examined are the following, P. 
polycephalum (@), (—), D. melanogaster (*), 0.352°: Chinese hamster 
CI), 8.3°°: T. cristatus (A), 46.5%). X, laevis (A), 6.0%; P. sativum (O), 
11.7%; G. domesticus (@) 2.8%; mouse (MM) 13.8%. 
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Fig.4 Maximum fluorescence halo radius in different developmental stages 
of X. laevis. Ovulation and mating were stimulated by injection of 
gonadotropic hormone into the dorsal lymph sac a few hours before mating: . 
females received 1,200 U of Pregnyl (Organon) and males 300 U. Mating 
and egg laying were allowed to occur overnight. The embryos were then 
collected, dejelled with 2.4% cysteine pH 7.5 and staged according to 
‘Nieuwkoop and Faber*’. Nuclei were isolated by gently homogenizing the 
embryos in buffer A (60 mM KCI, 15 mM NaCl, 0. 15 mM spermine, 0.5 mM 
spermidine, 15 mM 2-mercaptoethanol, 15 mM Tris-HCI pH 7.5) contain- 
ing 0.34 M sucrose. One volume of ice-cold NP40 buffer (see Fig. 1 legend) 
was then added and the homogenate was centrifuged (~ 1,000g at 4°C for 
10 min) on a 1.37 M sucrase cushion in buffer A. the pellet was resuspended 
in a small volume of 20 mM EDTA, 10 mM Tris-HCI pH 7.5. A droplet 
of this suspension was diluted, directly on microscope slides, in an excess 
volume of 100 pg mi’ ethidium bromide in high-salt buffer (see Fig. 1 
legend) and covered with a coverslip. Maximum fluorescence halo radii 
were measured under the fluorescence microscope, using a micrometer 
eyepiece, after prolonged (#2 min) UV illumination. Blood smears were 
treated for maximal fluorescence halo expansion as described in Fig. 3 
legend. Mean values (in pm) +s.d. (number of measurements): blastula 
(stage 8-9), 9.44 2.4 (83); gastrula (stage 10-11), 10.3+3.3 (145); neurula 
(stage 13-14) 13,54 3.0 (107); (adult blood) 14.5 + 2.6 (49). The observa- 
tion of fluorescent haloes on embryonic nuclei in suspension is quite difficult, 
as the DNA haloes, compared with those from blood smears or cells growing 
attached to glass surfaces (Fig. 3), can be easily distorted or destroyed by 
sudden currents or air bubbles in the liquid sheet between the microscope 
slide and the coverslip. 


(Fig. 3) whose replicon sizes are known from DNA fibre 
autoradiography. The maximum halo radius seems to be species 
specific, varying from 2.5 um (Physarum polycephalum) to 
53.7 wm (Triturus cristatus), and is only roughly proportional 
to 2C DNA content (DNA content/diploid nucleus). On the 
other hand the halo radius (loop size) is directly proportional 
to the average replicon length, which strongly supports a general 
relationship between supercoiled loop structure and DNA repli- 
cation. 

It is of interest to speculate how DNA loops might be related 
to replication. A preliminary condition must be the existence 
of two adjacent matrix-bound replication complexes per rep- 
licon, in order to reconcile fixed replication sites with the 
bidirectionality of synthesis. As a further development of pre- 
vious models”'*!?°22° we propose that each replicon might 
actually correspond to two adjacent loops and be duplicated 
by the reeling of the DNA through a couple of matrix-bound 
replication complexes, alternate anchorage sites of the DNA 
to the nuclear matrix behaving as origins and termini of replica- 
tion. Once a new nuclear matrix is assembled—whenever this 
happens with respect to the S phase—one of the two newly 
replicated origins, and one of the two termini, would remain 
bound to the old matrix while the other would bind to the 
newly assembled one. This, admittedly speculative, view was 
drawn from the data in Fig. 3. The average replicon length in 
all the species explored is roughly four times the maximum 
fluorescence halo radius, that is, twice the size of a DNA loop. 
Although the replicon lengths and halo radii are only approxi- 
mations, our interpretation is appealing because it suggests how 
the whole chromosome structure can be faithfully reproduced 
at each cell cycle and how daughter DNA strands orderly 
segregate at mitosis. 


tC 
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An intriguing facet of DNA replication in multicellular organ- 
isms is the brevity of the $ phase in early, compared with later, 
development. As the rate of fork movement is constant, the 
variation has been explained on the basis that during pregas- 
trular stages, compared with later ones, the origins of replication. 


are synchronously activated and the replicon size is smaller”, 

To check further the proposed correspondence between rep- 
licons and supercoiled loops we have determined the maximum 
halo radius in embryonic cells from X. laevis at pre- and 
post-gastrular stages. The maximum halo size in blastulae 
averages 9 um (Fig. 4). A significant proportion of gastrula- 
stage nuclei are able to develop haloes of 10-15 pm, and at 
the tail bud stage, most of the dehistonized nuclei have 10- 
15 pm haloes. These results are consistent with the reduced 
replicon size in pregastrular stages’ and further support a 
relationship between supercoiled loops and replication units’’. 
They suggest that structural rearrangement of the chromosome 
occurs during gastrulation, when the embryonic genome enters 
a phase of active gene expression. However, the intrinsic limita- 
tions of the technique used here (see Fig. 4 legend) require that 
this structural transition be confirmed by different experimental 
approaches. It is nonetheless tempting to envisage such a transi- 
tion in gastrula as of crucial importance in establishing novel 
patterns of supercoiled loop domains representing both replica- 
tion and transcription units. 
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and Mr L. Lascari for technical assistance. This work was 
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BOOK REVIEWS 






WHEN two nimble minds combine in the 
effort to produce a book designed, accord- 
ing to the preface, ‘‘to provoke, disturb 
and befuddle its readers” 
succeeding in this not obviously laudable 
enterprise must be high. Had Hofstadter 
and Dennett added to their aims amuse, 
disappoint and frustrate they would have 
encompassed the whole universe of possi- 
ble readers’ reactions to this particular 
book and their success, measured by their 
own standards, would have been total. 

The themes addressed in the book con- 
cern eternal questions that have preoccu- 
pied great and not so great minds since the 
dawn of history: the nature of self, of 
consciousness, of reality, the body—mind 
problem, free will, the relation of mechan- 
ism to meaning. Every conceivable ap- 
proach to these issues has in the past been 
adopted with conviction by some; none has 
withstood critical examination by others. 
All of them, however, whether based on 
religion, philosophy or science fulfil a 
major function: they enable their 
adherents to engage in a bootstrap oper- 
ation, pulling themselves out of the 
inevitable ignorance about the ultimate 
why and wherefore. Once this operation is 
performed they can proceed to tackle 
answerable questions or develop consistent 
world views. 

The debate about fundamental assump- 
tions has in recent years gained new 
impetus through the development of com- 
puters and of artificial intelligence (AD; 
both play a dominant part in the book 
under review. The issues raised are, how- 
ever, also tackled by other means without 
recourse to modern technology or to the 
spreading enthusiasm for AI. This variety 
of approaches is the result of the peculiar 
conception of this book, Hofstadter and 
Dennett have here reprinted pieces by 20 
different authors, each of whom is known 
as a science fiction writer or a philosopher 
or a scientist or a literary figure. If one did 
not know their names it would be hard to 
classify them, for many write with 
remarkable ease in several of these idioms. 
Every contribution is followed by some 
reflections on it by one or both of the 
‘‘composers’’ of this volume. These 
original contributions form less than a 
quarter of the text. 

Many, though not all of the reprinted 
pieces are amusing and relevant to the 
major issues. My favourite science fiction 
writer, philosopher and scientist, Stanislav 
Lem, is represented by several pieces, out- 
standing among them Non Serviam, where 
his man-made creatures agonize about 
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theii origin and the qualities of their 
creator; agonize because the very essence 
of their being precludes the possibility of 
discovering answers. 

The philosopher Dennett in his excur- 
sion into science fiction raises the fantasy 
of a disembodied brain kept functioning 
while connected to an empty cranium by 
radio links, thus directing a human body 
hundreds of miles away. In his reflections 
on his own story Dennett nightly says that 
the story ‘‘not only isn’t true... but 
couldn’t be true’’ (p.230) and is truly 
‘outrageous’ (p.231). On p.5, however, 
he commits himself differently by insisting 
that everything that is imaginable is hence 
possible in principle; befuddling with a 
vengeance and disturbing in raising the 
possibility of brain transplants. 

Richard Dawkins in an excerpt from The 
Selfish Gene is at his well-known reduc- 
tionist best, but he admits that the 
evolution of subjective consciousness is 
‘the most profound mystery facing 
modern biology” (p.141). Thomas Nagel’s 
question, “What is it like to be a Bat?’’, 
prompts an interesting discussion of the 
gap between subjective experience and 
objective fact and the not-unexpected 
answer that it is hard to know. 

In his reflection on this contribution 
Hofstadter, who has so brilliantly demon- 
strated his ability to discuss profound 
problems playfully and with wit in his 
Prelude... Ant Fugue (reprinted in this 
volume), here lets himself down by raising 
some 50 rather silly questions, of which 
“What is is like to be Chopin’s brother [he 
had none]?’’ is a typical example. Nagel’s 
question posed the problem; 50 variations 
do not make it clearer. To be sure, he 
follows this with other reflections, some of 
them interesting, but less coherent than 
Nagel’s argument. 

Computer simulation and Al appear in 
many original and reprinted contributions; 
they are confronted head-on in John 
Searle's “Minds, Brains and Programs”’ 
and in the following reflections. This sharp 
and prolonged controversy forms the frus- 
trating highlight of the book. Searle dis- 
tinguishes the cautious claim of Al — that 
it is a powerful tool for the study of the 
mind — from the strong claim 
that computers given the right programs can be 


literally said to understand . .. the programs 
are not mere tools... to test psychological. 
explanations; rather... themsels 

nations [p.353]. Es 










This claim provokes him to a sistant | ee 
the gist of which is to ee 
insist on the difference between simulation 


counter-argument, 


and identity, based on the impossibility of 
separating mind from brain. Intentionality 
is a biological phenomenon . . 
suppose that we could produce milk and sugar 
by running a computer simulation of the formal 
sequences in lactation and photosynthesis, but 
where the mind is concerned many ase are 
willing to beheve in such a miracle... [p.372]. 


In their reflections on Searle, Hofstadter 
and Dennett say unequivocally ‘“‘our 
position is quite opposed to Searle's” 
(p.373) but they do not proceed to face the 
issues straight on. By implication rather 
than direct statement they seem. to support 
the strong claims of Al, though they admit 


that present technology has not yet estab- oo | 
lished the identity of programmed intelli- EAE 


gence and human intelligence. “Minds: 
may come to exist in programmed 
machines. . -° (p.382). 

We shall all have to wait and see. Any- 
body who wishes to confront the un- 
answerable will enjoy this book; those who 
struggle with answerable questions will 
brush it aside. 
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THe title of this book makes it seem like 
some tawdry imitation of Nigel Calder’s 
Violent Universe. Perhaps some editor 
with an eye on sales can be blamed for such 
a blatancy, which does disservice to a 








excellent and uncompromising book on 


modern astrophysical theory and dis- 
covery. Not just inapt, the ntle seems 
quaintly passé: ‘‘violence’’ as a cosmic 
metaphor seems to have faded with the 
early 1970s. And who now remembers the 
‘‘majestic’’ universe, before it became 
violent? 
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Ahe universe through which Narlikar 
ads us is more rational than violent. Its 
Yhenomena can be discovered, explored 
and understood by careful analysis. 
Moreover, the facts and their analysis can 
be laid open to the scrutiny of the non- 
specialist reader, 

Precision and economy of expression 
characterize the narrative as H takes the 
reader through prerequisite discussions of 
Newtonian gravitation (and its successful 
celestial mechanics) to Einstein’s theory of 
gravitation, and then to quite a sophis- 
ticated discussion of the formation of 
black holes and the laws of black-hole 
physics. The emphasis then waxes 
astrophysical for a few chapters: stellar 
evolution, supernovae, neutron stars. By 
now the reader is ready for pulsars, binary 
X-ray sources, accretion disks, X-ray 
bursters, and then a chapter on active 
galaxies and quasars. The material is 
extremely up-to-date. 

Finally, there are two chapters on 
cosmology. The first is a clear (if 
conventional) summary of the big bang, 
synthesis of the chemical elements, its 
observed echo in the cosmic microwave 
background. The second, unfortunately, is 
on the author’s own alternative theory, one 
favoured by virtually no other practising 
cosmologist. The author is absolutely fair 
im introducing this chapter as a ‘‘non- 
standard” and ‘‘minority”’’ view; but one is 
left wondering why he did not apply the 
same rigorous standard to this chapter as to 
the previous ones, and delete it in toto (an 
action which the reader should take on his 
own). 

Several stylistic features set this book 
apart from the myriad other popular and 
semi-popular books on “‘black holes and 
all that stuff”: its richness of factual detail; 
the implicit sophistication in its 
presentation of the scientific process, the 
interplay of observation with theoretical 
hypothesis; its uncompromisingly literate 
and numerate prose. Algebraic formulae 
are used freely; the reader is assumed to be 
comfortable with the use of symbols and 
numbers to represent physical quantities. 
Further, a sane, methodical organization 
pervades the whole book. A typical 
subchapter begins with a question, such as 
“Does the X-ray source Cygnus X-I 
contain a black hole?’’. Observational 
facts are then concisely presented, before 
the author proceeds to discuss the bearing 
of each of the facts in turn on the question 
posed. | 

Probably too sophisticated for a lowest- 
common-denominator ‘‘popular’’ 
audience, this book can be recommended 
strongly to anyone with at least an 
undergraduate degree in any scientific 
subject who wants a precise narrative 
presentation of the excitement of modern 
astrophysical discovery — and no danger 
of being talked-down to! E 
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With the decision to build a Large 
Electron—Positron storage ring at CERN, 
the LEP project, a large part of future 
European activity in high energy physics 
became invested in the study of electron- 
positron interactions. Already, a 
tremendous wealth of results has been 
collected from the e*e colliding ring 
machines at Stanford (SLAC) and 
Hamburg (DESY); the LEP project will 
further extend our ability to investigate the 
intriguing phenomena thus revealed. 

Professor Renard’s book on the basics 
of electron—positron collisions therefore 
comes at a particularly appropriate time. 
Many students and experimentalists wish 
to familiarize themselves with calculations 
which, over and over again, crop up in the 
analysis of such collisions. The book 
should be a good self-teaching guide for 
that purpose. The author surveys all the 
standard cases in great detail, giving both 
explicit formulae and enough of the 
intermediate steps for their derivation ab 
initio, while always being meticulous with 
notation. However, in his gallic approach 
he has a tendency to start with the most 
general case, discussing only later simpler 
particular cases, when the beginner might 
have found the reverse more helpful. The 
presentation is nevertheless clear enough to 
enable the reader to skip the general 
sections easily and go directly to the 
specific examples. 

Reading this book, and making the 
effort to derive the many formulae given, 
should prove a very worthwhile investment 
of time for the dedicated student with some 
background in relativistic quantum 
mechanics. The numerous formulae which 
it contains will also make it useful to the 
experimentalist writing a Monte Carlo 
program to assess the response of a 
detector to expected reactions, To that 
extent, the book certainly meets a need. 

This said, I should add that the 
newcomer to the field might feel frustrated 
at the paucity of figures, when the wealth 
of experimental results is such that 
calculated distributions and concepts such 
as jet structure could have been beautifully 
illustrated. The surprising absence of 
graphs or tables is also a serious drawback 
for the reader wishing to assess which 
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kinematical configurations are the most 
appropriate for the observation of any 
particular process. For that reason it is 
difficult to recommend the book as a 
reference text; it is pitched, perhaps, too 
much at the computational Jevel when one 
could have wished for a more global 
phenomenological approach. Also, while 
the scope is quite exhaustive, some sections 
should be considered merely as brief 
introductions to particular areas which 
have come into bloom only recently; this 
applies especially to the account of 
quarkonia and jets. 

The book thus falls short of providing a 
balanced, critical survey of research on 
electron—positron collisions. It should, 
however, definitely be considered as a 
useful tool for the dedicated physicist 
entering this active and exciting field. 17 
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Photosynthesis. Proceedings of the Fifth 
International Photosynthesis Congress. 
Edited by G. Akoyunoglou. Six volumes, 
pp.5,322 excluding indexes. ISBN 0-86689- 
012-2. (Balaban International Science 
Services: 1982.) $499. Single volumes also 
available. Distributors ISS, S. Pomerantz, 
2242 Mt Carmel Ave., Glenside, PA 19038; 
ISS, Couwenhoven 62-49, 3703 HN Zeist, 
The Netherlands. 








nay 


I MUST Start this review with two 
admissions: first | am an author of a very 
small part of the books under consider- 
ation, and secondly | have not read very 
much of them. However, probably neither 
is a serious disability. Almost anyone who 
might review them is an author, and it is 
highly unlikely that anyone will ever read 
the entire work. It has 5,322 pages, plus 69 
pages of index repeated in each volume, at 
least 10 million words, and weighs nearly 
9 kg. It contains 650 papers written by 850 
authors ranging from Abdourakhmanov, 
LA., to Zurrer, H., who achieve author- 
ship of between } and 13 papers each. 
Enough statistics. The books contain the 
proceedings of a very successful conference 
held in Halkidiki, in Greece, late in 1980 
(see Nature 289, 122; 1981). They appear 18 
months after the meeting and the question 
must be, was their publication necessary or 
worthwhile? The papers are unreviewed 
and cover a very wide range of subjects 
from the biophysical studies of light 
absorption in the picosecond time range, 








through biochemical work on CO, 
fixation, genetic analysis of chloroplast 
DNA, to physiological ecology. The wide 
range of subjects is of course a problem for 
the organizers of the triennial photo- 
synthesis conference, but on balance it is 
probably a good thing for researchers at the 
extremes of photosynthesis research to 
have the chance to hear each other every so 
often. However they are unlikely, having 
listened to the talks, to read them again two 
years later. This is admitted by the editor, 
who has packaged the volumes into 
Specialist areas for separate sale: the 
intention does not, then, seem to be to 
spread a wider view of the world. 

Do the books contain much important 
information which is not available 
elsewhere? They certainly provide a total 
view of photosynthesis since so many 
people attended and dutifully handed in 
their manuscripts. Much of the work 
described is of course first class, but even 
for the best only an outline is provided in 
the space allocated. For major laboratories 
a few touches on the world randomizer 
overcame copyright problems, while for 
lesser mortals the opportunity to unload all 
that important work that the refereed 
journals didn’t understand was not to be 
missed. It is really very unlikely that these 
volumes contain anything of major 
scientific importance which has not been 
published previously: indeed, the smart 
conferee knows better than to mention 
anything not already in press with a 
““good”’ journal. l 

Why then did the organizing committee 
publish the books, and why did the authors 
bother to submit their papers? The latter 
question is perhaps easier to explain. 
Invited speakers no doubt feel some duty to 
meet the organizers’ requirements, while 
few of us can resist a ‘‘free”’ publication, 
although surely everyone who is supposed 
to be impressed by publication lists auto- 
matically discounts proceedings of this 
type. Why the organizers should want to 
record the proceedings in full is rather 
harder to understand. There is surely little 
money to be had from them and an 
enormous amount of work must have gone 
into their production. At the Fourth 
Congress in this series, held in England, no 
such book was produced, and I do not 
believe it was seriously missed. It is to be 
hoped that the organizers of the Sixth 
Conference next year will show similar 
restraint. 

Who might buy one or all of these 
books? Libraries, for student use? — 
review volumes and textbooks are a far 
better buy. Research laboratories? — 
refereed journals offer virtually all the 
useful information. A souvenir of an 
excellent conference? — a case of ouzo and 
a set of pornographic coasters would be 
more fun. No! These volumes are really 
only for the man who has everything. 
Se ee a EE AC eae ey OL EE Re 
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Philosopher at the bedside 





W.F. Bynum 
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0-691-08297-9. (Princeton University 
Press: 1982.) $19.50, £14.50. 
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BRILLAT-Savarin’s Philosopher in the 
Kitchen showed long ago that every human 
activity — even cooking and eating — is 
enhanced by due philosophical reflection. 
Lester King’s philosopher has moved to the 
bedside where, malgré lui, he juggles 
philosophical concepts when examining his 
patient, making a diagnosis or prescribing 
a course of therapy. In using words such as 
sign, symptom, syndrome, health, disease, 
normal, pathological, cause, and effect, 
any doctor engages in language possessing 
a philosophical dimension. The quality of 
his medical thinking will be reflected in the 
precision and consistency with which he 
employs these and similar words. The 
purpose of King’s book is to sharpen that 
thinking by the historical and philoso- 
phical glosses he provides on this central 
core of medical concepts. It is, King 
asserts, the kind of book he wishes he had 
had when he began medical school more 
than half a century ago. 

King’s credentials are impressive. After 
spending 30 years as a pathologist he 
became a senior editor of the Journal of the 


American Medical Association, a position — 


which permitted him to devote a good deal 
of time to medical history. His historical 
researches have ranged widely, but he is a 
particular student of seventeenth- and 
eighteenth-century medicine. Those who 
have followed his earlier work will have noted 
its increasing philosophical preoccupation; 
they will also be familiar with many of the 
doctors — Daniel Sennert (1572-1637), 
Thomas Sydenham (1624-1689), Hermann 
Boerhaave (1668-1738), William Cullen 
(1710-1790) — who people the present 
volume. Throughout, there is a mixture of 
historical and contemporary material, as 
King seeks to identify certain constant 
features in the interactions between doctors 
and their suffering patients. 

King’s central theme may be baldly 
stated: there has always been good medical 
thinking, as well as bad, even though 
medicine’s conceptual framework and the 
amount and quality of medical infor- 
mation available to a doctor have changed 
dramatically over time (and particularly in 
the past century or so). In one of the best 
chapters of the book, King illustrates this 
constancy in the midst of change by 
showing how the diagnosis of pulmonary 
phthisis evolved from the seventeenth to 
the late nineteenth century with the gradual 
abandonment of Greek humoralism, 
development of the tissue concept, 
invention of the stethoscope, increased use 
of microscopes and cell theory, and the 
emergence of bacteriology. The change in 
name from phthisis to tuberculosis was 







part of this process, but pulmonary 
phthisis was not simply the old name for- 
separate 






(1843-1910), nor does the fact that Koch Bese 


worked with ‘our’ tuberculosis mean a- 
priori that he was a better thinker than- 
Morton. Good medical thinking is” 
reflective, critical, and consistent, but is. 
also historically contingent. 

The other chapters of King’s book are 
arranged primarily around those concepts 
intrinsic to medical diagnosis. He examines 
the historical relationships between signs 


and symptoms, between conceptsofhealth = 


and of disease, between the ‘clinical entity’ 
and the ‘disease entity’, between disease 
classification (nosology) and medical 
knowledge. He has useful things to say on 
all these and other topics, but some readers 
may find that three characteristics limit the 
book’s scope. First, it is an extremely 


personal statement. Many of his references = 


to the secondary literature are to his own 
earlier writings, and even when citing other 
work of direct relevance to his topic — for 
instance A.R. Feinstein’s Clinical 
Judgment (Williams & Wilkins, 1967) or F. 
Kraéup! Taylor’s The Concepts of Iliness, 
Disease and Morbus (Cambridge 
University Press, 1979) — he makes little 
attempt to place his own position within its 
contemporary context. While this gives 
King’s book a greater internal coherence, it 
also unnecessarily isolates it, 

More important, perhaps, is the 
relatively narrow perspective of disease 
which King espouses. He is aware of the 


cultural relativity of disease categories 
(Chinese women with bound feet are e 
diseased by Western standards), and ofthe 


aesthetic judgements which enter 
definitions of health (straight teeth are 
‘healthier’ than crooked ones). But King’s 
own concept of disease is essentially lesion- _ 
orientated. Thus, there is nothing on the 
notion of mental disease, or of ‘functional’: 
illness, or psychosomatic medicine. These 
softer edges of contemporary medicine are 
important dimensions of current debate 
and deserve explicit treatment in a book 
which is designed to sharpen medical 
thinking. 

Finally, King’s philosophy of history has 
a surprisingly thin social base. Despite his 
wise injunctions to us to view historical 
characters historically, he fails to put | 
Sydenham or Cullen in any concrete social © 
milieu. Even epidemiology gets short 
shrift, an unfortunate omission in two 
otherwise perceptive chapters on historical 






















F contemporary concepts of disease 
r sation. It would seem from King’s 
alysis that medicine has its own internal 
Ampetus for change, whereas most 
historians would place more emphasis on 
social and professional factors. 

‘These lacunae in King’s book by no 
_. means negate its value. It is a work which 





repays ere reading, ni not akei fo or the 
way it laments sloppy medical thinking i in 
any age, our own included. 





W.F. Bynum isat the Wellcome Institute for the 
History af Medicine, London, and a co-editor 
of the Dictionary of the History of Science 
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- Unity in diversity — or how to choose 


-your animal 
R.B. Moreton 


Membrane Physiology of In vertebrates. 
Edited by Ronald B. Podesta. Pp.664. 
ISBN 0-8247-1503-9. (Dekker: 1982.) 
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IN THE animal kingdom, invertebrates not 
only outnumber the vertebrates to an 
unimaginable extent, but also present a 
fascinating diversity of form and function, 
combined with a surprising unity of basic 
mechanisms. To those of us who study a 
specific tissue in depth this provides an 
opportunity to pick those animals where 
the particular. tissue is especially large, 
simple or well-developed. Thus, as every 
physiologist knows, the squid has a giant 
axon, the sea-urchin lays eggs, the crayfish 
has a stretch-receptor, and so on. This 
theme is developed by the late P.C. 
Caldwell in the introduction to this book, 
and it runs through the entire volume 
despite efforts by some authors to collect 
more general information: invertebrate 
physiology is just like that. 

Membrane Physiology of Invertebrates 
is a collection of essays by specialist 
authors, arranged roughly in order of 
complexity of the organisms covered. It 
begins with an outline of our disappoint- 
ingly sketchy understanding of how 
Amoeba feeds, and a detailed analysis of 
the electrophysiology of the ‘‘slipper 
microbe” Paramecium, whose genetic 
variations have been exploited to study 
particular membrane functions in 
isolation. 

A chapter on coelenterates (jellyfish and 
hydroids) provides interesting examples of 
specialized intercellular junctions, and of 
the way in which development, for example 
the growth of new ‘“‘heads’’, is controlled 
by cellular secretions. Intercellular junc- 
tions are still more important in the 
helminths, dealt with in the next contri- 
bution, where whole sheets of cells can be 
fused to form the body-wall. Annelids are 
covered in chapters on epithelial transport 
(osmoregulation, digestion and excretion) 
and excitble cells. The former presents 
a mainly qualitative study of ‘‘what 
happens where’’; the latter begins with a 
rather confusing attempt to compare the 
properties of nerve cells in leech and earth- 
worm with those of other groups, but gets 
into its stride with quantitative modelling 


of the giant axon of Myxicola, Crustacea 
are treated similarly, with a detailed and 
well-illustrated chapter on the gastro- 
intestinal tract, and a good summary of the 
diverse types of nerve cells and sensory 
organs that have been studied, including a 
brief section on barnacle photoreceptors. 
A chapter by G.A. Gerencser on molluscan 
digestion presents mainly the author’s own 
work, but refers to other reviews on osmo- 
regulation and transport across the body- 
wall. The much larger pool of knowledge 
on molluscan nerve cells is covered, 
inevitably rather selectively, by F.E. 
Dudek, who concentrates on gastropods — 
perhaps enough has been written about the 
squid axon for the time being! Dudek does 
include neuromodulators and neuropep- 
tides, however, usefully integrating this 
relatively new topic with more conven- 
tional ideas on synaptic transmission. 
Insects are represented by a contribution 
on gut physiology by W.R. Harvey, which 
includes an exposition of the thermo- 
dynamics of active transport systems, and 
by a neat summary of the properties of 
insect muscle, written by F.M. Ashcroft. 
There is no chapter on insect nerve cells, 
perhaps due to lack of space to treat this 
large subject properly. The book ends, un- 
expectedly, with a short chapter on the 
echinoderms, dealing mainly with the 
interesting electrical and chemical events 
accompanying fertilization of the egg. 
This is not a book for the novice: most of 
the material is detailed and technical, with 
a fair amount of theory. Rather, it gives a 
comprehensive view ‘over the fence” for 
the specialist in transport or excitable tissue 
physiology, or for the researcher seeking to 
enter a new field. The title is misleading, in 
that much of the material relates to whole 
epithelia rather than membranes as such. 
But asa summary of our current knowledge 
of epithelial transport and excitable tissue 
physiology, right accross the invertebrate 
kingdom, the book is about as up-to-date 
as can be expected given the inevitable pub- 
lication delays. Certainly, it should Sy in 
every library. La 
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CHEMISTS have always had a fundamental 
interest in the shapes of molecules and in 
evaluating the reasons for the adoption of a 
particular geometry. There are two 
theoretical approaches to such problems: 
the minimization of non-bonded re- 
pulsions and molecular orbital calcula- 
tions. In this book, Professor Kepert uses 
simple repulsion theory to evaluate the 
various geometries of the metal 
coordination spheres of inorganic 
complexes in which one central metal atom 
is surrounded by 4-12 donor atoms. 

The author takes each coordination 
number in turn and calculates the potential 
energy surface, allowing for possible 
combinations of unidentate and muhi- 
dentate ligands. The theoretical results are 
then compared to the observed structural 
data provided by X-ray analysis. The 
enormous amount of structural 
information is thoroughly assimilated and 
well organized. There is excellent 
agreement between theory and experi- 
mental data, and in all the book amply 
demonstrates the validity of the repulsion 
approach to stereochemistry. 

Kepert’s work has undoubtedly been a 
major contribution to our understanding of 
molecular geometry. However it does not 
seem to have had much impact on the way 
in which chemists look at molecular 
geometry. There are probably two main 
reasons for this. First, the parameters used 
for the potential energy curves are often 
not simple to calculate; structural chemists 
prefer to analyse geometry on the basis of 
bond lengths, bond angles and ô angles and 
find Kepert’s parameters unnecessarily 
complicated. Secondly, he does not 
compare his results with those obtained by 
other methods. To take just one example, 
many people find that 6 angles are useful 
structural parameters but they are not 
mentioned here. Nor indeed are the results 
of molecular orbital calculations. 

It is this single-mindedness that is both 
the strength and weakness of the Kepert 
approach: whilst the book is self- 
contained, it is not intended to provide a 
balanced view of current ideas on 
stereochemistry. 

It is certainly useful to have Kepert’s 
work brought together in one volume. 
However the book follows closely a series 
of reviews written for Progress in Inorganic 
Chemistry over the past few years, and 
those who have the previous articles may 
well find this present volume of limited 
additional] value. : 


ISBN 3-540-10716-9; 
1982.) 
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With the best will in the world, it will be hard for Europeans to 
be charitable about last week’s special cabinet meeting called by 
President Reagan to help him decide whether United States 
farmers should continue to sell bulk cereals to the Soviet Union 
when present arrangements run out in September. Naturally, 
there will be much sympathy for Mr Reagan’s dilemma. By 
denying it access to the Middle West, he could cause the Soviet 
Union a great deal of inconvenience (the need to shop around for 
other grain), physical discomfort (hunger) and even occasional 
starvation while establishing the powerful political point that 
United States farmers are more efficient than their Soviet 
counterparts. He would also provide the Soviet Union with a 
reminder that the de facto occupation of Afghanistan still 
rankles. These are great prizes, not lightly to be dismissed. But 
unfortunately for Mr Reagan, there is another millstone pressing 
on him — the unwillingness of farmers in the Middle West to 
sacrifice their occupations and their holdings by becoming 
bankrupt (more common already in the past twelve months than 
for several decades) in the cause of talking toughly to the Soviet 
Union. Politicians in most places will be full of fellow-feeling for 
the president. Especially because this is a mid-term election year 
(and because a decision must be made before polling day) they will 
weep with him as he sacrifices principles on the altar of prudence 
and renews the Soviet grain agreement for just one more year. But 
suropean politicians, no less given to calculations of how to 
quare beliefs with the ballot box, will be asking why their 
icknowledgement of President Reagan’s difficulty is not 
‘eciprocated in the matter of the natural gas pipeline between the 
soviet Union and Western Europe. 

That issue is more important than anybody in Washington 
‘eems to understand. (Mr George Shultz has made tactful noises, 
ut is too new in his job as Secretary of State to be persuasive.) So 
ar, three countries in Western Europe (France, Switzerland and 
West Germany) have committed themselves as customers for 
soviet gas, and have agreed to make credits available for the 
‘onstruction cost of this gigantic project. (This in itself is not 
inusual; when did it most recently occur that Westinghouse, 
Jeneral Electric or Babcock-Wilcox built a nuclear power station 
n the hope of being able to sell the electricity production to some 
tility?) Sensibly enough, the countries concerned have done their 
vest to ensure that they will not have to pay out too much (in the 
orm of convertible currency) in advance by securing Soviet 
greement to buy in much of the advanced equipment that will be 
eded. Washington has for the past six months been doing 
verything it can to ensure that such agreements will not be 
ulfilled — and that the Soviet Union will have to look to other 
uppliers or even make the equipment for itself. Since the summit 
neeting a few weeks ago at the palace of Versailles, the 
overnments of Western Europe have been bubbling with 
esentment at President Reagan’s Administration’s ruling on this 
juestion. How can one government tell commercial corporations 
sgally registered under another’s laws that they should renege on 
rhat is otherwise a binding contract? 

Western Europe’s sin, on President Reagan’s view, goes even 
eeper — its willingness to pay out convertible currency year after 
ear in return for natural gas that may serve to keep its people 
rarm and its industries in business but which wil! have the side- 
ffect of helping the Soviet Union to pay its bills and will make 
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Who sells to the Sovi 


The Reagan Administration will probably decide to extend the grain agreement with the sae Union 5 
for a year. Can it then insist that West European governments should not buy gas from the East. - 























Western Europe strategically dependent on the East. for a 
substantial part of its energy consumption, When Washington 
first woke up to the problems of the pipeline project eighteen 
months ago, it was principally alarmed at the prospectof strategic. 
dependence, now mercifully seen in a less clear light. The present 
concern seems principally to deplore any arrangement that wil- 
make it less likely that the Soviet Union will cease to function = 
overnight, and which may even offer it some assurance of an En 
income-stream for thirty years or so. The long-term nature of thé o 
pipeline agreement is admittedly a more solemn undertaking than. 
the one-year extension of the grain agreement that Washington. = 
now contemplates, but Western Europe could presumably 9. 
repudiate its inital investment in the pipeline if the going became 
rough (or the price of gas too high). President Reagan is probably 
under-estimating the friendliness of his friends in Western Europe 
(one disservice) and is certainly bullying them too much by his 
complaints about the pipeline (another). 

All this is especially disconcerting at a time when the Reagan 
Administration is in the box of having to talk to the Soviet Union, 
most days at Geneva, about the future of strategic arms. That 
contradiction is awkward and not easily avoided. Washington > 
needs a Moscow willing to talk about strategic arms, but properly = 
insists on its right to be huffy about Afghanistan and other 
transgressions. It wishes that it could also afford the luxury — all 
those farming votes — of standing firm on principle. Detente, the 
saying seems to be, is from time to time an expedient necessity, 
Western Europe, on the other hand, with no choice but that of 
being within a few minutes (by Intermediate Range Ballistic — 
Missile) from the border, believes and behaves differently. 
Interdependence is a fact of life, but does not preclude the sudden 
breakdown of coexistence. The wisdom of the pipeline deal, in 
other words, is judged by relatively short-term criteria: for a half- 
continent whose separate existence could be quickly ended, long- 
term economic deals (lasting, say, thirty years) count for less than 
longer-term cultural connections — the sense of deprivation: 
springing from people’s inability to visit European cities such as 
Prague, Warsaw or even Leningrad when they choose. 


Muddle about universities __ 
The British government only seems to threaten 


university autonomy, but the precedent is bad. 
Is the independence of the British university system, — 
traditionally assured by the existence of the University Grants 
Committee as an intermediary between the government and the 
universities, now threatened? This is the obvious question pro- 
voked by last week’s open letter to the committee from Sir Keith 
Joseph, the Secretary of State for Education and Science in the 
British government. For the letter, described as the first exchange 
in a ‘‘dialogue’’ between the government and the universities, 
finishes with the declaration that, in the development of British © 
higher education and of the universities in particular, ‘‘there will 
be some strategic decisions for which it would be appropriate for ` 
ministers to take explicit responsibility and to answer in- 
Parliament’’. After more than two years of abysmal relations 
between the government and the universities that it supports, 
beginning with the decision in the summer of 1979- t 
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sympat , th the serine fi concern that, as things are, the 
recruitment of “young able people” into the university system is 
virtually impossible. The letter even acknowledges that the grants 
committee has acted sensibly in revising some of the targets for 
student numbers at particular universities in the light of some 
special pleading, even though these decisions will marginally 
- shade the government’s insistence that student numbers should be 
. fixed from on high. How, it may be asked, can such a reasonable 
minister have malign intentions towards the independence of the 
system? 
-On the evidence of the minister’s letter, part of the trouble is 
-= Simply that the British government remains in a muddle about 
~~ higher education. Student numbers are a good illustration. The 
most illiberal feature of the present university contraction is that 
- -each British university has been given a ceiling for the number of 
-students from the United Kingdom and European Community 
- countries it can have on its books in 1983-84. The result, since 
_ most numbers are reductions, is that much educational plant will 
- . -beless than fully used and that universities will not be able to work 
‘their way out of financial trouble by doing their jobs more 
< efficiently. (The threat that if they take in more than their allotted 
< quota of students they will be penalized financially has not been 
_ withdrawn even though the grants committee did not repeat it in 
>c othe letters sent to individual universities in May.) Yet this 
offensive system, and the uncertainties that go with it, arises 
_.. simply from the government’s fear that if the universities exceed 
_. their quotas, the cost will be increased of maintenance awards to 
students, paid by local authorities but then laid off on the central 
government. Is it really beyond the wit of a government anxious to 
play a more active part in the planning of higher education to 
devise some different system of subsidizing students, one that 
would combine the legitimate objective of controlling the total 
“cost with flexibility on numbers? 
zoo The Joseph letter is also muddled about the relationship 
“between the universities and the higher education institutions 
-Formally supported (but with funds from the central government) 
-+ by local authorities, chiefly the polytechnics. The coexistence of 
>- these two kinds of institutions in what is called the ‘‘binary 
` system” is strictly a political matter, for the polytechnics were 
tablished (in the 1960s) because of the then government’s 
conviction that there was a need for a more down to earth system 
f higher education than the universities chose to provide. The 
xperiment has been only a patchy success but, to its credit, the 
esent government has been trying since before Sir Keith 
Joseph’s time at the Department of Education and Science to 
wrest full control of the polytechnics away from the local 
authorities. Indeed, there is now a National Advisory Body for 
ie polytechnics in England, and there may soon be one for those 
Wales. The Joseph letter now asks that the grants committee 
andi its counterpart committee for the polytechnics should consult 
with each other and that, as well as working out schemes for 
yllaboration between individual universities and polytechnics, 
y should also help to define the relationship between the two 
sectors of higher education. The objective is sensible and should 
have been sought a long time ago. But the issue, eminently 
_ politicalas itis, must in the long run be settled by the government. 
What the Joseph letter says about the support of university 
research is more alarming. The letter applauds the grants com- 








































approve of the Prina that there should be ‘selectivity of 
funding” not merely by the research councils that provide project 
grants for university research but also by the grants committee, 
which is responsible for supporting a ‘“‘basic level of research 
activity”. What, suspicious minds will ask, is the minister 
approving? A decision, not yet taken, that in future there will be 
two kinds of universities — those equipped for research and those 
which are not? The Merrison committee rightly argued that 
British universities are less deliberate than they should be in using 
the grants committee’s general subvention for research, and 
acknowledged that even if the job were done intelligently, some 
university departments would be able to mount research pro- 
grammes only in collaboration with others. But the Merrison 
committee also rejected the principle of a close correlation 
between research support provided by the grants committee and 
the research councils, for that would only undermine the dual 
support system as a whole. 

The fear that the Department of Education and Science does 
not properly understand the system of higher education in whose 
management it now seeks a more decisive role is the worry under- 
lying the declaration that in future ministers must take more 
responsibility for it. Higher education may be too important to be 
left to academics, but the British government hardly seems their 
natural successor. By all accounts, the present intention is merely 
that Sir Keith Joseph should from time to time give the grants 
committee general guidance about its sense of where priorities lie. 
The difficulty is that the government’s sense of priorities is 
unlikely to make academic sense. The present concern is somehow 
to shape higher education so as to contribute to national 
prosperity, a question with which university systems elsewhere 
than in Britain have wrestled for decades, but without much 
success. The danger is that from frustration, ministers will slip 
into the habit of making their priorities particular, issuing edicts 
such as ‘‘Let there be more engineers!’’, “Let there be more 
computer engineers!” or even ‘‘Let there be more computer 
engineers training on British equipment!’’ Sir Keith Joseph 
himself may be aware of the dangers. But once the precedent of 
intervention has been established, his successors will be provided 
with countless opportunities for foolish interference. 


Pity the luckless British 


Great wars are said to bring out the best in people. 
Small wars appear to reveal the worst. 





Who would have predicted that a mere month after a famous .... 


victory in the Falklands, the British government would be deeply 
embarrassed by a concatenation of domestic blunders — the false 
assumption that it would be able to comply with its bargain with 
its opponents when it won consent to send an amphibious force to 
the South Atlantic by mounting a Parliamentary enquiry on its 
own terms of reference? the discovery that an intruder could 
climb into Buckingham Palace and sit on the Queen’s bed for ten 
minutes before being apprehended? and the growing likelihood 
that there has been another monumental breach of national 
security at one of the most technically advanced intelligence 
centres in the world? The British legend, especially common since | 


the Second World War, is that the British are good at fighting = 


(and even winning) wars but less endowed with flair in times of 
peace. The truth is different, as the events of the past few months 
have shown all too clearly. Most probably, the Parliamentary 


enquiry will show that the Falklands war was unnecessary, if not Pa 
the consequence of a poor appraisal of intelligence then of =~ 


indolence. Much the same is likely to be the case of the other 
conspicuous failures of public administration in the past few 
weeks. But who, or what, is to blame? The simple answer is the 
Civil Service, and its perennial pride in its technical innocence. 
The charge that this is so has been made repeatedly, and most 
governments have agreed that it is correct. When will one of them 
do something? 
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General to be 
appointed as 
new director 


Washington 

-= General Lew Allen Jr, who recently 
retired as chief of staff of the US Air Force, 
is reported to be the leading candidate for 
the directorship of the Jet Propulsion Lab- 
oratory (JPL), managed on behalf of the 
National Aeronautics and Space 
Administration (NASA) by the California 
Institute of Technology (Caltech). 
announcement of the appointment is 
expected in the next few weeks. 

The selection of General Allen would 
intensify the concern of some scientists at 
Caltech and JPL over the growing military 
role of the laboratory. Last year, the 
Caltech faculty and NASA agreed that up 
to 30 per cent of the laboratory’s operating 
funds might come from Department of 
Defense (DoD) research contracts. Before 
that, the laboratory had refused to do 
classified research, under a policy laid 
down by Dr Bruce Murray (who ceased to 
be.director of JPL on 1 July). The decline 
in NASA funding prompted Dr Murray to 
seek a change in that policy. 

Dr Marvin Goldberger, president of 





Caltech, maintains that neither that change’ 


nor the appointment of General Allen — 
who he says is a ‘‘serious candidate’’ — will 
affect JPL’s fundamental character. “We 
have every intention that JPL shall have its 
primary objectives in the civilian space 
programme. I can assure you that General 
Allen’s view is coincident with this view.” 

A JPL scientist involved in the selection 
process pointed out that Allen has a strong 
technical and management background. 
He holds a PhD in physics from the 
University of Illinois, and worked at Los 
Alamos from 1954 to 1957. Allen directed 
the Air Force space programme from 1965 
to 1972. 

Allen declined to comment on the report 
that he is the principal candidate for the 
JPL position, and would say only that any 
announcement would come from JPL. But 
JPL officials are clearly worried about 
reaction to the appointment of General 
Allen, both within the Caltech-JPL 
community and outside it. Similar worries 
prompted the laboratory to adopt a tacit 
policy of not carrying out weapons 
research and development even with the 
lifting. of the prohibition on classified 
work. The laboratory also made clear that 
it would not:do “secret work secretly’? — 
hat is, it would only accept such classified 
projects as it could at least announce its 
participation in. 

Dr Goldberger stresses, too, that work 
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for DoD is subject to scrutiny by a faculty 
committee which reviews its “propriety” 
and its effect on the ‘‘overall mission of the 
laboratory’’. He also insists ‘‘classified 
work will not jeopardize access to the lab- 
oratory by Caltech faculty and students’’. 

Dr Arden Albee, JPL’s chief scientist, 
agrees that these precautions are enough to 


"I KNOW THE PAY'S Goob— 
IT'S THE NEW LAB-COATS 
| BONY LIKE." 





ensure that JPL remains fundamentally a 
NASA laboratory. ‘Certainly it’s some- 
thing we have to worry about, but my own 
feeling is it’s not going to cause a significant 
change in the character of the place’’, he 
said. 

JPL’s principal function within NASA is 


France ponders 


France has done no microbiology for 20 
years, has few people who understand 
fermentation or fungi and has never 
developed food processing technology. 
This wild exaggeration is the opinion of a 
francophile British biotechnologist 
sketching the problems facing France in his 
field. Now, however, a fairy godmother 
has waved her wand: the ministry of 
research and industry in Paris has 
published a vast programme for 
biotechnology, to stretch over three years 
and cost the government FF 600 million 
(about £50 million). Will she get Cinderella 
to the ball? 

It depends in part on what the report says 
in a large section marked ‘‘Secret and 
Confidential’, which has not been 
published but which describes the actions 
to be taken by the ministry in concert with 
industry. And it depends on whether 
France can create enough microbiologists, 
whose star fell faster and further in France 
than elsewhere when molecular biology 
turned to the eukaryotic genome. The 
University of Strasbourg, for example, was 
granted a new professorship in micro- 
biology last year, with emphasis on 
biotechnology; it has been unable to fill it, 


biotechnology 






































































responsibility is shared 
and Langley laboratori es, alth 
the “lead centre’. © = 0007 
At present, “about 8. or 3 
JPL’s support comes 
contracts, according to D 
are mostly ‘‘small techno 
involving simulation, se 7 
veillance. The only large proj act 
autonomous spacecraft project wh 
arose from the Voyager spacecraft work 
and is of some interest to the Air Force. 
Nor does Dr Albee see any new threats 1 
the scientific mission of JPL from its 
creased involvement in DoD- projects: 
“NASA has always been a development — 
agency; science got done on its periphery. 
That’s as dangerous to science as DoD pro- 
jects.” He also points out that more: 
research is supported by DoD on the — 
Caltech campus than at JPL. | ae 
We have to put it in perspective,” he 
said. ‘‘DoD is a major part of the budget. 
NASA is a small part.” z 
JPL’s current budget is $321 million; the : 
laboratory employs a full-time staff of 
4,620. The proposed budget for 1983. is 
$330 million, which represents a cut in real 
terms. According to Dr Arden Albee th 
most telling indicator of falling NA 
support is that the laboratory has ni 
started on a new planetary mission for 
almost 10 years. Stephen Budiansky ; 








said a spokesman, with anyone withevena > 
smattering of French. Eey 

The ministry’s three-year programme 
promises to tackle the problem in part- _ 
nership with the universities and the 
grandes écoles. And the Centre Nationalde 
la Recherche Scientifique (CNRS), which 
supports much of the most advanced 
biology in France, plans to help double the 
number of French microbiologists. . : 

Meanwhile, several important centres of a 
biotechnology will now enjoy increasec 
support. At Toulouse, for example, there. 
are three laboratories grouped to form a. 
kind of “transfer centre” between research. 
and industry, directed by Professor Jean- 
Pierre Zaltar (a specialist in gene 
expression). At Marseilles, there is a 
laboratory for bacterial microbiology, 
which will be expanded next year with the- 
help of Orsay biochemist Jean-Claude : 
Patte. At Cadarache, there is a new. 
laboratory for biomass studies run by. 
CNRS in conjuction with the oil company 
Elf Aquitaine and the Commissariat à 
l’Energie Atomique. At Compiégne ther 
is the University of Technology with | 
Daniel Thomas specializing in el 
technology; in Paris, the Institut Pas 
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er than’ ten recommendations for 
RA, thë agricultural research body. 
ven Professor Roger Monnier, director of 
“sciences at CNRS, believes plant 
ience must receive the most attention. 
-Over biotechnology as a whole, the 
sport considers France to be weakest in 
ioengineering — in the kinetics of growth 
and production, in techniques of culture of 
-o= cco microorganisms and cells, in enzymology, 
in reactor design, in extraction and 
> purification and in the provision of 
-analytical control equipment. France also 
_. -osuffers because of an ‘excessive compart- 
- mentalization and specialization of 
disciplines, research organizations and 
industries” says the report. But it ends ona 
strong note: now more than ever, France 
must support fundamental research, which 
is ‘‘the unique source of the 
unpredictable’’. Robert Walgate 





“British Telecom 


~ Roll up! 


The British government is embarking on 
the most significant phase in its plans to 
liberalize the telecommunications in- 
dustry. Mr Patrick Jenkin, Secretary of 
State for Industry, said this week that he 

will be introducing legislation in November 
sto sell off British Telecom (BT), the state- 
owned telecommunications monopoly. 
The subsequent sale of shares will be the 
“Jargest single issue on the London market 
and maybe the world’’. 

<=> The sale of British Telecom has been 
widely forecast. Earlier in the year it was 
suggested that the government was con- 
‘sidering privatization to avoid acting as 
guarantor for the company’s borrowings. 
This week, Mr Jenkin confirmed this. But 
the government clearly hopes that British 
Telecom will be able to keep down its 
customer charges, which have recently 
_risen above the cost of services, simply to 
-finance 90 per cent of the annual £2,200 

C million investment programme. 
< The proposal to sell British Telecom goes 
beyond measures earlier this year to 
_ fiberalize British telecommunications. Last 
. . October, the government passed legislation 
~~ allowing private companies to supply 
equipment | for attachment to the network 
an competition with British Telecom. 
‘Equipment is still awaiting approval. 
-Earlier this year, the Mercury Consortium, 
a group of three private companies, was 
licensed to operate a new tele- 
“communications network in competition 
with British Telecom. And shortly, Mr 
feed _ Jenkin promises a general licence 
permitting the use of BT and Mercury 
networks by suppliers of value-added or 
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aliow the sale of up to 51 per cent of the 
shares to the public. As soon as half the 
shares have been sold, the government will 
relinquish its control, allowing the 
company to borrow from shareholders and 
private markets. British Telecom’s present 
status as a licensing authority will be 
transferred to the industry secretary acting 
through a newly-created Office of 
Telecommunications. Regulations — 
balancing the interests of those involved in 
the supply and use of telecommunication 
services — will be controlled by the new 
office. Licences to operate services will be 
issued, according to Mr Jenkin, only to 
those companies willing to fulfil their 
public duties by, for example, supplying 
uneconomic services to rural areas. 

No doubt still smarting from the 
embarrassment of under-estimating the 
share price of Amersham International, 
sold off earlier this year, Mr Jenkin is as yet 
unwilling to hazard a guess at the value of 
British Telecom or the shares that will be on 
sale. Neither does he seem in any hurry to 
push the sale through. The legislation can 
be expected to be enacted by the end of next 
year, he says. But the sale of shares is not 
scheduled before the next election, which 
must occur before May 1984. The present 
government is clearly confident that it will 
have another termtorun. 

Judy Redfearn 


Britain’s nuclear power 


PWRs hit snag 


Mr Ron Anthony, recently appointed 
Chief Inspector of Nuclear Installations in 
Britain, wants to be counted on the side of 
the angels. Last week his Nuclear Instal- 
lations Inspectorate (NII) published a 
report critical of several aspects of the 
“preconstruction safety report” for a 
British version of the Westinghouse pres- 
surized water reactor (PWR), thus con- 
founding environmentalists’ fears that NII 
is in the pocket of the nuclear industry. 

“As far as we’re concerned, no-one 
could go too far in the matter of safety” 
said Mr Anthony last week, stressing that 
assessment of the Central Electricity Gen- 
erating Board (CEGB)’s design would be 
continuous right up to the moment of 
operation. Next January, there will be a 
planning inquiry on the PWR, but even if 
the inquiry favoured the reactor, NII 
would still have the right to refuse a licence. 

Is this unexpected opponent causing 
shudders in the nuclear industry? Not yet. 
Mr Anthony’s inspectoral bark is judged to 
be worse than his bite. The director of 
CEGB, Sir Walter Marshall — nuclear 
physicist and passionate advocate of the 
PWR — said he was delighted that NII had 
flexed its muscles, while at the same time 
giving CEGB a pass mark on all the diffi- 
cult issues (such as containment vessel 





ublic limited c company yand “i 
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designi is ‘ ‘achievable”, i and that CEGB bas 
only to satisfy NII on certain points. 

These are many, and include ‘‘human 
factors’’ now known to have played a great 
part in the Three Mile Island accident. ‘‘In 
the preconstruction safety report [for the 
British PWR] there is only brief mention of 
the role of the operator in testing and main- 
tenance, operating procedures, operator 
training, the control room and operator 
response to faults’’ says the NII report. 
“The various sections give little indication 
of intent to design and operate on good 
ergonomic principles.” NH is not unduly 
worried, however: CEGB is considering 
the problem, the inspectorate says, and NII 
will have evidence of the CEGB conclusion 
before a licence is granted. 

More substantial, in NII eyes, are five 
concluding points gathered together as 
“not yet satisfactory”. These are: 

@ Hazards presented by fire, earthquake 
and aircraft crash. 

© ‘‘Ballooning’’ of the fuel cladding. 

@ Steam generator tube integrity. 

@ The automatic reactor protection 
system, which is a completely new design. 
@ CEGB’s software models of fault 
development. 

The report also says that the possible 
consequences of severe accidents will be the 
subject of a separate CEGB submission 
and NII report. 


Of all these, Sir Walter Marshall is most 
worried about ballooning of the fuel 
cladding, a phenomenon discovered by UK 
Atomic Energy Authority researchers, Sir 
Walter’s former colleagues. The problem is 
that uranium fuel rods necessarily contain 
a small amount of helium and that if the 
surrounding coolant pressure suddenly 
drops, this gas can balloon out of the clad- 
ding and close off coolant flow completely. 
For this to happen, the cladding ductility 
—- and hence fuel-rod temperature — has 
to be just right, and the pressure must not 
fall too fast (otherwise the cladding simply 
bursts, allowing coolant past the ragged 
edges). The combination of conditions is 
unlikely, but it requires only a small loss- 
of-coolant accident, said Sir Walter. 
Experiments are under way in Canada to 
measure precisely the conditions in which 
ballooning occurs, but Sir Walter “‘stakes 
his reputation” in predicting that the 
phenomenon will prove to be no sub- 
stantial obstacle to reactor safety. 

The automatic reactor protection system 
is the other, more- substantial, doubt. 
Relying on modern r electronics and 
computer control, this” “system would 
handle major faults for 30 minutes before | 
an operator was allowed to touch the © 
controls. NII has no objection to the 
principle, but remains to be satisfied that it 
will work. That will require six years of 
software analysis and testing, said Sir 
Walter last week. He will set up a team of 
10-20 specialists to do the job. 

Robert Walgate 
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Whales’ Waterloo 


Science, it seems, has once again 
failed the sperm whale. Among other 
issues, the annual meeting of the Inter- 
national Whaling Commission (IWC), 
which convenes this week in Brighton, 
must decide on sperm whale catch 
limits. Quite how it will do so is not at all 
clear. The Scientific Committee of 
IWC, which met two weeks before the 
main commission, has, as last year, 
failed to make a recommendation. 
Indecision continues to cast a cloud 
over the sperm whale. At a special 
meeting in March (Nature 1 April, 
p.383) the Scientific Committee, using 
the computer model developed by the 
International Institute of Environment 
and Development (IED) and suppor- 
ted by all but the Japanese scientists, 
estimated the number of exploitable 
whales at around 200,000. The analysis 
indicated that even with a zero catch, 
stocks would continue to decline. The 
Japanese presented their own computer 
model and pushed for a minimum quota 
of 890. A decision on catch limits was 
deferred to this week’s annual meeting. 
The recent meeting of the Scientific 
Committee produced a few surprises. A 
majority of the committee agreed that 
the IIED model estimate of population 
size had been too optimistic and that the 
population continues to decline. The 
Japanese did not re-present their earlier 
model but put forward a modification 
of the IED model indicating that 
earlier population estimates were low. 
In view of the Japanese dissent, the 
Scientific Committee was unable to re- 
commend a catch limit or to classify the 
stock. Because of the disagreement on 
the state of the sperm whale stock it is 
difficult to assess whether a catch of 890 
could be sustained without taking a 
serious toll on the population. The buck 
has now been firmly passed back to the 
IWC delegates. A political trade-off 
must now be made. The sperm whale is 
not the species in greatest danger of 
extinction. With the conservationist 
countries determined to stand firm and 
press for a total ban, some clever 
manoeuvring is now called for if IWC is 
to avoid even greater schism. 
Jane Wynn 

























































Badger gassing 


Ferrets stand in 


The study which earlier in the month 
precipitated the British government’s 
abandonment of the policy of gassing 
badgers appears to have provided the most 
detailed information so far of the mortality 
of ferrets exposed to hydrogen cyanide. A 
total of 177 female ferrets were exposed to 
hydrogen cyanide in the course of the 
study, but only four badgers were thus used 
because of their scarcity. 
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The issue of gassing badgers with 
cyanide has been contentious since 1975, 
when the Ministry of Agriculture, Fisheries 
and Food began gassing badgers suspected 
of being carriers of bovine tuberculosis, 
The practice was suspended towards the 
end of 1979 after complaints from con- 
servationists and wildlife organizations 
that it was unnecessary, inhumane and in- 
effectual, but resumed in October 1980 
after a report from Lord Zuckerman that 
confirmed that badgers can be reservoirs 
for bovine tuberculosis, a conclusion 
disputed by some conservationists. 

The Zuckerman report on badgers also 
pointed to the lack of experimental 
evidence of the effects of cyanide on 
badgers, when the study commissioned by 
the agriculture ministry from the Chemical 
Defence Establishment at Porton Down 
(not to be confused with the now-civil 
microbiology establishment at the same 
place). The report of that study, by 
anonymous Officials at the establishment, 
was published last week. 

The first objective of the study was to 
establish a kind of dose-response relation- 
ship for mortality among ferrets, chosen as 





experimental animals on the recommend- 
ation of Lord Zuckerman, One of the 
defects of the study is that the sample of 
ferrets (obtained from a commercial 
supplier) appeared to consist of two groups 
differing in body weight. The animals were 
exposed in groups of three to various con- 
centrations for periods of 1, 5 and 25 
minutes. Nothing is said in the report of the 
age of the animals, which had nevertheless 
been bred especially for the study. 

The exposure of ferrets is measured as 
the product of the concentration of cyanide 
in the air and the time in minutes for which 
the ferrets breathed it. The ferret part of 
the study was used so as to estimate the 
likely lethal doses for badgers, fourteen 
times heavier than ferrets on the average, 
by means of the rule that the exposure 
required to produce a specified mortality is 
proportional to (body-weight)®’. 

On this basis, the estimated exposures to 
cyanide needed to kill 90 per cent of 
badgers after times of 1, 5 and 25 minutes 
are 2,000, 5,000 and 5,500 mg min m~ 
respectively. The report says that these 
‘*crude’’ estimates are supported by the 
experiments in which four badgers were 


317 
exposed to cyanide gas. The only badger 
that died was exposed to 6,560 mg min m” 
for 17 minutes; the other three have been 
returned to the wildlife park from which 
they came. 

The government’s decision to abandon 
the use of cyanide against badgers has been 
prompted by the knowledge that concen- 
trations of cyanide in the tunnels of badger 
setts rarely approaches that needed to kill 
them within minutes, if at all. Its problem 
now is whether it can devise an alternative 
humane way of killing badgers — and do so 
quickly. Conservation interests will be able 
to exploit a prolonged hiatus in the control 
programme to reopen the question of its 
necessity. The use of carbon monoxide and 
nerve gases as alternative methods of con- 
trol was ruled out in the Zuckerman report 
as being respectively ineffectual and ‘‘too 
dangerous”. 


British academic industry 


Prize incentives 


‘We realize that we’re just a football. 
We’re here to be kicked by both sides.” 
Thus a spokesman for the British 
Technology Group (BTG) on the group’s 
present interest — the marriage of industry 
and academic science to put high tech- 
nology on the market. In its latest venture, 
an academic enterprise competition, BTG 
hopes to encourage academics to don the 
entrepreneurial cap. Last week, Patrick 
Jenkin, Secretary of State for Industry, 
handed out cheques totalling £230,000 to 
twelve winning entries. 

The academic enterprise competition, 
originally sponsored by the National 


> Research Development Corporation (now 


part of BTG), was open to science 
researchers from British institutions of 
higher education who had set up, or 
planned to set up, a business based on their 
research work. At the award ceremony, 
enthusiasm ran high. Sir Alastair 
Pilkington, chairman of the panel of five 
judges, declared ‘‘We would like to see a 
large number of academics become 
millionaires every year’’. Patrick Jenkin 
described the occasion as one of ‘‘unique 
importance”. The competition was all 
about the partnership between education 
and industry and aimed to dispel the feeling 
that ‘‘somehow for an academic to go into 
industry is disreputable’. He issued a 
warning that the government’s position 
was firmly on the sidelines. Public funds 
were but the seeds of support. 

Professor W.A. Gambling of the 
University of Southampton, whose com- 
pany York Technology Ltd took the top 
prize of £50,000, agreed that if Britain is to 
‘*seize the juicy plum’’ and commercialize 
high technology, higher education must 
play its part. But he added that the main 
occupation of the academic remains 
teaching and research. 

Although legislation has yet to be 
passed, the National Research Develop- 
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world. Last week’s competition 
least provided a market survey. BTG 
nows that there are at least 118 
ups, the number of entries in the com- 
tition, keen to set up business ventures 
ed on academic research. 
Electronics and information technology 
ninated the entries but engineering, 
edical equipment and biotechnology 
were strongly represented. More than a 
third of the entries came from research 
institutions in the south of the United 
; - Kingdom. York Technology Ltd, the 
winner, was set up in 1980 to market 
=. products for the optical communications 
industry. Its first product, a ‘“‘preform 
profiler’? which measures the refractive- 
index distribution in glass preforms from 
which long lengths of optical fibre are 
_. drawn, was invented and patented at the 
University of Southampton. So far, 
£250,000 worth of equipment has been 
~~ sold, 80 per cent as exports. 
oo ‘BTG may inject further cash, up to 
aS -£250 000, in some of the prize-winning 
-> companies. It hopes, however, that private 
_ industry will become more interested and 
> step in to bridge the investment gap. The 
-competition seems to have established that 
_.- while academics’ sights may not yet be set 
on making a million, there is no shortage of 
people willing to give ita try. Jane Wynn 
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The ‘‘synfuel fever’’ that led Congress in 
1980 to launch a 12-year, $88,000 million 
development plan seems to have lapsed 
into a synfuel coma. The US Synthetic 
Fuels Corporation, established by Con- 
gress to distribute the funds, is off to a slow 
Start — several large privately-supported 
projects have recently collapsed and the 
economic projections of the profitability 
of synfuels are becoming bleaker. 

Last week, the board of directors of the 
synfuels corporation continued at its 
measured pace, eliminating about half of 
the 35 proposals received in the second 
round of applications. The corporation has 
taken a very cautious course, so far selec- 
ting only two projects out of the first round 
and pledging to be ‘‘tough negotiators’ in 
settling on the details of the government 
support for those. Chairman Edward 
Noble has also made clear that once the 
corporation has spent the $14,600 million 
already appropriated to it, there will be no 
more funds available. 

Yet even this is more than synfuel sup- 
porters had expected from the Reagan 
Administration. According to the 
Democratic staff of the House fossil and 
synthetic fuels subcommittee, the 
Administration now appears ‘‘to support 
at least the concept’’. But John Sawhill, 
who was Secretary of Energy and, briefly, 


: [Britain is odd-man-out on 2,4,5-T 


1o The European Commission is urging 
_. | the Community’s member states to take 
| greater precautions to ensure that herbi- 
| cides containing 2,4,5-trichlorophenoxy- 
| _acetic acid (2,4,5-T) do not contaminate 
food. In a surprising move, the 
| Commission is recommending that the 
| Council of Ministers adopt a directive 
forbidding the use of 2,4,5-T on cereals 
=> | and woodlands when fruits and mush- 
<} rooms are in season and in weedkillers for 
© | domestic use. The Commission is also 
-$ recommending that the maximum per- 
| mitted level of the toxic contaminant 
+3,7,8-tetrachlorodibenzo-p-dioxin 
CDD) be reduced immediately to 0.01 
per kg of 2,4,5-T and later to 0.005 
, per kg when a method of control at 
th a low level is available. 
he Commission’s move may 
embarrass the British government, even 
though Britain, together with Belgium 
and West Germany, already operates the 
0.01 mg per kg limit for TCDD in 2,4,5-T. 
‘The British Ministry of Agriculture has 
i repeatedly ‘given 2,4,5-T a clean bill of 
health: provided that it is used as 
ecommended. The ministry’s view was 
hallenged i in 1980 by the National Union 
Agricultural and Allied Workers 
| Nt AAW). which claimed to have 
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evidence of harm to individuals who had 
been in contact with 2,4,5-T. But the 
Advisory Committee on Pesticides, 
which the ministry asked to reply, saw 
little evidence to make it change its mind. 

Thus, not surprisingly, NUAAW is 
greeting the Commission’s move with 
enthusiasm while the agriculture ministry 
is more guarded, preferring to wait for 
the Council of Ministers’ decision before 
responding to the Commission’s recom- 
mendations. 

The Commission’s decision to move on 
the side of caution is the result of a review 
conducted in 1980 by its scientific com- 
mittee for pesticides. Although that 
review found no evidence of direct harm 
from the proper use of herbicides con- 
taining 2,4,5-T, it nevertheless recom- 
mended lowering the level of TCDD in | 
2,4,5-T and greater precautions to 
minimize 2,4,5-T in food. Whether the 
Commission’s recommendations become 
binding on EEC member states will 
depend on how they are greeted by the 
Council of Ministers. Whatever the 
outcome, however, Italy, the Nether- 
lands, Denmark and West Germany will 
be unaffected. They have already banned 
use of the chemical as a herbicide. 

Judy Redfearn 


“Sorporation | is doing “othe. minimum 





possible that will keep Congress off its 
back’’. 

But critics of synfuel development say 
the industry’s real problems go deeper than 
the policies of the synfuels corporation. 
Technological uncertainty, high risks anda 
declining world price of oil are formidable 
obstacles. Earlier this year, two large 
private projects collapsed, apparently for 
these reasons. Exxon, the world’s largest 
corporation, pulled out of the Colony oil 
shale project in Colorado after the esti- 
mated construction costs doubled — to 
$6,000 million. 

The Alsands oil sands project in Alberta, 
Canada, suffered a similar fate, almost 
simultaneously, when both Shell Canada 
and Gulf Canada pulled out. And the two 
projects that the synfuels corporation has 
chosen to support — the Breckinridge oil- 
from-coal project in Kentucky and the 
Hampshire Energy gasoline-from-coal! 
project in Wyoming — are reported to be 
having trouble finding equity backers. 

An industry source said that Exxon’s 
main trouble with the Colony project was 
that artificially high oil prices had made 
what are basically ‘‘neanderthal’’ 
technologies seem attractive. 

Meanwhile, other projects are 
continuing. Union Oil is reported to be 
more than half-way to completion on its 
$2,000 million, 10,000 barrel per day shale 
project in Colorado, and work is also pro- 
gressing on the $2,100 million Great Plains 
coal-gasification plant in North Dakota. 
Exxon, in spite of the setback on the 
Colony project, is going ahead with a small 
direct coal liquefaction plant in Texas 
and a coal gasification project in the 
Netherlands. 

The industry is not dead; but neither is it 
just hibernating, as some of its supporters 
claim, waiting for the next rise in oil prices. 
The change of plan by Exxon was clearly a 
blow; as one observer put it, ‘‘it was a 
shock to everyone that Exxon couldn’t do 
everything”. 

A reevaluation of the long-term 
economics of synfuels is at the heart of the 
industry’s sickness. The draft of an Office 
of Technology Assessment study reports 
that even with the large loan guarantees 
available from the synfuels corporation, 
investment in particular projects seems 
attractive ‘‘only if current capital cost 
estimates for synfuels plants are correct 
and there are no cost overruns. Most 
industry experts, however, consider the 
chances of cost overruns to be high.” 

Some economists have also begun to | 
question the rationale behind synfuel 
development. Arthur Wright of the 
University of Connecticut doubts that even 
a credible supply of synfuels at a credible 
price would insulate the American 
economy from the effects of oil price rises. 
‘‘Synfuels might reduce imports, but not 


the source of the instability’, he says. 
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The industry’s sorry state is compoun- 
ded by Congress’s loss of enthusiasm in the 
past two years. The 1980 Energy Security 
Act, which set up the government synfuels 
projects, also authorized spending on solar 
energy and conservation. With the 
dropping of all but the synfuels portion of 
the act, the coalition of environmentalists 
and oil-industry supporters that passed the 
act has fallen apart. A new anti-synfuels 
coalition, now made up of 
environmentalists and the much larger 
body of fiscal conservatives, is trying to 
destroy government synfuels support. So 
far, this coalition has had little success, but 
the days of government support for 
synfuels are surely numbered. 

Stephen Budiansky 


High-energy physics 


Labour intensive 


They have been playing musical chairs at 
CERN, the European Centre for Nuclear 
Research near Geneva. Last week there 
were Six proposed experiments for LEP, 
the large electron-positron collider due to 
Start up at the end of 1987. Now there are 
four, after a preliminary examination of 
the proposals gave a cautious thumbs down 
to the other two*. 

But the number of physicists remains the 
Same, so that the 850 scientists involved in 
all six proposals will attempt to regroup to 
find jobs for all, in a process that CERN 
dubs ‘‘optimalization’’. Final approval of 
the arrangements will be given at a research 
board meeting in November. 

The scale of the LEP collaborations is 
thus going to be vast, far bigger than 
foreseen only two years ago. Then, the 
European Committee for Future Accelera- 
tors (ECFA), in a report on the future 
employment of physicists in Europe, 
predicted collaborations averaging only 75 
physicists on each of six LEP experiments. 
Now the figures seem likely to reach 200 on 
each of four experiments. Rutherford, 
where is you string and sealing wax now? 

Dr Jack Mulvey of the University of 
Oxford, who produced the ECFA report, 
said this week that he thought the main 
problem was going to be project manage- 
ment. But particle physicists had shown a 
remarkable ability to adapt to new 
conditions. ‘*‘We’ve realized that it takes an 
enormous effort to get these big 
experiments on the floor’’, he said, and 
that large collaborations are necessary. 

The LEP collaborations will also need to 
be big to spread costs — for this time 
CERN is not following its usual policy of 
offering about half the capital cost of the 
equipment, but will restrict itself to one- 
fifth. Since the total sum for the four 
experiments is some £75 million, the matter 
is not negligible. 

The other problem is whether there will 
*The "indicated experiments are ALEPH (spokesman Jack 
Steinberger), OPAL (Aldo Michelini), L3 (Samuel Ting) and 


DELPHI (Ugo Amaldi). ELECTRA (Roger Cashmore) and 
LOGIC (Jim Kirkby) have been put on hold, 
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be enough jobs for the 2,000 or so particle 
physicists in Europe when LEP is built. 
Mulvey thinks there will, as the ECFA 
report deemed the situation satisfactory 
with only 450 researchers at LEP. 
Although the intersecting storage rings at 
CERN will be closed down, and there will 
be less work at the Super-Proton 
Synchrotron, there will be enough to do at 
the proton-antiproton collider, at the low 
energy antiproton ring (LEAR) and at 
other European laboratories such as the 
Deutsches Elektronen-Synchrotron in 
Hamburg, the ECFA report concluded. 
Although ‘‘four experiments” sounds 
rather modest, LEP should be an excellent 
physics factory, provided that the particle 
called the neutral intermediate vector 
boson (Z°) exists. LEP is designed to be 
tunable to this resonance, which is the 
predicted mediating particle of the electro- 
weak interaction. If the resonance is not 
there, however, or if it proves difficult to 
tune to it, there will no doubt be 850 
unhappy physicists. Robert Walgate 


Franco-Soviet space flight 


Some hitches 


The visit of ‘‘spacionaute’’ Jean-Loup 
Chrétien to the Salyut-7 space station last 
month has introduced an unprecedented 
degree of candour into the reporting of 
Soviet space flights. Usually, cosmonauts’ 
post-flight press conferences gloss over 
technical hitches and report as 
‘satisfactorily accomplished” even those 
missions that were quite obviously 
curtailed. 

The Soviet planners clearly accepted that 
the presence of a Westerner would entail 
more candid reporting, and a few days 
before the launch even admitted that 
Salyut-7 suffered unexpected attitude 
changes that had had to be corrected before 
link-up. Attitude, however, continued to 
give trouble throughout the flight, both 
aboard the Soyuz-T transport craft and on 
Salyut-7 itself. 

According to Chrétien, the on-board 


Colonel Jean-Loup Chrétien (left) meets President Mitterrand at the Elysée Palace. 
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computer of Soyuz-T suddenly ceased its 
automatic plotting just as the craft was 
approaching the space station at speed. 
This left Soyuz-T in a rolling motion, from 
which the crew of three had to effect a 
manual docking. This, Chrétien later 
explained on French radio, was not a 
breakdown — but it came at a critical 
moment when the crew could not even see 
the space station. 

Orientation problems continued on 
board Salyut. The French contribution to 
the programme included high-sensitivity 
photography of the Earth’s atmosphere 
and the interplanetary environment in the 
visible and near-infrared range. Another 
experiment was to photograph very weak 
light sources, from noctilucent clouds to 
distant galaxies. Both experiments 
required both darkness and a high degree 
of stability. 

According to the crew commander, 
Vladimir Dzhanibekov, both these factors 
caused difficulty. The cosmonauts 
repeatedly lost their equipment (cameras, 
cassettes and so on) in the dark. Worse, 
flare from the thruster rockets necessary to 
maintain stability interfered with the 
lengthy exposures necessary. Dzhabenov 
said that such a possibility had never 
occurred to them before the launch. 

Similar problems seem also to have 
arisen with the various physiological 
experiments. The crew is said not to have 
been able to think them through before 
launch and therefore to have had to “‘carry 
out additional training’ in space. This 
seems remarkable — the focus of the 
medical programme, the French 
‘“‘echography’’ project, a Doppler 
measurement of blood-flow in the arteries 
leading to the brain, was intended to 
compare cadiovascular function before, 
during and after the flight. The crew should 
therefore have been familiar with the 
apparatus long before take-off. 

The apparent lack of preparation may 
perhaps be due to the international nature 
of the flight which, contrary to Soviet 
practice, tied the launch to a pre- 
announced date. Vera Rich 
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Nuclear dangers 


Sir — Nils Ove Bielsten (Nature 25 March, 
. p.284) claims on the basis of “fact” that 
_ nuclear power plants are safer than 
“hydroelectric, causing far fewer fatal 
casualties (a rather dubious claim considering 
comparative risk analysis), ‘‘not a single one 
~occurring to people outside the plants (except 
_ possibly in accidents due to construction work 
-traffic)’’. Yet again the impeccable record of 
“nuclear power is invoked and compared with 
other sources of energy. 
-is it not time to recognize and admit to the 
-dangers of the whole chain of supply of 
“nuclear fuel from mining to its eventual and 
undecided disposal? Uranium mines where 
studies have been possible, including some in 
-ithe United States, have recorded mortality 
rates between 50 and 100 per cent. 
Surrounding native American communities 
also suffer casualties with the additional 
> destruction of their environment and 
traditional livelihoods, especially painful for 
people with a traditional respect for the health 
of the Earth. I believe that it is time fora 
wider perspective to be taken on large scale 
projects such as this. Debate over social cost- 
benefit analyses, environmental impact 
- assessments and technology assessments, 
= 5 owhich are prone to value judgements, does not 
i negate their usefulness. 
~The casualties of Britain’s earlier 
plutonium/electricity plants are also becoming 
apparent and substantial sums have been paid 
-in compensation for workers’ deaths. 

The economics of nuclear plants are not 
quite as simple as Mr Bielsten would have us 
believe either. Left to the electric utilities, as 
he approves, we find that in the United States 

no new plants have been ordered for years and 
<- several have been cancelled. Plant cost 

© esealations have run up crippling debts for 

“e¢ommunities and have sent utilities to the 
federal government for help. In the United 
Kingdom, it is now suggested that Scottish 
eléctricity consumers are paying the price for 
an unnecessary plant at Torness whose claimed 
“robust economic case” rests on a possible 
four-year period when, if coal plants are 
closed early, it may be useful. Government 
and independent investigations cast some 
doubt on even this value to consumers now 
that costs, need and forecasts are at last being 
debated. 

; The writer claims that ‘‘nuclear power is the 

<- environmentally soundest way of producing 

-the energy that we cannot do without”. Yet 

the people of Sweden have voted not to build 

ur further plants beyond those already 

arted. Their closure is already decided and a 

“transition has been embarked on for a 

- programme of energy efficient development — 
ending waste to liberate extra available energy. 

Renewable energy technologies are 

- increasingly the source of new space heating 

needs and other requirements. 

-This approach, and energy efficient 

developments i in the United States, 

demonstrate the value of demand management 

asa crucial aspect of energy planning. 

BS Finally, Mr Bielsten’s reference to possible 

benefits of mutation in the population is 

worrying. If itis a serious point then further 

debate i AS necessary. 








MARTIN S. FODOR 
Milton Keynes, UK 
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Sir — Like J.A. Nicoll (Nature 10 June, 
p.450) and probably many others I have 
considered a simplified notation for physical 
quantities in terms of SI units. 

The appropriate unit is automatically 
implied by the quantity that must necessarily 
be specified. Thus the statement that a force is 
12 should denote by the absence of units that 
the SI system is employed and that the force is 
thus 12 m kg s~ or 12 N. Whenever SI is not 
utilized units must continue to be provided as 
in 0.237 tb ft min. The convenience of 
omitting units might thus speed the general 
adoption of SI. 

Prefixes (kilo etc.) are not merely clumsy 
but they conflict with a principal virtue of SI 
which is coherence. The nuisance of large or 
small numbers could of course be lessened by 
the method commonly practised in computer 
printouts where 67,000 is written as 6.7 E +4. 
However, a simpler notation might be 4;6.7 
which specifies the numbers as read from left 
to right in increasing detail. The semicolon 
indicates that the number to the left is the 
power of ten and the period between 6 and the 
7 might in time be dropped by convention. 
Such numbers are subject to rather obvious 
and simple rules in algebraic procedures. 

In this notation the speed of light is 
10;2.99776 and the electron rest mass 
~31;9.109. For the rather unusual case where a 
physical quantity has a negative value some 
further symbolism would be required. Perhaps 
one might adopt the method used by 
accountants to indicate net loss rather than net 
profit. In this case the absolute zero 
temperature on the centigrade scale would be 
(-2;2.73) C. 

Here the unit would have to be provided 
since the Kelvin scale can also be employed. 
Amongst other virtues the latter does not have 
negative values and one would have —~ œœ 50. 
Which seems a bit odd but could of course 
also be written conventionally as 0. 

Haratp H. Rossi 
Department of Radiology, 
College of Physicians and Surgeons 
of Columbia University, 
New York, USA 


German universities 


Sir — Thank you for the splendid review on 
“Science in West Germany’’, which was 
published in Nature on 27 May. There are, 
however, some additional points on the 
present situation of German universities which 
i would like to highlight. 

The statement that government support of 
science will decrease by 2 per cent in real terms 
in 1982 is not quite true for the universities. 
For instance the universities in Nordrhein- 
Westfalen are facing severe budget cuts which 
give them only 55 per cent of the 1980 budget. 
For some institutes in the natural sciences this 
is less money than they had in 1975, and 
student numbers have risen by some 50 per 
cent since; readers of Nature will know 
themselves how much they had to spend on 
lab-ware and chemicals in the meantime. 

Another point is that the measures taken to 
reform German universities are in fact cutting 
the numbers of teaching and research 
personnel at the universities. Only 50 per cent 
of the young scientists who pursued a 





university career and ‘‘habilitated’’ themselves in 
recent years are eligible for a university job in 
the new frame law-university structure. The 
Nordrhein-Westfalen measures to concentrate 
university studies especially m teacher 
training, which date from March 1982 and 
were covered in the Nature review, are said to 
last for at least 5 years in order to transform 
university jobs into jabs at the Aachen 
Klinikum; at the end of these 5 years the 
numbers of personnel in the physics and 
biology departments at Bonn University will 
have been reduced by 50 per cent. 

Since nobody is talking about student 
number reductions, please add all this up: 
what you come out with is a catastrophe. 
Already experimental work for diploma and 
doctorate theses in biology often is not 
financed by the universities, but by money 
from Deutsche Forschungsgemeinschaft 
(DFG). Although nobody likes to talk about it 
aloud, DFG funds are also being spent for 
teaching jobs and so on. Teaching is severely 
affected: at Bonn the biology department will 
have to cut lab courses by one third, the 
chemistry department is seriously thinking 
about closing down its central chemicals store. 
All this makes orderly studies and research 
impossible. The outlook for Germany’s 
universities is very, very grim. 

THOMAS SIMON 
Bonn, West Germany 


+ 4 6 
Living in the past? 
Sir — It would be unfortunate if the pungent 
style of S. Blinkhorn’s review of The 
Mismeasures of Man by S. J. Gould, (Nature 
8 April, p.506) should weaken the force of his 
criticism. Like Blinkhorn I think there is much 
to object to in this book and, for 
T. J. M. Schopf (Nature 13 May, p.98), I 
would like to document a few of its 
substantive faults. 

Although he has references as recent as 
1979, Gould ignores major studies and 
references of the 1970s relevant to the topics 
he is considering in depth. Consequently, the 
reader will not learn from Gould’s book that 
most geneticists are not biological 
determinists’’!? nor that modern studies of 
heredity of cognitive abilities do not rely ona 
single (mystical) measure of intelligence’. 

Gould devoted 83 pages to the demolition of 
nineteenth century claims for an association 
between cranial capacity and human 
intelligence and the casual reader undoubtedly 
will think that he has thoroughly covered this 
topic. But he omits a critical 1974 review of 
the subject by Van Valen’ which concludes 
that there probably really is a small positive 
correlation. Interestingly, Van Valen’s 
conclusion is also ignored by Lewontin 
(discussing the same subject) in his favourable 
review’ of Gould’s book although Van Valen 
thanks Lewontin for comments (as does Gould). 

Gould documents in great detail some 
blatant errors of the past but, by not coming 
up to the present, misleadingly implies that it 
is no different from the past. One would like 
to know why. T. Epwarp REED 
Departments of Zoology and Anthropology, 
University of Toronto, Canada 
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THE battle seems now to have been joined 
in earnest. Waving their branching 
weapons of attack, some of the cladists are 
now assaulting even the most fundamental 
roots of the systems of relationship that the 
traditional evolutionary morphologists 
-.- have developed. After the skirmish over 
“othe tetrapod-origin outpost, in which 

‘Rosenetal. (Bull. Am. Mus. nat. Hist. 167, 

“159: 1981) suggested that lungfishes rather 
than rhipidistians were closest to tetrapod 
ancestry, Gardiner has now used cladistic 
techniques to transform the whole system 
of tetrapod classification (Zool. J. Linn. 
Soc. 74, 207; 1982). 

Gardiner’s method is first to return to 
the criteria given by nineteenth century 
anatomists in their analyses of relationship 
of the major tetrapod groups. Thus he con- 
cludes that ‘‘the denial of any immediate 
relationship between the mammals and the 
other great homotherm (sic) group, the 
birds, was based on no more than three 
“characters; the form of the heart, aortic 
: arches and occipital condyle’’. These three 
characters he swiftly demolishes (in about a 
page of text), and immediately moves on to 
list a number of characteristics of homoio- 
thermy and of the central nervous system 
that appear to link mammals and birds as 
sister-groups. He relates to these two, in 
order of increasing distance, the croco- 
diles, chelonians and lepidosaurs. In all 
these discussions, palaeontology is ignored 
and only the characteristics of living 
animals are used. Into the resulting classi- 
fication, Gardiner then fits a few fossil 
groups, such as the pterosaurs (a sister- 
group of birds), dinosaurs in Owen’s 
original sense (sisters to crocodiles), the 
cynodonts (far divorced from the mam- 
mals), the dicynodonts (sister-group to the 
chelonians) and the pelycosaurs (com- 
pletely separated from the previous two 
groups). The results are so different from 
those that also incorporate palaeonto- 
logical data that a headlong collision is in- 
evitable, for there can be no minor shifting 
of viewpoints or emphasis that could lead 
to a reconciliation or synthesis. 
. Gardiner’s methods can be illustrated 

particularly well in his treatment of the 
Synapsida, the splitting of which into three 
separate groups (pelycosaurs, dicynodonts 
and cynodonts) is, to a palaeontologist, 
one of the most revolutionary aspects of his 
work. Basically, he rejects previously 


established relationships if he can quote 


other workers to the contrary and can show 
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New branches for old roots 


from Barry Cox 


that some members of any other group also 
share some of the features previously 
thought to support the accepted relation- 
ship. So ‘‘as long ago as 1926 Berg wrote 
that the mutual similarities between 
mammals and (advanced synapsids) were 
probably due to convergence’’ and 
**despite the fact that fenestrae might have 
arisen independently (as they have done 
within the Chelonia ..,. and Amphibia 

.), today’s unquestioned doctrine is that 
the Synapsida include the mammal’s 
closest relatives’’. 

Gardiner also underestimates the 
modern palaeontological evidence by res- 
tricting himself to out-dated authors; is it 
really true of the pelycosaurs that ‘*Their 
claim to Synapsid relationship apparently 
rests on Cope’s (1884) insistence on their 
closeness to mammals and the possession 
of a lateral temporal fenestra’’? Reisz, 
himself a cladist, states that ‘‘The pelyco- 
saurs, together with their descendants, 
form a natural group and possess such 
derived characters as broad anteriorly 
tilted occipital plate ... reduced post- 
temporal fenestrae, single median post- 
parietal, and septomaxilla composed of a 
broad base and a dorsal process’’ (Spec. 
Vol. Syst. Ass. 15, 553; 1980). The relation- 
ships of pelycosaurs to both dicynodonts 
and cynodonts (and also to other therapsid 
and theriodont groups) is also suggested by 
the fact that all these groups share with 
sphenacodontid pelycosaurs the synapo- 
morphic feature of a reflected lamina on 
the angular bone of the lower jaw. All, 
except the turtle-beaked dicynodonts, also 
share in having a heterodont dentition. 

The cynodonts, like some other 
advanced synapsids, show a progressive 
reduction of the post-canine dentition and 
of the post-dentary bones of the lower jaw, 
with the mammalian type of squamosal- 
dentary jaw articulation having evolved in 
a few forms, and various approaches to the 
mammalian condition in the secondary 
palate, dentition, limbs and girdles. 
Gardiner nevertheless dismisses any 
relationship between cynodonts and mam- 
mals because an examination of the British 
Museum (Natural History) specimens of 
the cynodont Thrinaxodon ‘‘failed to 





Barry Cox is a Professor in the Department of 
Zoology, King’s College, University of London, 
London WC2. 































































reveal a single mammalian 
synapomorphy” and, for example, showed 
that Thrinaxodon was not particularly. 
mammalian in its tooth-replacement and _ 
braincase. But it is such later, mid-late 
Triassic cynodonts as Probainognathus - 
and the trithelodonts that are thought tobe 
close to the origin of mammals, and these 
do show far more mammalian conditions ee 
of the teeth and braincase. me 
It seems perverse to reject these complex me 
similarities merely because our extensive — 
knowledge of the osteology of both recent 
and fossil tetrapods reveals isolated in- 
stances where temporal fenestrae have 
evolved independently (and, in any case, 
the chelonian openings that Gardiner: 
quotes are emarginations, not fenestrae). 
We have no such systematic knowledge:of |. 
the soft-part anatomy, physiology or bio- 
chemistry that make up the 17 characters 
that Gardiner lists to support his conten-.. 
tion that birds and mammals are closely 
related sister-groups. As Szalay (Am. | 
Zool. 21, 37; 1981) has commented: P- 
believe that at the very heart of the post- 
Hennigean cladistic approach to phylo- 
geny reconstruction lies the implicit neglect 
for biological and functional scrutiny of 
the characters employed. As a result of this. 
attitude the postulated homologies chosen 
(the units on which phylogenies are based) 
are not biologically investigated and there- 
fore the chances of discovering whether 
these features are unique or parallel or con- 
vergent acquisitions, or whether they. 
represent a pattern commonly attained by ~~ 
distant lineages because of epigenetic 
factors, or because they are rooted in a. 
common heritage, weakens the very foun- 
dations of such analyses. In other words, 
character analysis commonly practised in. - 
cladistics is really a semantically masqued ` 
enumeration of characters without 4 
attempts to analyse and weight them’’. >. 
Gardiner’s suggestions are so complete 
at odds with the palaeontological record 
that some of Panchen’s observations, inan 
incisive criticism of the cladistic method 
published in the same volume as Gardiner’s- 
work (Zool. J. Linn. Soc. 74, 207; 1982), 
seem particularly relevant. ‘“‘The. first: 
obvious fault of cladism in general is per- 
haps a temperamental and, one may hope, 
a temporary one. This is the temptation to 
produce new and revolutionary grouping 
of organisms, or to resurrect old and ¢ 
credited ones, just to demonstrate t 
cladism is getting results.” 
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, 40S Jand ulema are ubiquitous. In 
r scientific disciplines, random time 
ire obtained from an experiment and 
nalysed into their power spectra. Often 
nough, the irregular motion of a system 
ill have been produced by an external 
noise source. On the other hand, irregular 
motion and irregular time series may also 
be self-generated by a purely deterministic 
system, In the latter situation the term 
‘chaos’ is used and, in a state space 
. description, its dynamics are often 
~~ governed by strange-looking topological 
~~ @bjects called ‘strange attractors’. As the 
= scientific community is becoming aware of 
‘this phenomenon, observations of 
irregular behaviour that previously might 
have been ignored are attracting attention. 
The following questions then arise: given 
only the irregular time series, is it possible 
to tell whether it is due to chaos in the above 
sense, that is, does it have intrinsic 
_-. properties which allow such a decision? Isit 
> eyen possible to reconstruct the strange 
<- attractor, the ID card of the system, from 
=the time series? These questions have been 
addressed in several recent papers which 
are reviewed in this article. 
When irregularity is due to thermal 
fluctuations in physical systems, a large 








oo. T. Geisel is at the Institut fir Theoretische 
> Physik, Universität Regensburg, D-8400 
Regensburg, FRG. 


100 years ago 


~ THE NEW AFRICAN EXPEDITION 
+ itis now understood to be quite settled that a 
| new African exploring expedition will start 
“next. year. The Royal Geographical Society 
_have, as might have been expected, taken the 
‘opportunity of Mr. Joseph Thomson’s return 
| from the completion of his engagement to the 
| Sultan of Zanzibar to obtain his services as 
. } leader, and it is certain that no better selection 
| .could have been made. 

“| Mr. Thomson will leave England in the 
“| Spring of 1883, and proceed to Zanzibar to 
‘organise the expedition. From Mombas, a 
“port on the East African coast, to the north of 
“Zanzibar, he will direct his course straight to 
| Kilimandjaro, and do his best to explore the 
snowy ranges of this celebrated mountain, 
‘which but one European has as yet ever 
‘reached. Passing across the waterparting he 
will then descend through an entirely 
unknown country to the eastern shore of Lake 
Victoria Nyanza, and return to the coast by a 
more northern route, in the course of which it 
is hoped he may be able to visit Lake Baringo 
and Mount Kenia — another peak known to 
run far above the snow-level, but concerning 
i “which further details would be very desirable. 

: AS a mere geographical expedition it will be 
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number (10) of particles and degrees of 
freedom are involved, which make the 
measurements look noisy. In brownian 
motion, for example, the irregular motion 
of a heavy test particle only reflects the 
irregular dynamics of 10° molecules in the 
surrounding liquid. The terms ‘ran- 
domness’ and ‘noise’ describe such 
situations. ‘Chaos’, in contrast, is reserved 
for an irregularity that is self-generated by 
a deterministic system with few degrees of 
freedom in the absence of external 
fluctuating forces. Simple examples are 
driven anharmonic oscillators!, where the 
phase space is three dimensional, con- 
sisting of position x, velocity v and the 
phase w of the driving force. In an undriven 
damped harmonic oscillator, the motion 
would asymptotically settle down at x= 0, 
v=Q. This point is called an attractor 
because any initial condition x,, v, in a 
given area of phase space would lead to this 
point. The dimension is thereby shrinking 
from two to zero. For chaotic systems 
which are dissipative, attractors called 
strange attractors? may occur. These are 
asymptotic limit sets in phase space which 
also have lower dimension than the phase 
space and which have an additional 
property: the motion on the attractor is 
characterized by an exponential divergence 
of neighbouring states in some direction. 
This sensitive dependence on initial 
conditions is the cause for their strange 


thus seen that the proposed route will be one of 
great interest, embracing, as it does, the transit 
through much utterly unknown country, and 
the exploration of two mysterious snow- 
crowned mountains, which, according to the 
usual view of the conformation of the African 
Continent, appear to be quite out of place in 
the districts in which they are situated. But still 
more interesting problems will be solved, if 
steps are taken to investigate the unknown 
fauna and flora of Kilimandjaro and Kenia. 


GEOGRAPHICAL NOTES 

Lieut. Giraud has sailed from Marseilles for 
Zanzibar, as leader of a French expedition 
which proposes to take up African exploration 
where Livingstone laid it down with his life on 
the south shore of Lake Bangweolo. Lieut. 
Giraud proposes to go either direct west to | 
Lake Tanganyika, or, more probably, by the 
north shore of Lake Nyassa, to the Chambeze 
River. This he will follow to its outlet in Lake 
Bangweolo, which he proposes to 
circumnavigate he will then attempt, in 
canoes, to sail down the Luababa-Congo, to 
its mouth in the Atlantic Ocean. This is an 
ambitious programme; and every one 
interested in African exploration will wish the 
expedition complete success. 


From Nature 26, 304 & 309, 27 July, 1881. 





| The sénsitive dependence: and the degree of 


unpredictability are measured by a variable 
called a Lyapunov exponent. 

Strange attractors may not only occur in .. 
systems with few degrees of freedom but 
also in systems where, a priori, the 
dimension of phase space is high or 
infinite. An example is provided by 
turbulence in fluids and other systems that 
can be described by partial differential 
equations. Due to the presence of 
dissipation (damping) the motion in 
multidimensional phase space may, with 
time, settle down on a strange attractor 
which acts like a low-dimensional trap. The 
motion can then be described by a few 
variables in phase space. If the topology of 
the strange attractor is known, the . 
dynamics of the entire system is known. ` 
This explains the dominating role of low- 
dimensional strange attractors for the 
chaotic dynamics of systems that may have 
infinite dimensions. Due to the sensitive 
dependence on initial conditions, these 
attractors have a complex structure similar 
to a Cantor set. The fractal dimension** 
can be used to characterize their spatial 
organization. In contrast to the topological 
dimension, this number may be non- 
integral, reflecting the topological 
complexity. 

When an irregular time series is observed 
in an experiment one may ask whether the 
irregularity is due to chaos or to 
randomness as distinguished above. When 
little is known about the system, one can 
only hope that the time series possesses 
intrinsic properties which make this 
distinction possible. Power spectral 
analysis, which is usually applied, is of little 
help but other techniques have recently 
been proposed. They can be used to 
determine the dimension of the underlying 
dynamics and the fractal dimension of 
Strange attractors. It is even possible to | 
reconstruct the strange attractors. H 

One procedure has been proposed by the 
Santa Cruz Dynamical Systems Collective 
(J.P. Crutchfield, J.D. Farmer, N.H. 
Packard and R.S. Shaw). They propose to 
use the observed signal x(f) and its 
successive derivatives X), O, ... as 
variables spanning the subspace of phase 
space to be reconstructed®. The procedure 
has been applied successfully to a 
dynamical system due to O.E. Rossler. It 
cannot be applied when the time series is 
not detailed enough to determine the 
derivatives. Another procedure, suggested 
by D. Ruelle (personal communication), 
consists of using the signal x(/ and delayed i 
signals x(f-r)}, x(t-2r}. ... to span the ` 
phase space reconstruction. F, Takens’ has 
given a formal justification of these 
procedures in terms of the Whitney 
embedding theorem. 

Roughly speaking, the dimension is 


determined if, with increasing dimension, 


the objects produced by the motion start 
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4 regression ‘locally to fit the dita to points, 
planes or higher-dimensional hyper- 
planes’. The goodness of the fit is deter- 

by X, the sum of the squared 
ns divided by the dimension. When 

nension closest to the fractal dimen- 

š reached, x? drops sharply. In the 

$ ample of the Rössler system, a drop by a 

z factor of one million was found for the best 

. fit. Once the strange attractor has been 

reconstructed, the fractal dimension may 
be determined according to its definition’, 
Techniques to determine the fractal 
dimension and another measure of chaos, 
the topological entropy, have been des- 
cribed by F. Takens’. The relationship 

o between the fractal dimension and the 

“= Lyapunov exponents has been investigated 

` -py P. Frederickson et al.8. 

< Procedures which are able to distinguish 
“between chaos and randomness are also 
-suggested in an article by J. Guckenheimer 
published in this issue of Nature (p.358). 
These procedures are based on the assump- 
tion that randomness means unpre- 
dictability of the short-term evolution of a 
system. Chaos, on the other hand, is 
characterized by an exponential divergence 












of neighbouring states in phase space. This. 


brings about only a long-term 
= unpredictability of the system. Con- 
sequently procedures are constructed that 
verify exponential divergence of 
neighbouring states in the reconstructed 
phase space. Exponential divergence has 
also been investigated in terms of the 
Lyapunov exponent by R.S. Shaw for a 


_- chemical reaction system?. | 
The methods outlined here hve heen 


applied successfully in real experimental 
situations. Strange attractors have been 
reconstructed for chaotic chemical 
reactions by J.C. Roux ef ai!!! by using 
the time series of the concentration of a 
single chemical species — the phase space 
may in principle consist of at least the 
concentrations of all chemical species 
involved (about 25). D. Farmer etal. have 
recently used a phase space reconstruction 
for a baroclinic flow experiment. In 
addition, they have been able to determine 
quasi-one-dimensional Poincaré return 
maps. R.S. Shaw etfal have studied the 
irregular dripping of a tap and derived one- 
and two-dimensional return maps and 
topological and metric entropies from their 
measurements. = 
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Do mitochondria share enzymes 
with the rest of the cell? 


| from Thomas Fox 


IN.a rough way, the matrix of mitochondria 
can be thought of as a cell cytoplasm 
containing a chromosome, a transcription 
and translation apparatus, and a number 
of metabolically important soluble en- 
zymes. The peculiar thing, of course, is that 
much of this — for reasons that are 
unknown — apparently duplicates func- 
tions present in the real cell cytoplasm and 
the nucleus. It has seemed, however, that in 
no case does the same protein species 
function both inside and outside the 
mitochondrial matrix. Even though 
- virtually all of the proteins present in the 
-matrix are coded by nuclear genes, the 
-matrix proteins studied so far have been 
found to be biochemically distinguishable 
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from their functional analogues outside the 
mitochondria. A new report from Hopper 
et al. (Cell 28, 543; 1982) now provides 
evidence that this may not always be the 
case. Work on two yeast mutants that 
affect tRNA methylation suggests that 
these functions are indeed shared by mito- 
chondria and their gracious hosts. 

The nuclear mutations, irmi and irm2, 
cause the absence of tRNA (guanosine-N?, 
N?) dimethyltransferase and tRNA 
(uridine-S)methyltransferase activities 
respectively. This was clearly demon- 
Strated by examining HPLC elution 
profiles of ribonucleosides derived from 
digests of whole-cell tRNA preparations: 
m į G is specifically absent from the tRNA 
of the trm/] mutant, while m°U is 
specifically absent from the tRNA of the 
trm2 mutant. The modification of those 
tRNAs encoded and transcribed within 


| mitochondria was. eeanined b 
















































tRNA from well-washed, isolated 
nelles, digested and analysed by H 
What was striking was that the pt 
mitochondrial tRNAs from wild ty 
tained both methylated nucleosid 
m 2G and m5U were specifically la 
i mitochondrial tRNA from tl 
and frm2 mutants respectively. 
the phenotype of these mutants 
same at the level of whole-cell (prim 
cytoplasmic) tRNA and mitochone 
tRNA. On the face of it, it appears 
both modifications, the same (or simi 
regulated) enzyme activities function it 
and outside the mitochondria. (One 
assumes that the tRNAs do not leave the. 
matrix to be modified and then return) 
It is dangerous to jump from the fact that: 
a mutation affects an enzyme activity < 
inside and outside the mitochondria to the © 
conclusion that the mutation is in a genei- 
coding both enzymes, without examining. 
the enzymes themselves. Studies by Gross 
and co-workers on the LEUS locus in. | 
Neurospora crassa have shown thata > 
mutation there leads to the production of 
an altered cytoplasmic leucyl-tRNA 
synthetase and to the virtual lack of | 
mitochondrial leucyl-tRNA synthetase. > 
Both phenotypes co-revert, indicating that 
they are the result of a single mutation, = 
Furthermore, the genetic determinant fora me 
naturally occurring electrophoretic variant 
of the mitochondrial enzyme also mapsto ~ 
the LEUS region, indicating that structural 
gene information for both enzymes isin the 
same place (Beauchamp et al. Proc. natn. 
Acad. Sci. U.S.A. 74, 1172; 1977) s. 
However, they could find no im: =. 
munological cross-reactivity between the 
cytoplasmic and mitochondrial enzymes 
leading them to propose two tightly linked 
or overlapping genes for these two 
enzymes. Since the lack of immunological 
cross-reactivity may not be the most 
reliable indication that two proteins are... 
unrelated, one should not yet rule out the > 
possibility that a single gene codes fortwo, 
perhaps differently modified, leucyl-tRNA - 
synthetases in N. crassa. However, in the 
case of the frm] and trm2 mutations òf- 
yeast, the possibility of distinct but tightly. 
linked and co-regulated genes for tRNA 
methylases should probably not be. 
dismissed either. 
A single gene, with two possible modés 
of transcription and translation, could 
clearly code for two similar proteins that — 
end up on opposite sides of a membrane, as 
has been shown by analysis of a yeast gene. 
that codes for both intracellular and — 
secreted invertase (Perlman and Halvorson | _. 
Celi 25, 525; 1981; Carlson and Botstein 
Cell 28, 145; 1982). It seems quite possible - 
that such a mechanism also plays a part in | 
specifying some proteins inside and outside - 
the mitochondrial matrix. Clearly, an 
examination of the TRMI and TRM: 
genes of yeast and the LEUS gene of A 
crassa, as well as the proteins they enco 
will prove very een 
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from Brian Hall 


: THE recent documentation by Peignoux- 
-Deville et al.! of bone in the vertebrae of 
he backbone of the dogfish, Scyliorhinous 
‘canicula, a member of the cartilaginous 
. fishes (Chondrichthyes), has important im- 
plications for biology because sharks and 
‘ays are grouped together as cartilaginous 
ishes on the basis of the presence of a 
cartilaginous skeleton in the adult and the 
: absence of bone from any stage of the life 
< cycle. In other vertebrates, such as man or 
< the bony fishes, most of the cartilage of the 
_ embryo is replaced by bone in the adult. 
© - Cartilage and bone are the two major 
= skeletal tissues. The long debate in 
evolutionary circles over whether cartilage 
or bone arose first during vertebrate 
evolution resulted in classifications of the 
vertebrates that had cartilaginous fishes 
either on the main evolutionary line as the 
ancestors of all other fishes and amphibians, 
if you believed that bone arose late in 
vertebrate evolution, or as a side branch, if 
you believed that bone arose early’. 
Peignoux-Deville ef al. examined 
vertebrae of the dogfish using X-ray 
“analysis, labelling with tetracycline (a 
calcium-seeking fluorescent drug) and 
transmission electron microscopy. The 
upper halves (neural arches) of the 
vertebrae were found to consist of large- 
celled cartilage overlain by a layer of 
lamellar bone containing bone-forming 
cells (osteocytes). The bone was calcified, 
- as confirmed by the uptake of tetracycline 
and by the presence of calcium phosphate 
(apatite) crystals. Average mineralization 
(1g mineral per cm’ of bone) was the same 
in the cartilaginous and bony portions of 
the vertebrae. The association of the bone 
~~ with the underlying large-celled cartilage 
<x, Suggests that the cartilage may have 
induced the bone to form in the same way 
as occurs in higher vertebrates*. Mutants 
are known in which cartilage fails to 
become large-celled (for example, talpid in 
the chick, brachypod in the mouse), with 
_ the consequence that bone fails to form 
around the cartilage. Cartilaginous fishes 
appear to use the same developmental 
- mechanism to form bone. The cartilage of 
---higher vertebrates also contains canals 
which both provide cells for centres of 
bone formation deep within cartilage and 
allow nutrients to reach the deeper recesses 
of cartilage, a tissue which lacks blood 
essels. Hoenig and Walsh’ examined 
vertebrae from 16 species of sharks and 
found that all had canals containing blood 
vessels and immature cartilage cells. They 
ruled out any bone-forming (osteogenic) 
unction for these canals .. “the 
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osteogenic function cannot apply to 
Elasmobranch vertebrae’’, following 


instead the traditional view that sharks lack 


bone. A closer examination of these 
vertebrae is clearly now required. 
Previous studies had hinted at the 
presence of bone in the endoskeletons of 
sharks and definitely showed it to be 
present in the hard denticles which are 
embedded in the skin and at the base of the 
teeth®'!, The X-ray diffraction pattern of 
shark vertebrae is also identical to that 
obtained from bone!*, and this and the 
presence of the canals should encourage a 
closer examination of shark vertebrae. 
Ornithoprion hertwigi, a fossil shark from 
the Permian period, had a thick layer of 
bone around its lower jaw". The presence 
of bone in both the jaw and the vertebrae is 
of especial interest as much of the head 
skeleton is derived from the neural crest $, 
while vertebrae are mesodermal in origin. 
Sharks have retained bone-forming 
potential in cells with both of these 
embryological origins. Bone formation in 
cells on the surface of the vertebrae is 
presumably activated by association with 
underlying large-celled cartilage while 
cranial neural crest-derived cells are 
presumably activated by interaction with 
epithelia, as happens in other vertebrates"4. 
The existence of bone in these sharks 
explains the previously paradoxical 
presence of the hormone calcitonin, which 
acts on bone to regulate calcium 


| MENUEN 
follows: the classification of a group of 


anelling. of thinking which 


animal on the basis of the presence of one, 
albeit major, feature and the lack of 
another. Because the Chondrichthyes are 
classified as having a cartilaginous skeleton 
and lacking bone, we automatically think 
that they are incapable of forming bone. 
This lead to the spurious classifications of 
vertebrates mentioned earlier, to the 
conclusion that no feature (canals, 
calcitonin) could have anything to do with 
bone or bone formation, that the 
cartilaginous fishes have ‘lost out’ in 
evolution, not having the potential for 
growth, mineral metabolism and structural 
support possessed by their bony cousins, 
and that any suggestion of the presence of 
bone must be spurious for cartilaginous 
fishes lack bone. The simple observation of 
the presence of a tissue in one region of one 
species opens up many roads for future 


travel. c] 
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Hipparcos: space-age astrometry 


from A.M. Cruise 


THE measurement and cataloguing of 
stellar positions is one of the oldest 
branches of science and the results, 
gathered over the centuries, have been 
crucial in the formulation of our present 
concept of the scale and structure of the 
Universe. But astrometry is hardwork. To 
achieve a precision very much better than 
the are second resolution of ground-based 
optical telescopes in a homogeneous 
manner over the whole sky seems im- 
possible, with present instruments at least. 
It is no wonder then that astrometry has 
fallen from the front ranks of astronomical 
science, and spectroscopy and theoretical 
astrophysics have gained favour. 
Nevertheless, astrometry has some simple 
but profound truths to tell that are 
fundamental to the development of all 
branches of astronomy. By choosing the 
space astrometry mission ‘Hipparcos’, 
scheduled for launch in late 1986, the 
European Space Agency will transform 


many branches of astronomy and astro- 
physics. 

The astrometric observations made from 
Hipparcos are hoped to have a precision of 
one or two milliarc seconds — one hundred - 
toa thousand times better than is currently 
available for most stars. Such accuracy will 
allow both radio VLBI measurements and 
optical results to be specified in a consistent 
coordinate system. | 

Increased precision is not the only 
attribute of the Hipparcos catalogue. The 
instruments scanning sequence will allow 
observation of the whole celestial sphere 
during the two and a half year mission. 
About 1000,000 stars will be measured, 
including all stars down to ninth 
magnitude, and careful selection will 
ensure that there are always two or three 
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Hippareos stars in each square degree of 
sky. A convenient, homogeneous co- 
ordinate grid of high precision that covers 
the whole sky will thus be created. In 
addition, the Space Telescope will be able 
_ to determine the position of some extra- 
< galactic objects with respect to Hipparcos 
- stars and so link the new coordinate system 
7 o an inertial frame. 

“<The increase in precision gained from 
-Hipparcos will allow the absolute deter- 
_mination, by trigonometric parallax, of 
distances 10-20 times greater than at 
present. It is the absolute nature of the 
method which is of overwhelming im- 
portance. All the overlapping cosmic 
distance scales which span the observable 
Universe ultimately depend on measure- 
ments of the distance to the Hyades cluster 
=- which is just close enough to show 
“measurable angular motion in ground 
based telescopes. Calibration of the 
absolute luminosity of various stellar 
distance indicators in the Hyades provides 
the means by which apparent luminosities 
of very distant objects can be used to 
determine their distance. 

Not only will Hipparcos improve on the 
absolute distance measurement for the 
Hyades and so reduce the statistical error 
on all cosmic distance scales but more 
important, the absolute distance of five 
clusters other than the Hyades will be 
“measured. The calibration of distance 
indicators can then be scrutinized for 
dependences on metallicity and other 
factors that might vary from cluster to 
cluster. Hipparcos will also increase the 
number of stars accessible to direct 
distance measurement by a factor of about 
1,000 and absolute luminosity 
measurements over a much wider range of 
stellar temperature will be made possible. 

The accuracy of measurement will allow 
changes in stellar positions to be observed 
during the mission. This proper motion 
caused by the stars spatial velocity with 
respect to the Sun has been measured in the 
past for a relatively small number of stars 
~- by comparing positions measured at widely 
separated times. The high precision of 
Hipparcos will, however, be offset by the 
shortness of the two and a half year 
observation period so the accuracy of 
proper motion measurements will not be 
much increased — the really dramatic 
improvement will be in the large numbers 
of stars observed. 

The performance of the Hipparcos 
instrument is closely coupled to the 
operation of the satellite and the design of 
both is being refined. The two main 
_ difficulties, which should be overcome by 
_ the concept first proposed by Lacroute, are 
the achievement of the necessary precision 
“and the maintenance of the absolute 
calibration of the angular measurements. 
-A modestly sized telescope will view a beam 
combiner so that two stars separated on the 
sky by about 70 degrees will be super- 
imposed in the focal plane on a modulating 
grid that measures their relative separation. 






0028-08 36/82 /290325-02$01 .00 


“As the satellite rotates the two fields of view 
will scan along a great circle. By demanding 


that a closed chain of star separation 
measurements must sum to 360 degrees 
angular calibration can be accomplished 
with the desired frequency. When many 
intersecting great circle scans are combined 
the two coordinate stellar position can be 
found with an ultimate accuracy of one or 
two milliare seconds, 

There is already a great deal of scientific 
activity, including colloquia! and 
published papers*~*, supporting the 
Hipparcos project. ESA has selected two 
separate consortia to perform the data 
analysis task and has issued a call for 
proposals to heip define the list of stars to 
be observed. The deadline of 1 October 


Monoclonal antibodies to human | 
malignant melanoma 


from Ralph A, Reisfeld 


A RECENT international workshop on 
monoclonal antibodies to human mela- 
noma-associated antigens* demonstrated 
rapid progress in the analysis of 30 
monoclonal antibodies that had been 
produced and exchanged by 10 labo- 
ratories. There was general agreement that 
24 antibodies defined 11 antigens that are 
expressed on melanoma cells to a 
considerably greater extent than on other 
normal or neoplastic cells and tissues. 
These antigens may be the products of 
amplified and/or altered normal genes and 
could provide a set of model targets for 
adjunct immunotherapy, as well as 
sensitive molecular probes for studies on 
the biology of malignant melanoma and 
the mechanism of neoplastic 
transformation. 

Particularly striking were the con- 
sistency among reaction patterns of most 
antibodies, even though different target 
cells and techniques were used, and the 
variety of the antigens identified, even by 
using the same melanoma cell lines as 
immunogens, Although most monoclonal 
antibodies were elicited from melanoma 
lines in long-term tissue culture, they 
reacted in binding indirect immuno- 
fluorescence and immunoperoxidase assays 
with surgically removed, frozen tissue 
sections and, in some cases, with 
melanoma cell lines at early passage levels 





*The workshop on ‘Monoclonal Antibodies to Human 
Melanoma Antigens: IP held on: 26-27 April 1982 at Bethesda, 
Maryland was organized by the Immunology Program, Cancer 
Biology Branch, Division of Cancer Biology and Diagnosis, 
National Cancer Instituic. The participating laboratories were 
those of J.C. Bystrva, New York University School of Medicine; 
8, Ferrone, Columbia University, New York: K.E. and L 
Helistrom, Fred Hutchinson Cancer Center, Seattle; H. 
Koprowski, Wistar Institute, Philadelphia; J.P. Mach and S. 
Carrel, Ludwig Institute for Cancer Research, Lausanne; DLL, 
Morton, University of California, Los Angeles: R.A Reisfeld, 
Scripps Clinic and Research Foundation, La Jolla; G. 
Riethmuller, University of Munich; and H.F. Seigler, Duke 
University Medical Center, Durham. The proceedings of the 
workshop will be published in Hybridoma 2, No. 4, 1982. 


1982 gives some hint of how much wo 
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required to put the observing list into 
necessary form for the operation « 


Astrometry from space will still be ha 
work but at least the astrome 
measurements from Hipparcos will sta 
more clearly above the noise and so attrac 
the attention they deserve. fre 
astronomers in general. 
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— suggesting few tissue culture artefacts 
and little antigenic drift. Only relatively 
few antibodies reacted with formalin-. 
fixed, paraffin-embedded tissue sections, 
Suggesting that most determinants —— 
recognized by the monoclonal antibodies 
are irreversibly denatured by this 
treatment. Ae 

Structural studies of the 11 selecta = 
antigens indicated 5 of them to be single- 
chain glycoproteins with molecular weights 
(M) of 70,000-100,000, one a single-chain 
glycoprotein with M, 184,000 and two 
multiple-chain glycoprotein molecules. 
with M, of 116,000-130,000. One of the 
antigens is a sialoganglioside (G,;) and two 
were identified as extracellular matrix 
proteins, that is, chondroitin sulphate. 
proteoglycans consisting of a glycoprotein... 
chain (M, 250-280,000) and a series of . 
components with M, > 780,000. Antibodies. 
to two of the antigens, p97 (gp95),. a... 
glycoprotein of M, 97,000 which is <` 
structurally related to transferrin, and the 
proteoglycan molecules, have been | 
identified which can react with distinct. 
epitopes on the same or very similar 
molecules. Interestingly, all the 24. 
monoclonal antibodies selected react with 
cell membrane or matrix antigens.. This. 
may reflect a relatively low immuno- ` 
genicity of cytoplasmic antigensand/orthe -> 
choice of the procedures used in screening ~ 
the hybridomas. E 

Several general conclusions were < 
reached by the 10 participating labo- 
ratories. The antibodies analysed detect 
tumour-associated antigens but not 
tumour-specific antigens in the strict sense’. 





Ralph A. Reisfeld is at Scripps Clinic: dvd 
Research Foundation, La Jolla, Califor 
92037. 


© 1982 Macmillan Je 
































































Í a tumour cell: lines is not 
fficient to evaluate critically their 
specificity, and screening of a large variety 


_. ENHANCED plant productivity is one means 
> py which world food and energy shortages 
‘may be alleviated. For this reason research 
into the photosynthetic process Is increas- 
ingly favoured both in the UK and over- 
seas. However, the crop physiologist is 
quick to remind us that the connection 
between photosynthesis and productivity is 
c more apparent than real, in the sense that a 
-> c çorrelation between short-term measure- 
-> ment of photosynthetic rate and crop yield 
. 9s not easily demonstrated. Certainly the gulf 
` between the plant scientist and the farmer 
is considerable. Even the highly valuable 
contributions of the plant breeder have 
been largely confined to factors such as 
| disease resistance and the redistribution of 
=. assimilates within the plant. We have all 
~Jamented photorespiratory loss, worried 
¿over the inadequacies of ribulose 
bisphosphate carboxylase/oxygenase and 
-< wondered if we can turn, for solace, to C4. 
<- Perhaps, however, if we pause for thought, 
there is no reason to be unduly pessimistic 
about the future of photosynthesis in its 
relation to agriculture. 
ṣo. Plant growth is the best measure of net 
= photosynthesis that we have and the limits 
~ to which the useful redistribution of 
`- assimilates can be achieved are fast being 
_ reached. To increase plant productivity by 
> securing more vigorous growth through 
more effective photosynthesis we need to 
-determine which existing limitation might 
‘be removed. A discussion meeting* was 
© organized by the Agricultural Research 
-Council to identify and characterize the 
reactions which limit the photosynthetic 
“process in various environmental and 
developmental conditions, and to 
determine how basic research into 
photosynthesis may be directed towards 
‘increasing plant productivity. A workshop 
con the methodology and applications of 
the measurement of chlorophyll 
fluorescence preceded the meeting. This 
technique is now regarded as a valuable 
non-intrusive probe for photosynthesis in 
vivo. providing, in the words of J. Barber 


“The ARC discussion meeting on ‘What limits photosynthesis’ 
was held on 15-16 April 1982 and was hosted by the ARC 
l Research Group on Photosynthesis at the University of 
| Sheffield, 
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peroxidase te niques: appears nece ary tos 


make any meaningful comparisons. 
Quantification of antigen expression on 


normal and tumour cells is definitely 


necessary, either by saturation binding 
with Scatchard plot analyses or by 
quantitative binding assays with radio- 
labelled antibody or by analysis with the 
fluorescence-activated cell sorter. C] 


What limits photosynthesis? 


i from Christine Foyer, Richard Leegood and David Walker 


(Imperial College, London), a 
‘stethoscope’ for plants. 

Many workers in photosynthesis dis- 
agree about the basis on which the rate of 
photosynthesis should be expressed, and 
doubt the validity of the present methods, 
especially since a single factor is unlikely to 
be constant. All quantitative means for 
expressing photosynthetic rate in current 
use (for example, ground area, fresh 
weight) carry inescapable disadvantages. 
In spite of this, chlorophyll is likely to 
remain the universal basis for expressing 
photosynthetic rate at the cellular level 
simply because it is easily measured (J. 
Ludwig, GCRI, Littlehampton). The use 
of the term ‘photosynthetic efficacy’, to 
relate capacity to performance (that is, an 
assessment of the actual performance of a 
given crop as a function of the potential 
performance), could help to determine the 
degree to which photosynthetic capacity is 
realized in a given circumstance (D. A. 
Walker, Sheffield University). 

Although the basic climatic limitation to 
crop photosynthesis is the seasonal input of 
light energy, the degree to which this energy 
can be used by the plant is modified by local 
climatic factors, such as temperature, 
water and the requirements of particular 
farming systems (J. P. Cooper, WPBI, 
Aberystwyth). The rate of photosynthesis 
reaches a maximum at or just before full 


leaf expansion and declines thereafter. The 


length of the growing season before leaf 
senescence is, therefore, a limitation on 
crop yield (H. Thomas, WPBI, Aberyst- 
wyth). The efficiency of photosynthesis in 
relation to the balanced excitation of the 
photosystems is believed to be controlled 
by the phosphorylation of the light- 
harvesting chlorophyll a/b binding 
protein. Balanced excitation is necessary 
for efficient non-cyclic electron transport 
and also serves to poise cyclic electron flow 
by increasing excitation of photosystem I 
relative to photosystem II]. Furthermore, 
the flexible distribution of available quanta 
between the two photosystems can be 
especially important under stress and allow 
a more efficient distribution of excitation 
in different cells of a leaf and different 









‘The “majority of | temperature crops, 
particularly cereals, are exposed to 


„suboptimal temperatures for most of their 


lives. Dramatic. differences in temperature 


response occur. between cold-tolerant and 


cold-intolerant plants. Even at the level of 
the chloroplast the partitioning of 
assimilate may be considerably influenced 
by temperature as transport generally 


outstrips production at low temperatures; 


the autocatalytic Benson-Calvin Cycle 
does not obey Arrhenius’ law (Heber, 
Würzburg University). Low temperatures 
cause phase changes in the lipids of the 
thylakoid membranes and the resulting 
reduction of the fluidity of the thylakoids 
reduces the mobility of the electron carriers 
between photosystems I and II, for 
example by diminishing the diffusion rate 
of reduced plastoquinone (D. Chapman, 
Imperial College, London). This may well 
be the most temperature-dependent step of 
electron transport. 

Ribulose bisphosphate carboxylase/ 
oxygenase is the point of entry of carbon 
into the Benson—Calvin cycle and that of 
oxygen into the photorespiratory 
pathway. There is a broad correlation 
between ribulose bisphosphate carboxy- 
lase activity extractable from leaves and 
light-saturated rates of photosynthesis in 
plants taken from a wide range of growth 
conditions and genotypes. Ribulose bis- 
phosphate carboxylase appears to limit 
photosynthesis only in the sense that the 
activity of the enzyme is close to that of the 
flux through the Benson—Calvin cycle. 
Plants synthesize only as much of this 
enzyme as they need (A. Keys, Rothamsted 
Experimental Station). This raises the 
question of whether a limitation imposed 
by this enzyme is a phenomenon perceived 
by the manipulator rather than the plant. 

The purpose of photorespiration 
continues to be hotly debated. Selective 
inhibition of the oxygenase activity is _ 
improbable although some species have 
carboxylases with a significantly higher 
affinity for CO, than others (S. Gutteridge, 
Rothamsted Experimental Station). Other 
enzymes of the Benson—Calvin cycle, such 
as fructose bisphosphatase, show changes 
in activity in response to the redox state of 
ferredoxin, although the changes in 
fructose bisphosphatase activity do not 
have a role in regulation of the 
photosynthetic rate in leaves illuminated 
with saturating light. 

No final answer as to ‘What limits 
photosynthesis’ arose from the meeting. 
The most popular candidate, proposed by 
O. Björkman (Carnegie Institute of _ 
Washington), was God. The question — 
deserves future consideration and research 
if we are to secure increased plant 
productivity. G 





Christine Foyer, Richard Leegood and David 
Walker are in the ARC Research Group on 
Photosynthesis, Department of Botany, 
Sheffied S10 2TN. 
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g Durie: the differentiation of B lympho- 


ee a succession of rearrange- 
ts. The last of these determines the 
f antibody expressed — whether it is 
gM, IgG, IgA and so on. Just which of 
: _ these classes or isotypes will predominatei in 
=< an antibody response depends, among 





other things, on the nature of the antigen. 
and in particular on the dependence of the 


B-cell response on T-cell help. Both the 
mechanism of the class switch and the 
nature of the T-cell influence were 
discussed at a meeting* in Sweden. | 
Antibody molecules (or immuno- 
_ globulins) consist of two identical heavy 
“and light chains. In the mouse, these are 
„encoded by linked families of V,,, Dy and 
: Je genes located 5’ to a cluster of eight 
heavy-chain constant-region (Cy) genes (p, 
6, y3, yl, y2b, y2a, £ and a)on chromosome 
i2 and V, and J, genes upstream from the 
x and A light-chain genes on chromosomes 6 
and 16 respectively. 

One of the first steps in differentiation of 
the B cell is the assembly by chromosomal 
rearrangement of one each of the Vy, Dy 
and J,, genes and the transcription of the 

<- V-D-J set along with the C, gene (see the 

figure). <A cell expressing such u mRNA is 

` knownas a pre-B cell, andat this stage few 
of the chains reach the cell surface. Thus 
the pre-B cell is not influenced. by antigen 
until the next stage in differentiation, when 
one set of V, and J, genes is productively 
rearranged and a complete IgM molecule is 
expressed on the surface of the cell, which 
has now differentiated into an immature B 
lymphocyte. 

Subsequent stages in B-cell differen- 
tiation entail changes in the expression of 
the C,, genes, and, in particular, isotype 

=> switching in which the same V,,—D,,~J,, set 
is expressed sequentially with different 

$ constant-region genes. Intermediate stages 
in B-lymphocyte differentiation are 
marked by the expression of a variety of 
cell-surface proteins involved in regulating 
B-cell migration, growth and differen- 
tiation. In its. terminally. differentiated 
state, the B cell, now a plasma cell, shifts 
from surface expression to secretion of its 
antibody. 

All immature B lymphocytes at first 
express membrane-bound. IgM, and later 
- ¢o-express surface IgD, sharing the same 
~Vu-Dy-Jy and light chains. Some 





tee "A. ‘workshop on ‘immunoglobulin Heavy-Chain Class 
Switching’ was organized by A. Coutinhe and his colleagues at 
mea University, Sweden, on 16-19 February 1982. 










z Kenseth: B. Marcu is at the Department of 
` Biochemistry, State University of New York at 
Stony Brook, New York 11794, and Max D. 
Cooper is at the Cellular Immunobiology Unit, 
University of Alabama Medical Center, 
| Birmingham, Alabama 35294. 
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members of each B-cell clone make a 


further switch, from IgM (and IgD) to IgG, 


IgA or IgE — again with no change in the 
V-~D-J genes. Heavy-chain isotype 
switching in B-cell clones was discovered 
more than a decade ago, when it was shown 
that treatment of. immature B cells by 
infusions of anti-u antibodies prevented 
subsequent development of plasma cells 
producing other immunoglobulin classes’. 
It is now known that in plasmacytomas 
secreting isotypes other than yu, the 
constant-region genes.5° to the one that is 
expressed are deleted, the deletion 
occurring between switch (S) regions 
localized in the introns 5° to the expressed 
C,, C, or C, gene**, But many funda- 
mental questions remain unanswered. 
What is the normal sequence of C,, gene 
expression — can cells switch directly from 
IgM to, say, IgE or must they express each 
successive isotype between? What are the 
precise switch mechanisms and when does 
a cell become committed? How is the 
switch regulated? The answers to these 
questions are beginning to emerge and were 
discussed at Umea. 

Mechanism of the switch 

While it is generally accepted that deletion 
of the 5° constant-region genes accom- 
panies differentiation into an 
immunoglobulin-secreting plasma cell, it is 
still not known whether this occurs by 
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In the course of B cell ontogeny, Vi, Dy and Jy DNA segments first become ` 
assembled to encode a complete heavy-chain variable region and later, the same- 

of V, D-and J segments is associated sequentially with different C =: 
segments. The diagram shows the three possible ways in which this sequenti : 


assembly 


switching may be achieved. 
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intrachromosomal deletion? or by: une 
exchange between sister chromati 
either case, there is now evidence th 
C,, gene deletion may not occur un 
switch from the surface to sec 
immunoglobulin has taken place. 

The existence of immature B lyr 
cytes. exhibiting two cell-surface isotyp 
for example IgM + IgG or IgM + Ig 
been known for some time. It was origi 
ally thought that this could be most sim] 
explained. by the stability of either the p 


allow for the maintenance of cell-surfac: 
IgM for a B cell that has already genetically _ 
switched to either yor a isotype. Inthecase _ 
of cells co-expressing p and 6 chains, — 
however, it is now known that the two. 
chains are produced by differential splicing 
of a single primary RNA transcript con- 
taining both the C, and the C, gene". At — 
the meeting it became clear that dif ferential _ 
splicing of. a long transcript may also 
underlie the expression of constant-region | 
genes downstream of 6. T. Honjo (Osaka | 
University) presented evidence thaty+¢* B 
lymphocytes, purified from the spleens of — 
parasite-infected SJA/9 mice (a congenic: — 
strain without detectable circulating IgE _ 
antibody), have no detectable C,, gene re- 
arrangements and/or deletions. Toexplain 
this unexpected finding, Honjo proposes? 
that a transcription unit starting S of Vg 
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and £ membrane mRNAs by differential 
RNA splicing coupled with specific 
poly(A) addition (see the figure). Similar 
‘studies on a population of p* yl* B cells 
“from normal mouse spleen have been 
interpreted in the same way!!. However, 
lular immunologists will want clear 
surance that the immunoglobulin 
ecules on the surface of these cells are 
“actually synthesized by them and not 
icked up from other cells, especially since 
he existence of a multi-C,, transcript in 
mmature B lymphocytes may be very 
‘difficult to establish (none has yet been 
‘isolated for the p-d transcription unit). 
This hypothesis poses the intriguing 
. problem of a mechanism for operating the 
- switch first by RNA splicing and then by 
< DNA rearrangement since y* and a* B 
cells have been shown to give rise to plasma 
cells which produce the same heavy chain 
isotype. 
Another hypothesis arises from obser- 
vations on subclones of a pre-B cell line 
(18-81) transformed by Abelson virus. In 
_these cells, switching from u to y2b (ref. 12) 
‘can apparently occur in the absence of 
- -gene deletion, though not without some 
DNA rearrangement!}, It is possible that at 
“some point in the history of the 18-81 cell 
“line, the 6, y3 and yi genes were deleted and 
the y2b gene was positioned immediately 3’ 
to the u gene where it could give rise to a 
w-y2b transcript by the same mechanism 
that produces the -ô transcript. F. 
+- Blattner (University of Wisconsin) 
¿i Suggested that this might be a transitional 
“step. in isotype switching, the constant- 
= région gene to be expressed in each case 
~ replacing the 6 gene 3’ to u. The next step 
would involve C, gene deletion before 
plasma cell differentiation. 
Successive and direct switching 
So far, there is evidence for both suc- 
~- cessive and direct isotype switching (see the 
<> figure). Both switching modes could 
operate on a purely stochastic basis’, or 
> under the influence of regulatory elements 
. such as isotype-specific recombinases!*. 
- {n addition to direct poy and poo 
switches, M. Wabl (University of 





switch in lipopolysaccharide 
(LPS)-induced plasma blasts. Successive 
isotype switches are also suggested from 
studies using the splenic focus assay and 
limiting dilution as methods for examining 
these cell clones'5:!6, Using the eli 
dilution of LPS- stimulated cells, 

Coutinho and co-workers (Umea an 
) obtained results consistent with 
thes from y to each of the other 
pes and for multiple patterns of suc- 
sessive ‘downstream’ switches. In the 
‘response to trinitrophenol-Ficoll, a 
-.T-independent antigen, the frequency of y 
: -isotypes expressed follows the Cy gene 
= order (that is, y3>y1>y2b>y2a), and results 
< of splenic focus analysis suggested that y3 


0 “isotype, t t (SUNY, Stony 
Brook) showed that Sp s aaa s` possess 





| ‘ilobese multi-C,, epi could yield y 


. Tübingen) reported evidence for a pe. 


extensive homology with Si while Syr Syap 
and S 2a have very limited S, homology, 
and suggested that this could provide a 
genetic basis for intermediate S,, switches 
to other y isotypes (see the figure). Marcu 
also presented evidence for a new 
consensus DNA sequence, YAGGTTG, 
preferentially located 5° of C,, switch sites 
and repeated in S regions!’!8, which, 
together with previously identified 
common § sequences (GAGCT and 
GGGGT)!", may play a part in switch-site 
recognition!’-!?, 

Successive C,, gene switches have 


recently been explored at the molecular. 


level in C,, switch-variant cell lines?°?!. A 
switch from y2b to y2a in MPC-I1 
myeloma variants results in S region- 
mediated y2b gene deletion”. F. Sablitzky 
(Genetics Institute, University of Cologne) 
presented some startling results from cor- 
relations of C,, gene rearrangements and 
deletions with isotype switching in clones 
of spontaneous class-switch variants 
derived from the X-63 hybridoma!>. In 
X-63 hybridoma cells, ‘backswitches’ (for 
example y2a~yl1) occur at 100-fold higher 
frequency than forward switches (for 
example yl-~y2b-~y2a), which arise at 
frequencies of 10-7. The unprecedented 
finding of C,, backswitching could be most 
simply explained by either trans- 
homologous chromosome exchange or the 
presence of duplicated y genes generated by 


unequal cross-over during sister chromatid 


exchange. Even though these findings may 
partly reflect peculiarities of the cell lines, 
they do clearly demonstrate that successive 
switching — for example, yl >y2b>y2a — 
can occur. 

Role of T cells in isotype expression 

It is well known that the nature of the 
antigen and responding T cells or their 
helper and suppressor factors can selec- 
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‘proge yof responding B cells. 


‘plas 
J, Davies (Washington University, St 


Louis) reviewed evidence indicating that 
T-independent polysaccharide antigens 
elicit primarily u and y3 antibodies while 
the T-dependent protein antigens preferen- 
tially induce p, yl and y2 antibodies in the 
mouse. Coutinho showed that the same 
hapten can elicit different antibody 
isotypes when coupled to different carriers 
which determine the nature of the T-cell 
help. Y. Rosenberg (MRC, Mill Hill) 
showed that the isotype-specific influence 
of antigen-stimulated T cells may spill over 
to cause bystander B-cell clones to undergo 
plasma cell differentiation, the T-cell 
influence presumably being mediated by 
soluble factors. 

Three groups of investigators represen- 
ted at the Umea meeting have analysed the 
immunoglobulin isotypes expressed by 
mouse B cells when cultured with estab- 
lished T-cell lines (A. Coutinho; and L. 
Forni, Basel) or soluble T-cell factors (P. 
Tucker, Dallas; & E. Severinsson, Univer- 
sity of Stockholm). In each system, the 
polyclonal B-cell activator LPS by itself 
induced y3 more than y1 plasma cells. The 
addition of activated T cells, or soluble 
factors released from them favoured the 
reverse pattern, yl over y3. L. Forni’s data 
suggested that LPS induces both yl and y3 
B-cell blasts to proliferate, but only the y3 
blasts to differentiate into mature plasma 
cells; the subsequent addition of activated 
T cells, by contrast, reduces the frequency 
of y3 cells and induces yl plasma cells. P. 
Tucker presented data on the state of the y3 
and yi mRNA species before and after the 
addition of a T-cell product (B-cell dif- 
ferentiation factor**) to LPS-stimulated B 
cells. LPS alone induced y3 mRNAs, but 
very little yl mRNA. Following the 
addition of the T-cell factor, yl mRNAs 
were increased in quantity and y3 mRNAs 
reduced. But all these results, while tan- 
talizing, leave open the central question: do _ 
T cells instruct B cells to switch isotypes or 
do they select isotype-committed B cells for 
preferential induction of terminal differen- 
tiation? 

Clearly, we still have important lessons 
to learn about the genetic basis for C,, 
isotype switching and its regulation. While | 
solutions appear almost within reach, these 
genetic events remain elusive as they occur 
transiently and in minor subpopulations of 
cells. Clones of normal B cells undergoing 
isotype switches are unavailable. The C,, 
switching phenomenon may continue to 
challenge both cellular and molecular 


ery 


biologists for some time a 


Corrigendum 
In ‘Sons and daughters?” from T.H. 
Clutton-Brock (Nature 298, 11; 1982) the 


figures shown for Papio cynocephalus 


(Table 2) as **Per cent males” are actually 
totals; the percentage of males would be 35 
(for high maternal rank) and 68 (for low 
maternal rank). 
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The sequence of a,-antitrypsin is in keeping with its role as a tissue scavenger of leukocyte elastase. — 
Two abnormal variants commonly present in Europeans cause a deficiency that predisposes them 
fo a progressive loss of lung elasticity. The nature of the reactive centre helps explain why cigarette : 
e greatly accelerates the onset and severity of this degenerative process to give the disease 
emphysema. 
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_ AS its name implies, a ;-antitrypsin (a,-AT) is the major com- 
ponent of the a, electrophoretic band of the human plasma 
proteins and acts as an inhibitor of proteolytic enzymes. It 
inhibits serine proteinases and hence is also known as a- 
proteinase inhibitor. Interest in this protein stems largely from 
the observation that its genetic deficiency’ is accompanied by 
the early onset of degenerative lung disease? and, in some 
instances, liver disease? -A puzzling feature of this genetic 
deficiency is its virtual confinement to Europeans, some 10% 
of whom are carriers of a pathological variant*”. 

This association with disease has stimulated research into the 


_ structure and abnormalities of a,;-AT that is revealing new 


aspects of the molecular pathology of genetic disease. One 
--example*’ is the way that genetic and environmental factors 
may interact to give disease. a,-AT is a protective factor and 
its genetic deficiency renders the individual susceptible to cumu- 
lative lung damage from bouts of inflammation induced by 
outside stress such as pollutants. The proteolytic enzymes 
released during this inflammation can overwhelm the limited 
amounts of inhibitor present in the deficient individual; a situ- 
ation that is aggravated by the additional ability of some poll- 
utants to produce a direct inactivation of a,-AT. The con- 
Sequence is that whereas in a healthy environment a,-AT 
deficiency may be compatible with a full lifespan, in a polluted 
environment or with heavy cigarette smoking it can result in 
: crippling lung disease and early death’. 
__. This review discusses a,—AT, its variants and their molecular 
pathology, with particular reference to the primary structure 
of the protein presented here in its completed form. 


Structure 


The structure of human a,-AT shown in Fig. 1 is based on our 
amino acid sequence of the plasma protein and represents a 
consensus with that of the unpublished cDNA sequence of 
human a,~AT (S. L. C. Woo and E. W. Davie, personal com- 
munication). Details of the sequence and its determination are 
given in Fig. 1 legend. 

The structural features of a,-AT are in keeping with its 
known functions. The molecule is relatively small and polar, 
allowing ready movement into the tissue fluids. It has a single 
¿© polypeptide chain of 394 residues, with three carbohydrate side 
¿ chains”, giving an overall molecular weight of 51,000. The 

cDNA studies'’ confirm that a,~AT does not have a propeptide 
but does have a 24-residue hydrophobic pre- or signal peptide”. 
_ The molecule has a single reactive site’’, centred on methion- 
© ine” at position 358. For a,-AT to act as a proteinase inhibitor, 
this reactive site must be held in a fixed conformation: the 
conformation of an ideal substrate’. Although the tertiary 
- structure of a,-AT is not known, physical measurements'*"” 
~ and calculations'® predict a highly ordered structure. The 
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_ two proteins may be due to convergent evolution. How 


strength of this ordered structure is indicated by the fact that — 
it is not buttressed by the disulphide bridges that are characteris- 
tic of most inhibitors, including the homologous antithrombin- 
HI”. a,-AT has only the one cysteine residue, located in a 
cavity on the surface of the molecule and available for SH-SS _ 
interchange reactions both in vivo and in vitro. 


A characteristic feature of a,-AT is the multiple banding = 
that it shows on acid electrophoresis (pH 4.9)"' or on élec- ooo 
trofocusing’’. This banding is the result of a microheterogeneity K 
that is primarily due to variations in its carbohydrate structure™ >; 


The three oligosaccharide groups of a,-AT are N-linked to = 
asparagine residues at positions 46, 83 and 247.'° A physiologi- 
cally controlled variation can occur in the structure of these 
side chains to give isoforms; physiological variants of a,-AT 


in which the usual biantennary oligosaccharides may be 


replaced in position 83, and to a lesser extent 46, by triantennary 
oligosaccharides °° (Fig. 2). 


Reactive centre: Although it has been generally agreed that 


the reactive site of a,-AT is centred on a methionine residue", 
its location in the sequence and the number of reactive sites 
has. been controversial’? '*?*°, The overall sequence shows 
that the reactive centre methionine is Met 358, 37 residues 
from the C-terminus of the molecule '*?”°, 

Proteinase inhibition is accompanied by the formation of a 
1:1 complex between a,-AT and its target enzyme.” The 
reaction mimics that between the enzyme and its substrate, 


with the reactive centre of the inhibitor functioning as a bait = 


for the active site of the proteinase. The mechanism of inhibition 


appears to involve a blockage of the reaction, probably at the ` ce 


stage of the tetrahedral adduct, and the evidence suggests that 
cleavage does not occur in physiological conditions*®. Conver- 
sion of the adduct to an acyl-enzyme may be induced by gross 


changes in pH or by treatment with strong denaturing agents; __ 


only in these non-physiological conditions can the existence of 


the C-terminal, 36 residue, leaving group be demonstrated**, 
Homology: An interesting feature of the sequence of a,-AT __ 
is its homology with those of antithrombin-III'®*° and oval- 
bumin”’ (Fig. 1). It shares 29% common structure with anti- 


thrombin-HI and 30% with ovalbumin, and ovalbumin and — 
antithrombin-III share 32% common structure with each other. 
Together the three form a new superfamily?’ that probably 
diverged from a common ancestral proteinase inhibitor some 
500 million years ago. However, this suggestion of a common 
origin has been questioned as a consequence of gene sequence _ 
studies? that indicate a complete difference in intron positions 

between a,—AT, with three introns, and ovalbumin, with seven 
introns. This has raised the possibility that the similarity of 













comparison of aromatic amino acids (Fig. 1) confirms thi 
structural similarity of a@,-AT and ovalbumin | 
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Be Mine : 10 a | 20 30 

Gin Gly Asp Ala Ala Gin Lys Thr Asp Thr Ser His His Asp Gin Asp His Pro Thr PheAsnLys He Thr Pro AsnLeu Ala Glu: 
s Ala Thr Glu Asp Glu Gly Ser Glu Gin Lys lle Pro Glu Ala Thr Asn Arg Arg Val Trp Glu Leu Ser Lys Ala Asn Ser Arg Phe Ala Thr 
Mee es Giy Ser tle Gly Ala Ala Ser Met Giu Phe Cyst? 3 
40 | 50 60 | 

: . 2nePhe Ser Pro Val Ser ile Ala Thr Ala Phe Ala MetLeu Ser Leu 
‘Leu Ser Pro Leu Ser tlie Ser Thr Ala Phe Ala Met Thr Lys Leu 
Tyr Cys Pro He Ala lie Met Ser Ala Leu Ala Met Val Tyr Leu 


S TOF cite ot | 80 90 

Gly Thr Lys Ala Asp Thr His AspGlu lle Leu Glu Gly LeuAsnPhe - LeuThrGlu Hë Pro Glu Ala - - - + = > > 
zo Gly Ala CysAsn Asp Thr Leu Gix Gix Leu Met Glu Val Phe Lys PheAsp Thr le Ser Glu | a re Lys TO 
Gly Ala tys Asp Ser Thr Arg Thr Gin lle Asn Lys Val Val Arg Phe Asp Lys Leu Pro Gly Phe Gly Asp Ser lie Glu Ala Gin Cys Gly Thr 


=e tee: | 100 110 

«=. Gin He His Glu GlyPheGin GluLeuLeu - Arg Thr LeuAsnGin Pro Asp Ser Gin Leu Gin Lau Thr Thr Gly Asn Gly LeuPhe 
‘Ser Asp Gin lle His PhePhePhe Ala Lys Leu Asn Cys Arg Leu Tyr Arg Lys Ala Asn Lys Ser Ser Lys Lau Val Ser Ala Asn Arg Leu Phe 
‘Ser Val Asn Val His Ser Ser Leu Arg Asp lle LeuAsnGin lie - Thr Lys Pro Asn Asp Val Tyr Ser Phe Ser Leu Ala Ser Arg Leu Tyr 


ana 130 140 150 
-<0 Leu Ser Glu Gly Leu Lys Leu Val AspLys PheLeu Glu Asp Val Lys Lys Leu Tyr His Ser Glu Ala Phe Thr Val AsnPhe - Gly AspThr 
Gly Asp Lys Ser Leu Thr PheAsn Glu Thr Tyr Gin Asp lle Ser Glu Leu Val Tyr Gly Ala Lys Leu Gin Pro Leu Asp Phe Lys Glu Asn Ala 

_ Ala Glu Glu Arg Tyr Pro lie Leu Pro Glu Tyr Leu Gin Cys Vai Lys Glu Leu Tyr Arg Gly Gly Leu Glu Pro lle AsnPhe Gin Thr Ala Ala 


160 170 180 
Giu Glu Ala Lys Lys Gin Ile AsnAsp Tyr Vai Glu Lys Gly Thr Gin Gly Lys lle Val AspLeu Vai Lys - - GluLeuAspArgAsp Thr 
Glu Gin Ser Arg Ala Ala lle Asn Lys Trp Val Ser Asn Lys Thr Glu Gly Arg lle Thr Asp Val He Pro Ser Glu Ala lle Asn Glu Leu Thr 
Asp Gin Ala Arg Glu Leu lie Asn Ser Trp Val Glu Ser Gin Thr Asn Gly lle tle Arg Asn Val Leu Gin Pro Ser Ser Val Asp Ser Gin Thr 


190 200 210 

Val Phe Ala Leu Val Asn Tyr lle PhePhe Lys Gly Lys Trp Glu Arg Pro Phe Glu Val Lys Asp Thr Glu Glu Glu AspPhe His Val AspGin 
Val - - Leu Val Asn Thr xxx xxx xxx Lys Gly Leu Trp Lys Ser Lys Phe Ser Pro Glu Asn Thr Arg Lys Glu Leu Phe Tyr Lys Ala Asp 
Ala Met Val Leu Val Asn Ala ile Val Phe Lys Gly Leu Trp Glu Lys Ala Phe Lys Asp Glu Asp Thr Gin Ala Met Pro Phe Arg Val Thr Glu 


220 230 240 
Val Thr Thr Val Lys Val Pro MetMetLys Arg Leu Gly MetPheAsn Ile Gin His Cys Lys Lys Leu Ser Ser Trp Val LeuLeu MetLys Tyr 
Gly Glu Ser Cys Ser Ala Ser Met Met Tyr Gin Glu Gly Lys Phe Arg - Tyr Arg Arg Val Ala Glu Gly Thr Gin Val Leu Glu Leu Pro Phe 


Gin Glu Ser Lys Pro Val Gin Met Met Tyr Gin tle Gly Leu Phe Arg Val Ala Ser Met Ala Ser Glu Lys Met Lys lle Leu Glu Leu Pro Phe 


250 260 Yy 270 
Leu GiyAS®Ala - Thr Ala lle PhePheLeuProAspGlu Gly Lys - Leu Gin His Leu Glu Asn Glu Leu Thr Mis 


Lys Gly AspAsp lle Thr Met Val Leu lle Leu Pro Lys Pro Glu Lys Ser Leu Ala Lys Val Glu Lys Glu Leu Thr Pro Glu Val Leu Gin Glu 


Ala Ser Gly Thr Met Ser Met Leu Vai Leu Leu Pro Asp Glu Val Ser Gly Leu Glu Gly Leu Glu Ser lie Ile Asn Phe Giu Lys Leu Thr Glu 


280 290 300 

“PReLeuGluAsnGiu - - Asp Arg Arg Ser Ala Ser Leu His Leu Pro Lys Leu Ser tle Thr Gly Thr Tyr AspLeu Lys Ser Val Leu Gly 
Tp LeuAspGluLeu - - Glu Glu Met Met Leu Val Val His Met Pro Arg Phe Arg lle Glu Asp Gly Phe Ser Leu Lys Glu Gix Leu Gix 

Trp Thr Ser Ser Asn Val Met Glu Glu Arg Lys lte Lys Val Tyr Leu Pro Arg Met Lys Met Glu Glu Lys Tyr Asn Leu Thr Ser Val Leu Met 


310 320 330 

GinLeu Gly tle Thr Lys Val PheSer - Asn Gly Ala AspLeu Ser Gly Val Thr Glu Glu Ala Pro - - Leu Lys Leu Ser Lys Ala Vai 

: Asx Met Gly Leu Val Asp Leu Phe Ser Pro Glu Lys Ser Lys Leu Pro Gly lle Val Ala Glu Gly Arg Asp Asp Leu Tyr Val Ser Asp Ala Phe 
Ala Met Gly lie Thr Asp Val Phe Ser - Ser Ser Ala AsnLeu Ser Gly lle Ser Ser Ala - - Glu Ser Leu Lys tle Ser Gin Ala Val 


| 340 Vv 350 | 360 
His Lys Ala Val Leu Thr lle Asp Glu Lys Gly Thr Glu Ala Ala Gly Ala MetPheLeu Glu Ala fle Projlv et Serj lle Pro Pro Giu - Val 

His Lys Ala PheLeu Glu Val Asn Glu Glu Gly Ser Glu Ala Ala Ala Ser Thr Ala Vai Vai lle Ala Gly Arg Ser Leu Asn Pro Asn Arg Val 

His Ala Ala His Ala Glu lle Asn Glu Ala Gly Arg Glu Val Val Gly Ser Ala Glu Ala Gly Val Asp Ala Ala Ser Val Ser Glu Glu - - 


370° | 380 390 
ië Val PhëLeu Met ile Glu Gin Asn Thr Lys Ser Pro LeuPh è Met Gly Lys Val Val Asn Pro Thr Gin Lys 
al Phe lle Arg Glu Val Pro Leu Asn Thr lle le E @ Gly Arg Val Ala Asn Pro Cys Val Lys 


She Cys lle Lys His lle Ala Thr Asn Ala Val LeuPhePhe Gly Arg Cys Val Ser Pro - - 
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Fig. 1 The sequence of human a,~AT aligned with that of human antithrombin-IIl'? and chicken ovalbumin”. Sequence numbers refer 
‘to a4,-AT. The reactive centre Met-Ser 358-359 is boxed; the attachment points of the three oligosaccharide chains at Asn 46, Asn 83 and 

© Asn 247 are encircled, V shows the mutation sites of the S (264 Glu Val) and Z (342 Glu Lys) variants. Residues aligned with the bulky 
aromatic Phe and Trp of ovalbumin are shaded to indicate that structural homology is not confined to a single domain of the molecule, this 
confirms a relationship derived from divergent evolution. Homology of the reactive centre region 358-363 of a,-AT and antithrombin-HI 
-> is illustrated in Fig. 3; ovalbumin retains some homology at this site, although it apparently has no inhibitory function, There has also been 
some conservation in @t-AT of the internal site (244-261) identified in ovalbumin as a hydrophobic signal sequence’', but a,~AT has an 
undoubted N-terminal signal sequence". There are several striking differences as well as the difference in intron numbers and positions. 


= There are three disulphide bonds in antithrombin-IH, one in ovalbumin and none in @;-AT; ovalbumin has a single oligosaccharide group, 


antithrombin-III has. four and a;~AT has three, none of the sites being homologously related. a,-AT has a calculated molecular weight of 


51,000 with a 13% carbohydrate content (isoform I). The sequence of human a,-AT is based on our previously published peptide 
sequences '°27-39 along with recent completion of overlap sequences. The sequence has been checked against that of the unpublished cDNA 


- sequence for human a,~AT (S, L. C. Woo and E. W. Davie, personal communication). Residue Leu 176, and amide assignments 158 and 

= 159, have been made on the basis of the cDNA structure. The only sequence difference is at 213 where we obtain an unequivocal Val but 

< “the cDNA shows an Ala; this may represent a polymorphism. Our sequence gives a consistent Asp~Gly at 116-117 but post-synthetic 
deamidation is known to occur at Asn-Gly sequences**-’° and residue 116 has therefore been assigned as an Asn, as found in the cDNA. 












throughout the sequence. This would be highly improbable ieee 


the similarity were due to convergence. 

The relationship of the two plasma proteins, a,~AT and 
antithrombin-II, is not surprising. Both are serine proteinase 
inhibitors. and both have become specialized to varying degrees 
-as inhibitors of specific enzymes. This is most marked with 

: rombin-III, which is a specific inhibitor of the coagulation 
nases. By comparison, a,-AT is relatively unspecialized 
vill inhibit all serine proteinases including thrombin, its 
most effective target being leukocyte elastase**"*. An examin- 
«ation of the differences between the two inhibitors provides a 
glue as to the process involved in their specialization. Calcula- 
tion. of the evolutionary distance between a,-AT and anti- 
thrombin-III gives a value of 160 accepted point mutations per 
100 residues, which is similar to that between thrombin and 
elastase '*. This similarity suggests that the specialization of the 
inhibitors has occurred in response to, and in concert with, the 
specialization of their target enzymes. 

The alignment of the two sequences provides strong evidence 





... for the positioning of their reactive centres, giving support” 
= forareactive centre in antithrombin-III at Arg 384. The similar- 


ity. between these two proteins is an example of divergent 
~ evolution but, interestingly, the recognition of the sequence of 
«the reactive centre of a,-AT was greatly aided by a set of 
convergent homologies'*. Figure 3 shows the remarkable simi- 
larity between the reactive centres of both proteins and those 
of the unrelated plant proteinase inhibitors. 

Other features of the homology of the proteins are indicated 
in Fig. 1. One point of interest is that the 32-residue N-terminal 
portion of @,-AT, which bears no resemblance to the other 
two proteins'’, is homologous to another plasma proteinase 
inhibitor, a,-antichymotrypsin*’. This has a similar function to 
that of a,-AT as an inhibitor of a leukocyte enzyme, probably 
-cathepsin G? 


Function 

-There is good reason to believe that a,-AT is primarily a 
-defence protein whose function is to protect the tissues against 
attack from released proteolytic enzymes. It is synthesized in 
the liver and secreted into the plasma where it has a half life 
of 6 days*’. As would be expected of a defence protein, it is 
an acute phase reactant and its normal plasma concentration” 

of 1.3 g!°’ can quadruple in response to the general stimulus 
of inflammation or oestrogens. This rise in plasma concentration 
is due to an increased synthesis of a,-AT, particularly of its 
triantennary isoforms” (Fig. 2). The only other inhibitor present 


© in blood in concentrations approaching that of a,-AT is the 


= much larger a,-macroglobulin. Both inhibitors function as sui- 
cidal proteins that are taken up by the cells of the reticuloen- 
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Fig. 2 Microheterogeneity of a@,-~AT has complicated the 
identification of its variants, This figure shows that the normal 
pattern (b, c ) is formed by the superposition of three isoforms 
(d, e, f). The isoforms differ in the degree of branching of their 
_- oligosaccharide groups and consequently in the number of their 
“negatively charged sialic acids. Isoform I (d) has all biantennary 
chains and isoforms II (e) and III (f) have one and two, respec- 





peer ively, of these replaced by triantennary chains. The pattern is 


complicated by a subsidiary heterogeneity seen in each isoform 
that is explicable by known minor post-secretory changes in 
primary structure. A shift to increased production of isoforms H 
and HI during inflammation results in an increased proportion of 
-bands 2 and 4 (a). (Reproduced with permission from ref. 38.) 
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Human a,AT (Elastase) ... Met Ser lle. 
Human AT-Ill (Thrombin) Arg Ser Leu As 


Soybean (Trypsin) 
Garden Bean (Elastase) 
Lima Bean (Trypsin) 


Ala Ser lie Pro Pro Gh 
Lys Ser ile Pro Pro { 
































































Fig.3 The reactive centres of a;-AT and antithrombin- Tit bear 
a striking similarity to those of the much smaller and unrelated 
plant proteinase inhibitors *. The P, residue reflects the specificity 
of the target enzyme. Elastase preferentially cleaves at ‘small 
hydrophobic residues such as alanine (as in the garden bean 
inhibitor) and valine. Methionine is found in some other inhibito 
of elastase;'* it probably confers a wider specificity but also its: 
lability may be of advantage i in allowing the deactivation of | the 

inhibitor. z 





dothelial system once they have formed complexes with thei 
target proteinases”. 

The evidence that the prime target of a,-AT is leukocyte 
elastase is circumstantial but persuasive. The strongest evidence. 
is the consequences of deficiency; the major effect is a progress-. 
ive loss of elasticity in the lung, a loss that can be mimicked i in ie 
model systems by the administration of elastase aerosols’. 
Secondary evidence is provided by the measurement of the. : 
association rate constants of a,-AT with a range of pro- ~ 
teinases*’. These give a decreasing order with: leukocyte elas- 
tase > chymotrypsin > cathepsin G > anionic trypsin > cationic © 
trypsin > plasmin > thrombin. These association rate constants < 
together with clinical and in vivo experimental observations — 
indicate that a,-AT is a physiologically effective inhibitor of 
leukocyte elastase*’*’ but a relatively ineffective inhibitor of 
trypsin, plasmin and thrombin. 

An initially puzzling aspect of the role of a,-AT asa specific i} 
inhibitor of elastase is the occurrence of methionine at its 
reactive centre. Methionine in a Pro-Met sequence will provide a 

a susceptible point for cleavage by elastase but valine or- 
ating would seem to be a better and more specific choice. 
Furthermore, methionine has the apparent disadvantage of 
being readily oxidized to its sulphoxide which is polar and does _ 
not provide a favourable proteolytic cleavage site for elas- 
tase**“*, Consequently, a,—AT is readily inactivated by oxidiz- |. - 
ing agents such as the oxygen radicals released by = 
phagocytes**“*, However, a mechanism can be proposed in: — 
which this lability may provide a self-regulatory contribution. 
to the process of inflammation. 

Consider the formation of an abscess around a small foreign 
particle. An aggregation of leukocytes occurs to surround the 
particle and perform two separate functions—a discharge of =- 
bactericidal oxygen radicals and a release of granulocytic en- > 
zymes, including“ elastase and cathepsin G. These enzymes © 
facilitate the breakdown of adjacent connective tissue to give © 
an area of liquefaction which isolates the foreign body in readi- < 
ness for ejection. The spread of this liquefactive process by | 
diffusion of the enzymes will be constrained by tissue proteinase 
inhibitors, predominantly a,-AT. This will limit tissue break- 
down at the periphery of the inflammation, but allow it to occur 
at the focus of activity where a,-AT will itself be inhibited by 
released oxygen free radicals. In this way the lability of the 
methionine at the reactive centre of a,-AT could be advan- 
tageous, if it allowed the inhibition to be switched off at the 
focus of inflammation but continued to provide protection for 
outlying tissue. 

However, the lability of a,-AT to oxidation will be distinctly 
disadvantageous in exposed situations such as occur in the fluids 
lining the respiratory tract. The elastic tissue of the lung is 
protected from surface attack primarily by two inhibitors: 
human bronchial inhibitor which predominates in the fluid 
lining the upper respiratory tract**4! and a,-AT which pre- 
dominates in the lower respiratory tract’***". Normally there 
is ample inhibitory capacity but the defences of the lowe 
respiratory tract, because they depend on a,—AT, are vu 
able to combined oxidative and elastolytic attack, as is be 
to occur as a consequence of heavy cigarette smoking“ 








polymorphisms of a,-AT. The protein is encoded by two 
independent alleles at a single locus, resulting in autosomal 
-codominant inheritance. The variants are classified alphabeti- 
~~ cally by the Pi (proteinase inhibitor) nomenclature’, in terms 
__ of their electrophoretic mobility at pH 4.9. For example, PiBB 
_ is the homozygote for an anodal variant and PiZZ for a cathodal 
-~ variant, with PiMM representing the homozygote for the nor- 
_ mal M allele. | 
The variants of particular interest are the common Z and $ 
` mutants which are associated with plasma deficiency; the prod- 
_ uct of the Z allele gives concentrations equivalent to 15% of 
< that of the normal M allele, whereas the product of the S allele 
= gives concentrations of 60% of the normal allele*’. Mixed 
heterozygotes, for example MZ, MS and SZ, will give propor- 
-> tionately altered plasma levels. The genotypes with a deficiency 
-< sufficient to pose a definite risk to health are: PIZZ (15% of 
normal concentration), PiSZ (35% of normal) and combina- 
tions with the unusual null (—) gene, for example, PiZ— (8% 
of normal), 

The structural abnormalities of the Z and S variants have 
been characterized’. Both have single amino acid substitu- 
¿tions (Fig. 1) that have presumably arisen from single base 
mutations in the gene DNA. Otherwise the plasma forms of 
the two variants resemble the normal M protein; they have a 
similar half life in the circulation”, normal inhibitory capacity 
and a similar carbohydrate composition. The Z protein, 
however, is something of an exception in that it is only partially 
secreted, and a considerable amount of the protein accumulates 

fee at the site of synthesis in the endoplasmic reticulum of the liver 
- cells”. 
A summary of the findings of various populations surveys? 
shows that the $ and Z variants are polymorphisms essentially 
confined to individuals of European descent. On average, some 
3% of Europeans are carriers of the Z mutant (PiMZ) and 
some 7% are carriers of the S$ gene (PIMS). The frequency of 
the Z gene is somewhat higher in Northern Europeans and 
conversely that of the $ gene is somewhat higher in Southern 
Europeans. About 1 in 1,000 Northern Europeans will have 
the PiZZ or PiSZ genotypes associated with severe deficiency 
of a,-~AT°’. The relative confinement of these polymorphisms 
to the European is a puzzle. Both of the deficiency genes pose 
a real threat to health and there must be some balancing 
advantage to explain their survival at this frequency. 
Deficiency and disease: Abnormal phenotypes of a,—-AT have 
been associated with a number of diseases™ including renal 
disease, arthritis and malignancies. However, the two strongest 
associations are with lung and liver disease; 60% of those with 
severe deficiency will die of lung disease and 14% of those with 
the ZZ deficiency will die of liver disease. Two separate 
features need to be considered regarding the pathology of these 
¿> diseases in a,-AT deficiency. These are the liver accumulation 
. Of the variant and the low plasma concentrations of inhibitor. 
< The accumulation of a,-AT in the hepatocytes occurs only 
with those variants whose defect is assumed to be one of 
a secretion, the Z variant being by far the most common 
example”. The Z protein that accumulates in the liver 
` apparently has the same polypeptide structure”® as the circulat- 
- ing Z protein, but its carbohydrate side chains are immature, 
-with -a high mannose content and no sialic acid***’, This is 
- compatible with the deficiency of the Z protein being due toa 
< partial block in processing of the polypeptide, with some of the 
` material proceeding to completion and subsequent secretion in 
~ the plasma whilst the remainder is stopped in its passage through 
_ the secretory pathway at the stage of partial glycosylation®. The 
accumulation takes the form of intracellular amorphous aggre- 
< gations of a~AT that can be demonstrated microscopically as 
-occasional deposits in the PiMZ liver and as massive deposits 
-in the PiZZ liver (Fig. 4). 
Liver disease is most apparent i in the PiZZ newborn, where 
it occurs as a hepatitis with a wide variation in severity™*. Some 

























Senetic variation: There. are rer well establisfied cae some 7% Sy an a severe SEN jaundice, and a smaller 





proportion go on to develop a fatal juvenile cirrhosis. The 
reason for this variation in severity is not known; there are 
probably a number of contributory factors, such as hormonal 
influences, since boys are more affected than girls, and genetic 
influences, since a familial predisposition seems to be in- 
volved**. Although the childhood cirrhosis is the most obvious 
and tragic form of the liver disease there is also an independent 
and substantial risk of developing cirrhosis in adult life. This 
increases with age to give cirrhosis levels near 20% in PiZZ 
individuals above the age® of 50. The pathophysiology of this 
liver disease is not understood. It is almost certainly related to 
the accumulation of a,-AT in the hepatocyte rather than the 
associated plasma deficiency, because it only occurs in associ- 
ation with those variants that produce inclusions” and not with 
those, such as the S variant, that give an isolated plasma 
deficiency. 

However, there is no doubt that the lung disease is a direct 
consequence of low plasma levels of a@,~AT. This conclusion 
is supported by a large body of evidence, both observational 
and experimental, that has been reviewed elsewhere®’. It all 
indicates that the loss of lung elasticity that occurs in severe 
a,-AT deficiency represents the summation of cumulative pro- 
teolytic damage. The end point of this loss of elasticity is the 
development of the irreversible lung disease, emphysema. This 
is a common disease and only some 1-2% of cases are due to 
a genetic deficiency of a,-AT; however, the recognition of this 
relationship has opened up an understanding of the 
pathogenesis of emphysema in general as being due to a ‘pro- 
tease~antiprotease’ imbalance’” 

The most common cause of emphysema is heavy cigarette 
smoking. Exposure of the lungs to tobacco smoke causes a 
considerable increase in the population of a phagocytic cell 
peculiar to the lung, the pulmonary alveolar macrophage®’ 
The numbers of these in the lung increase up to 10-fold or 
more in proportion to the number of cigarettes smoked. The 
macrophages change in character and become activated to give 
increased proteolytic activity along with the secretion of a 
chemotactic factor that attracts leukocytes to the lungs’. This 
leads to a considerable change in the phagocytic population of 
the lung with a large increase in the elastolytic load; There is 
also an accompanying diminution of proteinase inhibitory 
capacity, due to an inactivation of inhibitor rather than a 
deficiency**. Normal amounts of a@,~AT are present in bronchial 
washings but its inhibitory capacity is almost halved*®. Some 
of this loss may be due to direct oxidation of the reactive 
methionine of a,;—-AT by cigarette smoke” but the main source 
of oxidation is almost certainly macrophage and leukocyte 
oxygen radicals*®®', The conclusion is that a combination of 
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Fig. 4 Electron micrograph (x 26,500) of a liver cell showing 
the accumulation of Z variant a,;-AT in the rough endoplasmic 
reticulum. The position of the inclusions and their composition 
are compatible with a blockage occurring at the stage of final 
processing of the oligosaccharide side-chains. These inclusions are 
clearly visible by light microscopy and can be specifically 
identified’ with fluorescent antibody to a,—-AT. 











-Jower tract the development of 
emphysema” 
~The: heavy cigarette smoker with homozygous a,-AT 
deficiency is in double jeopardy and faces the likelihood of 
a ling emphysema before the age of 40 years’ with a 20-year 
se in. survival time as compared with the non-smoking 
gote*. This situation illustrates the interaction that 
between environmental and genetic factors. On the one 
. hand there is the risk posed by macrophage stimulation due to 
<- smoking and air pollution; on the other, there is a whole range 


of genetic deficiencies of the proteinase inhibitor. For example, 


respiratory 
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an intermediate deficiency such as PiSZ may be compatible | 


with a fully active life for the non-smoking office worker’, 
whereas it can result in premature emphysema in a heavily- 
smoking industrial worker. Fortunately, the common heterozy- 
gous genotypes, PIMS and PiMZ, pose no real threat to respira- 
tory health®*®*. 

< -Molecular pathology: There is now no doubt that the common 
= Z and S deficiencies of a,-AT are due to single amino acid 
` substitutions in its polypeptide chain. Independent analyses of 
plasma samples from several unrelated individuals have shown 
the change in structure in the S variant to be the replacement 
_of glutamic acid by valine at position 264 and in the Z variant 
the replacement of glutamic acid by lysine at position 
342 18,50~52, OP. 

In the absence of crystallographic data, the structural 
relationship of the two glutamic acids is unknown but an indica- 
tion of their importance: is their conservation in all the 
homologous proteins, including ovalbumin. The glutamic acid 
replaced in the S protein is in a predicted a -helical region’ and 
in this way it resembles the mutation of the coincidentally 


named haemoglobin S. Both involve the introduction of a valine 


‘on the hydrophilic aspect of a helical region, the effect of which 
_ will be to favour intermolecular aggregation. Support for this 
is seen in the decreased stability of the S variant of a,-AT“. 
= This decrease in stability suggests that deficiency may be due 
to increased breakdown, although no gross difference has been 
detected between the half life of the S and that of the normal 
M protein**®. The S protein does not. accumulate in the liver 
and the problem is not apparently that of a failure of secretion, 
nor is it likely that a mutation of this type would affect transla- 
tion rates. It is likely that the presence of the substituted valine 
results in incorrect folding of the nascent protein resulting in 
intracellular degradation and hence an apparent decrease in 
synthesis’. 
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inhibitor activity results in an attack on the elastic tissue of the 


- 32, Leicht, M. et al. Nature 297, 655-659.(1982), 


The Z mutation presumably acts in a different way 
a partial blockage in the processing of the protein: The se 
of the protein excludes some of the previously — S 
mechanisms, that is, that the mutation might directly interfe 
with pre- or prope ptide cleavage or with an oligosac 
attachment site’*’°’. However, the sequence is of little hi 
suggesting alternative mechanisms. The mutation 
occurred in a non-helical region but it must cause a perturt 
in structure as the Z antitrypsin, like the S, has decre: ; 
vitro heat stability. The failure in processing of the polypeptide : 
could be a consequence of this perturbation in structure; 
alternatively, it has been proposed” that it could be due to a 
misreading of the new Lys—Lys sequence 342-343 as a process- 
ing signal. No experimental evidence is available to support, 
eitħer proposal. 


































Conclusion 


Knowledge of the structure of a,-AT with other available. 
information provides at least a partial outline of the pathophy- 
siology of the function and dysfunction of the protein, In par- 
ticular, it supports the previously proposed concept“? that 
the emphysema associated with both a,-AT deficiency and” 
cigarette smoking is due to a protease—antiprotease imbalance. — 
This understanding of the pathogenesis of the lung disease 
provides the basis for the design of therapy either by anti- 
proteinase replacement or alternatively, by macrophage inhibi-. 
tion. One approach to replacement therapy is the development __ 
of low molecular weight analogues of the reactive centre of. 
a,-AT**. A more radical approach will be the use of recom- 
binant DNA techniques to give a substitution of the reactive - 
centre methionine to decrease lability and increase specificity. 
for elastase. But the most useful therapy that follows from 
knowledge of the pathogenesis of the lung disease is the concise 
and effective counsel that can be given to the PiZZ individual: le 
Don’t smoke! Le 

The detection of homozygous deficiency at birth is technically H 
and logistically a simple task.” The problem is to devise a 
means of contacting affected individuals at adolescence, at a 
time when they can elect not to smoke and thus have a reason- 
able chance of a full and active life. 
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moment Jo=3.6X 10°° 


L 0,994 (+£0.012) is thus obtained. 


“ONE of the most important tests of theories. of gravitation 
< concerns the rates of precession of planetary orbits. In the fully 
~ conservative parameterized post-newtonian (PPN) formalism, 

„for example, the predicted advance Ady per orbital period of 
_a planetary orbit with semi-major axis a and eccentricity e, 
- after correcting for perturbations due to the other planets, is 
67GMA,/[a(1—e7)c’], where 


2 22 
E; 
GMa =e? 


<< Here M and R are the mass and radius of the Sun, G is the 
< gravitational constant, c is the speed of light, and 8 and y are 
Eddington-Robertson parameters of the PPN formalism”. In 
general relativity, for example, 8 =1 and y=1, and hence 
 -3(2-68+2y)=1. The parameter J, measures the quadrupole 
-| moment of the Sun’s gravitation field, normally presumed to 
arise from centrifugal distortion. It is defined such that the solar 
-= component of the gravitational potential outside the Sun, refer- 
. red to spherical polar coordinates (r, 8, @) with respect to the 
= Sun’s rotation axis, is 


2 
= H, — Ja (=) P(cos 6) (2) 


r 


A, =3(2-B +2y)+ (1) 





where Pisa Legendre function of second degree. Equation 
) was derived assuming the Sun’s rotation axis to be perpen- 
cular to the plane of the planetary orbit. The correction that 
should be made to account for the small tilt that exists is 
„insignificant. 
< Since the contributions to Ady from the quadrupole com- 
ponent of ® and from the deviations from newtonian gravitation 
: depend differently. on a(1—e”), one should in principle be able 
to determine }(2—@8+2y) and J, separately by combining 
‘Observations of different planets. However, it has not been 
: possible to do this, because the planetary precession rates are 
not yet: known with adequate precision’. An independent 
measurement of J- is therefore required. 
Attempts have been made to infer J, from the shape of the 
visible solar disk. The method relies on equating the oblateness 
Sof the disk with that of the abate niga after 
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` The internal angular velocity of the Sun is estimated from observations of apparent rotational splitting of low-order 
` low-degree global oscillations detected in fluctuations in the limb-darkening function. A sidereal rotation of 3 wHz is 
Inferred for the deep interior; this is more than six times greater than the equatorial rotation frequency of the photosphere. 
The inferred angular velocity distribution does not vary strongly with latitude, and yields a gravitational quadrupole 
. When combined with the results of planetary radar observations to determine (2 —B + 2y)/3, 
a combination of Eddington-Robertson post-newtonian parameters which in general relativity is unity, a value of about 





This yields J, = ŠE, It is interesting that modern observations 
have yielded quite different values: Dicke and Goldenberg? 
obtained 


SE = (24.7+2.3)x 10 (3) 
whereas Hill and Stebbins? obtained 
2E = (1.0+4.3)x 10° (4) 


The discrepancy has not been explained. Note, however, that 
the two measurements utilized different properties of the 
intensity distribution near the limb of the Sun, and that alone 
might prove to be the cause. Evidently one cannot infer Jy until 
the discrepancy has been understood. | 

For the orbit of Mercury, equation (1) yields 


= (2-8 +2y)+2.96x 10°J; (5) 


Shapiro et al.°, using radar measurements of the distance to 
Mercury, found 


A, = 1.003 +.0.005 (6) 
A similar analysis by Anderson et al? gave 
p= 1.007+ 0.005 (7) 


Shapiro et al. took J; to be equal to the value one calculates 
assuming the Sun to be rotating uniformly, which is 2x107 if 
the surface equatorial angular velocity i is used, and thus arrived 
at a value for }(2-8+2y). It is evident from the uncertainty 
suggested by the difference between equations (3) and (4) that 
the passage from A, to the PPN parameters is premature. 

The limitations imposed by the uncertainty in J, on the 
accuracy to which the precession data test theories: of gravity 
has led to other proposals for probing the solar gravitational 
field. One method is to take advantage of the high eccentricity 
of Mercury’s orbit.to search for different periodic orbital vari- 
ations. This would require tracking a spacecraft in orbit around 
Mercury. According to Anderson et al.’ a precision of a few 
parts in 10’ should be possible. Another suggestion is to track 
a spacecraft that passes by the Sun within a few solar radii”. 
Similar precision might be possible, though it could be affected 
by perturbations i in ® associated with long-period solar oscilla- 
tions’, especially if J, were as small as 2x 107’, Preliminary 
calculations”?° suggest that J, could be measured to an accuracy 
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cee ‘Fig. i Rotational splitting kernels RK,, for the seven modes 
<o listed in Table 1. The dotted curve (to which the right-hand 
ordinate scale refers) is an average of the six kernels with /= 1 
and 1 = 2 and frequencies closest to 2.5, 3.3 and 4.1 wHz. This is 
‘representative of the 5-min modes observed by Claverie er al.””. 


of a part in 10° if the spacecraft were in a bound orbit around 
the Sun. 

The discovery of global solar oscillation by Hill and his 
collaborators’, Severny et al.'* and Brookes etal. raised the 
possibility that the deep interior of the Sun could be measured 
more directly than had previously been possible"*, In particular, 
rotational splitting of otherwise degenerate nonaxisymmetrical 
modes provides averages of the angular velocity Q. Different 

_ modes weight Q differently, and with a sufficient variety one 
=c ¢an go some way towards determining the variation of Q with 
¿` position. I report here an attempt to estimate 0 from recent 
‘observations. This yields a preliminary rough estimate of the 

- Sun’s angular momentum, the rotational kinetic energy and J}. 


Properties of rotational splitting 


Slow rotation causes nonaxisymmetrical standing wave patterns 
to precess about the rotation axis of the Sun. This i is manifest — 


Pe Ato 
Multiplet linin (Hz) (Hz) 
1 6 256.54 2.875 +0.008 
a 8 260.38 2.902 +0.006 
PD 6 427.97 2.888 + 0.008 
- 4 6 471.10 0.96+ 0.02 
5 7 498.12 0.85 +0.02 
= 6 10 592.65 0.74 +0.01 
ri 4 773,94 1.29+0.01 


p - The theoretical eigenfrequencies v, are the frequencies Vy , extrapolated from the frequencies VA, vp of models A and B of ref. 30 wiith ) Ve a 
: The corresponding frequencies of f{{ = 32) and p2(/= 10) are 588.5 and 780.1 Hz. Aside from possible errors in identification, the freque j 
ve of the central components of the observed multiplets have standard error 0.07 Hz. The r.m.s. difference between vn and ve is 13 pe 
the observed mean splitting, and o is, according to Hill’*; a conservative estimate of the variation of the splitting with m. The last i 

numerically equal to the mean value of Qy, weighted by the appropriate kernel K nt illustrated in Fig. 1. 


- Thus, since B, and K,,; are independent of m, the frequencies 


g limb have been recorded by Bos and Hill”? 


Table A. Rotationally split multiplets and the modes with which they have been identified 






as a a splitting of the degeneracy i in frequency with 
the angular order m of the modes'*"* (that is to say 
m of the spherical harmonic that factors from t 
tions). The splitting is an average of the angular veloc 
ted by a kernel that depends on the eigenfuncti of 
of the nonrotating star. That kernel, which can. be 
directly from the variational principle of Lynden- 
Ostriker’’, is discussed in refs 18-20. Here I assume t 
solar angular velocity Q ean be approximated by Ok, he 
O(r, 6) = No(r) — Nír} cos’ 6 and k is a constant unit vecto 
that case the cyclic frequency v = Vaim Of a mode of order n and 
degree /, with respect to an inertial frame of reference, is well 
approximated by vuit Vim, Where vu is the corresponding 
frequency when 0 = 0, and. 


e | 
piin =z "f a{((e—n)* + [1 +1) ~2In Het 
[Omi n? +U +1- -Tm nl an: 


-an E Ku(r)Qo(r) dr ~ Baim [x | Keim (r)a (r) 2 ; 


















































A= | pIE +I + 1n]? dr 


Teh [wer iP du 


é and n, which depend on n and / but not on m, are measures 
of the radial and horizontal: components of the adiabatic dis- 
placement eigenfunction ôr, defined in spherical polar coordin- j 
ates by 






Qin = 5(21 T? 1) 

































érir, t) = Re | | EPr (cos an on abi (cos 6) 


imn (r) cosec 6 Pr (cos @)| exp(ime@ —2rrivt)| ot (12) 


Př is the associated Legendre function of the first kind, p is 
the equilibrium density of the Sun (which may be calculated | 
ignoring the centrifugal distortion) and £t is the time. The 
coefficients Qim can be expressed in terms of Gaunt integrals, 
which can be computed from the tables of Scott”. The factors. 
Bn and Bnuim are defined ‘such that the kernels Kn and Kim are 
unimodular (that is, their integrals are unity). Thus, if O and. - 
N, were constant, the rotational perturbation vnm to the eigen- — 
frequency would be (m/2r Bu Qo — Baten D1). Bok 

If the latitudinal variation of Q in the solar interior is no 
greater than the variation observed in the photosphere, then 
for p modes and low-order g modes of low degree, the second 
integral in equation (9) is considerably. smaller than the. first. 


corresponding to the 24+ 1 PORE values of m are approxi 
mately uniformly spaced. : 


Observations of apparent rotational splitting 


Oscillations of the radial variation. of intensity near the solar 
- Measurements w ; 




















Bni (A tolam) 


Val 


Mode (Hz) (Hz) 
g7(1 = 6) 258.8 2.945 
goll = 8) 260.9 2.948 

f(l=6) 425.6 2.958 
pil = 6) -o 495.4 1.07 
pil= 7 -518.7 0.94 
pill = 10) : 584.6 08i- 
pall =4) 759.2 1. 39 
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a Fig. 2 Averages Wir) of Qao computed by the Backus—Gilbert 
optimal averaging procedure. Averaging kernels D with F< 
-Q.12R cannot be constructed from the data kernels in Fig. 1, so 
W has been extrapolated to the origin with a cubic curve (dotted) 
that approximates W in the range 0.12 <r/R <0.2. Since ¥ and 
-F are both small near the origin (see Fig. 4), H, T, and J, are 

"insensitive to the extrapolation procedure. The dashed line is the 
aT half-width 6 of the averaging kernel D. 


> made simultaneously at three pairs of diametrically opposed 
locations, distributed symmetrically about the equator, and 
> from them six functionals ¢(f) of the limb-darkening function 
== were constructed. For this discussion it does not matter how 
«the functionals y; are defined. It is necessary only to accept that 
. their variation is produced by the ensemble of normal modes 
of oscillation of the Sun, whose frequencies are thus indicated 
-by peaks in the power spectra of %;. The solar origin of the 
_ © Signal is argued in refs 22, 23. 
- Observations of mean duration 9.3 h have been made on 18 
= days during a 41-day period’’. Fourier transforms of u(t) were 
< computed, and from linear combinations of them power spectra 
of components of the oscillations satisfying certain symmetry 
relations could be isolated. For example, the power spectrum 
- of Ef, yi contains contributions from only those modes with 
< even land even m. Part of that spectrum is shown in ref. 22. 
< Aliasing aside, the frequency resolution is 1/(41 day) = 
of 0.28 wHz. 
_ «In the hope that the influence of the latitudinal variation of 
~ Qon the splitting would be small, sequences of uniformly spaced 
“peaks in the spectra were sought. Some care was taken to 
account for the side-bands imposed by the window function, 
“but a systematic attempt to remove them was not made. To be 
<. acceptable, the spacing between the centres of the peaks was 
‘required to be uniform to 0.07 pHz. It is prudent to apply so 
‘Stringent a condition, at least in a preliminary analysis, to guard 
‘against misinterpreting accidental sequences of peaks in the 
densely populated spectra. Seven sequences have been found. 
‘heir median frequencies v., the mean frequency separations 
vand lower bounds lain to l, inferred from the number of peaks 
the sequences, were announced recently by Hill“ and are 
eproduced in Table 1. For this investigation, I shall assume, 
vith Hill, that these are sequences of rotationally split eigen- 
requencies, and ask what that implies. 
Before. this analysis of the power spectrum, evidence of a 
‘mean rotational splitting of 0.75 pHz synodic in the low-degree 
5-min oscillations was discovered by Claverie et al.”*. The data 
: difficult to interpret because 2/ +1 components appear in 
he spectrum, whereas, owing to the symmetry of observing 
hnique, only [+ 1 of the modes of degree / should be visible. 
saak”® has uggested th jät the extra components are accounted 
an inte g magnetic field in the core of the Sun, 
a tye Dike a to agen the 12.2-day 











that the. coupling modifies the aes PE to belie 





a the ‘apparent splitting t 


seventh-degree polynomial in z with Q(R) = Qs that satisfies the. split- 


that. arises directly fr | 
fore a detailed account of the analysis that incl 
modes will not be presented. 
Identification of the modes 
Tentative identifications were made by selecting those modes 
of the standard {nonrotating) solar model A of Christensen- 
Dalsgaard et al.” with / approximately equal to but not less 
than /min whose frequencies are closest to the median frequen- 
cies of the groups of modes observed. It was borne in mind 
that if lan underestimates /, as a result of failure to detect or 
recognize modes with |m|= 1, the median frequency may differ 
from the frequency vwo by an integral multiple of the frequency 
separation A. The identifications are listed in Table 1. In all 
cases Í = livin. 

It is important to realize that there is considerable uncertainty 
in the identification. This is true particularly of the multiplets 
1-3 and multiplets 6 and 7. In the middle range there is less 
scope for error because the eigenfrequencies are more sparsely 
distributed. 


Splitting kernels 


Kernels K,,,(r) are illustrated in Fig. 1 for the modes listed in 
Table 1. It is a property of all these modes that for given n and 
l the kernels Kum are nearly the same as K,,;. Therefore the 
kernels K„ım are not displayed. This property also characterizes 
those other modes that might have been identified with the 
observed oscillations, and arises because the motion is nearly 
vertical wherever the amplitude of the mode is large. 

It is immediately evident from Fig. 1 that the low-frequency 
modes sample mainly the rotation of the core, and the high- 
frequency modes the rotation near the surface. The greater 
values of A associated with the lower frequencies indicates 
immediately that the Sun’s core is rotating more rapidly than 
the photosphere. 


Latitudinal variation of Q 


Because, for the modes under consideration, /(/ + 1)? is rather 
smaller than €*, and Kym ~ Ku, the splitting formulae (8), (9) 
may be approximated Y 


Vv him ™ 5 Bu Qo~ 










































Qin 1) (13) 





Table 2 Properties of estimates of 0 





Estimate H T Ja ÜA 
1 5.0 28.7 3.6x10°° 0.07 
2 4.8 23.8 3.8x10°° 0.01 
3 5.3 31.5 4.3x107° 0 
4 5.9 37.4 $.4x 10° 0.04 
5 5.4 31.3 4.1x10° 0.02 
6 4.4 27.9 4.5x10°° Q 
7 1.0 3.8 1.4x10°° 0 





Estimate 1 is the result of the Backus—Gilbert inversion shown in 
Fig. 1. Estimates 2-5 are the curves 1-4 in Fig. 2. Estimate 6 is th 


ting constraints (14) exactly. Estimate 7 is the function (h that mimm- 
izes Jz and satisfies Qo(R)= Ns and the splitting constraints (14). For 
any value J above the minimum J; there are infinitely many functions 
Ar) satisfying J2 =J, the outer boundary condition and the splitting 
constraints (14). The entries oa are r.m.s. differences between A and | 
the frequency splitting predicted by No, measured in units of the 
observed splitting A. The. angular momentum H and the rotational 
kinetic energy T are measured in units of T Os and iy Ng respectively, 
where Z ~ 0.068MR’° is the moment of i inertia of the extrapolated solar 
model about an axis through the centre. If the rotational splitting of 
low-degree 5-min modes claimed by Claverie et al.” is added to the 
data, the values of 10°7, for the seven estimates of O listed above are 
2.3, 2.1, 3.4, 2.9, 2.8, 14.4 and 1.4 respectively, In this case estimate 
6 is the eighth-degree polynomial that satisfies the constraints. If the 
last two modes in Table 1 are replaced by fil = 32) and pal = 10), 
whose splitting kernels are somewhat more concentrated near the 
surface, the corresponding values of 10°, are 3.6, 2.1, 5.1, 5.9, 4. 2 
438.4 and 1.2 when the 5-min datum is ignored, and 2.4, 1.7, 4.9, 2.9, 
2.9, 790.3 and 1.2 when the 5-min datum is included. 























































ed Pet he 


1.0 


ATTER 












0 02 0.4 0.6 


r/R 

oe Fig. 3 Some possible rotation curves Ny that are compatible with 

cc the data. Curve 1 is a fourth-degree polynomial and curve 2 

-o minimizes the mean square gradient of Ny». Curves 3 and 4 vary 
inversely with r? for r>r,.; for r <r, curve 3 is constant whereas 
curve 4 is proportional to 1-a(r/R)”. In each case the free 
parameters were chosen to fit to the constraints (14) by least 
squares, subject to curve 4 being continuous. Curve 2 satisfies 
(14) exactly. The data in Table 1 cannot distinguish between these 

curves. 


where the overbar denotes the mean with weight K,,. Thus 
from any observed nonuniformity in the splitting an estimate 
of 0/05 may be obtained. 

-- Nortuniformity in the splitting has several origins. Aside from 
observational error and differential rotation, the most likely 

-source is a magnetic field. This can be distinguished from 
rotational splitting by a difference of symmetry. If, for example, 
V nim is the magnetic perturbation to frequency due to an axisym- 
metrical field, then Unt—m) = = phim, Whereas iim) = —Vhim. This 
result holds even when the axis of symmetry does not coincide 
with the rotation axis, provided vnm 18 less than the width of 
the lines in the power spectrum. With sufficiently accurate data 
the two contributions could be separated. 

It is a consequence of the different symmetries that v pım and 
vy‘, cannot cancel for all m. Therefore the deviations a from 
uniférm splitting listed in Table 1 can be used to estimate an 
upper bound to ®,. The standard deviation of the rotational 
contribution to the nonuniformity in the splitting can be com- 
puted easily from the approximation (13), If all detectable 
modes are present, the result, expressed in units of the mean 
splitting, varies monotonically from 0.321,/Q> to 0. 400,/M 
_as | varies from 4 to 10. 

Consider first multiplets 4-7 in Table 1, whose kernels are 
concentrated near the surface of the Sun. The mean o-is about 


0,015 of the mean splitting, which. implies, if the modes have | 
0.04. This is to be com- — 
pared with the differential rotation in the photosphere, which | 


been identified correctly, that 0,/ Ñs 


satisfies Q (R )/ N(R) = .0.2. The result implies either that the 

6-dependence of 2 is confined to a boundary layer about 0.05R 

deep, or that ©, changes sign, so that at the base of the 

convection zone the rotation is faster at the poles than at the 
equator. 

| Note that among the surface miodes, multiplets 6 and 7 are 

the more concentrated near the surface. Therefore one would 







apparently not the case. Aside from the possibility that the 


-the magnetic field increases with depth or that the modes have 
been incorrectly identified. According to equation (13), nonuni- 


-.. formity in the splitting increases as m increases, so it is quite 
conceivable that the components with the greatest values of m- 
have not been recognized. The multiplet 6 could be a high- — 


xpect their rotational splitting to be the less uniform, which — 


lata have been wrongly interpreted, this suggests either that í 






degree f Idg ae as p (= - 32), aid 1 imultiplet 7 could b 
pall = 10). It is unlikely that multiplet 6 is a high-degree g mode, | 
even though there are such modes with appropriate frequencies, 
because these modes are likely to be severely. trapped. beneat 
the convection zone and hence be unobservable”, 

Multiplets 1-3 in Table 1 are concentrated in. the core. 
high degree of uniformity observed in the splitting implies t | 
the core’s rotation is nearly uniform on spheres. The limits s 
by o yield 0,/Oo< 7x 107°. They also set limits on the magnetic 
field in the core. If a field of structure similar to that adopted 
by Dicke” is assumed, the mean field intensity is bounded. 
above by about 3x 10*G. gk 

















Radial variation. of Q 


Because the contribution to rhim from ©, is small, I shall neglect 
it. Then the mean observed splittings A listed in Table 1 yield 
seven differently weighted averages of Qo. These are | : 


A RK, (r)Qo(r) d(r/R) = Bui (2rA +w) as 


where w, is the orbital angular velocity of the Earth. The values 
of these averages are listed in Table 1. 

Provided the data are not mutually inconsistent, inversion of : 
equations (14) to obtain a plausible estimate of Qo is possible, 
but not unique. Nonuniqueness arises partly because there are 
only a finite number of averages to constrain the function. 
Therefore one must adopt some criterion for preference. Here 
I follow an optimal averaging procedure of Backus and 
Gilbert”. For each value rọ of r one attempts to construct a ~ 
linear combination D(r, ro) =F @a(To)Knu(r) of the data kernels 
K. in such a way that D is concentrated near ry. The @,,; are 
normalized to make D unimodular. The average WF) of Oo” 
weighted with the new kernel D is simply $ aBa QrA+o,). 
Here 7 is the median of D. If the attempt to concentrate D 
was successful, then D resembles a delta function, and one may - 
safely set No(r) = W(r). If D is not well concentrated, one may 
still adopt W(r) as the least biased estimate of Qo{r), but one - 
must bear in mind that structure on a scale smaller than the 
width of D cannot be resolved, Thus the function W is likely 
to be smoother than No. Moreover, it does nöt satisfy the ~ 
constraints (14) precisely. Note, however, that W is an invariant — 
property of data, in the sense that all functions o(r) that satisfy z 
the constraints (14) have the same averages W (F) when weigh- 
ted with the averaging kernels D. 

The Backüs-Gilbert inversion procedure has been applied 
to the data listed in Table 1. In so doing, a further constraint 
of the form (14) was added, with a data kernel that is a delta 
function at r=R and a right-hand side equal to 27/(25.4 
days) = 2.86 10° s"'=s. This device ensures that 1(R)= 
Ns. The function W(r) is shown in Fig. 2. = 

To give an idea of the extent of the averaging, the half- width i 
ô of D, defined as ra —r, where 
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Fig.4 The moment of inertia kernel # and the oblateness kernel 2 
F, extrapolated linearly from the corresponding kernels of models 
A and B of ref. 30 as in equation (17) with A = 1.26. # is measu; 
in units of the moment of inertia L, and F is measured it in u 
of Ns : 



















































centre and the surface, but are very broad in the mid-range. 
This is not surprising, as none of the data kernels K,, has a 
substantial amplitude where 0.2<r/R <0.8. The failure of the 
Backus—Gilbert procedure to provide a kernel D that is well 
concentrated about any point in the mid-range results from a 
paucity of appropriate data, and does not reflect a deficiency 
in the procedure. Though No(r) is quite strongly constrained 
near the centre and the surface, there is a wide margin of 
uncertainty elsewhere. 
An important goal of the inversion procedure is the attain- 
ment of a stable solution. If averaging kernels D are chosen 
oO as to minimize 6, small changes to either the data or the 
kernels K„ yield large changes in W when several different 
_ data, or linear combinations of them, provide nearly the same 
physical information. Thus errors are magnified and the solution 
is inaccurate. Backus and Gilbert*’ discuss how, at the expense 
< of permitting somewhat broader averaging kernels D, a tradeoff 
= between stability to errors in the data (or thé mapping of those 
_ data on to Qe via the data kernels K,,,) and formal mathematical 
< accuracy can be achieved. That procedure has been adopted 
<- here. The rotation curve presented in Fig. 2 is stable to small 
= changes in the data or the kernels, and is therefore more likely 
‘to be a good representation of the actual angular velocity of 
the Sun than is a curve constructed to fit the constraints (14) 
exactly. 
As an indication of the uncertainty in Qo (r) I display four 
alternative possibilities in Fig. 3. The first is the fourth-degree 
polynomial in r satisfying QR) = Ns that best fits equations 
(14) by least squares. Its shape is quite sensitive to changes in 
` othe equilibrium solar model. (The corresponding seventh- 
degree polynomial, which is even more sensitive to the equili- 
=- -brium model, satisfies equations (14) exactly. Some of its 
<- properties are listed in Table 2.) The second is in some sense 
<- the most slowly varying function that fits the data, for it minim- 
izes the integral of (dQ)/dr)’ among all differentiable functions 
QO, that satisfy the constraints (14) and (R) = Ns. The third 
-is of the form Qy = 1 = constant for 0<r< rand Qo = (R/r)’Ns 
for r.<r<R. This function was chosen, somewhat arbitrarily, 
_ with the idea that the radiative interior might be rotating rigidly, 
aside from a thin boundary layer at the base of the convection 
- zone. Because Qo is very much smaller than the buoyancy 
frequency in the radiative zone, only a slight smoothing of the 
discontinuity would be necessary to satisfy the Solberg~Hgiland 
dynamical stability criterion**”*° in the equatorial plane, with 
- negligible effect on the values of the angular momentum, rota- 
tional kinetic energy and J,. Again the free parameters were 
© chosen to give the closest fit to equation (14) by least squares, 
yielding r.=0.69R and ()=1.86x10%s"!. The value of r. is 
close to independent modern anade of the radius of the 
k of the convection zone. The fourth function is of the form 
NM =AlL—a(r/R)’] for O<r <r, and Ny = (R/F for r.<r< 
= with Ô, a, b, re chosen to give the least squares fit to equation 
14) subject to Qo being continuous. 
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Angular momentum, rotational kinetic 

nergy and J, 

om each of the rotation curves displayed in Figs 2 and 3 it 
straightforward to compute the angular momentum H, the 


tational kinetic energy T and the measure J, of the gravita- 
nal ENPO moment. These are given by 











Stod T= f INR dx, n=[ FO dx (16) 


wae xe =+/R, I(x)= (807/ 3)R°*px* and F is given in ref. 17. 
The. results are listed in Table 2. The kernels $ and F are 
displayed i in Fig. 3. Notice that they are greatest where knowl- 
edge of Qy isthe least. This unfortunate property magnifies the 
undertainty in H, T and Fz. 


iş also displayed. The averages are quite well confined near the 





A least dduares ii ot the. requencies k 

| n =Ava t(l- Ava (17) 
jateepolated or arinola linearly from the eigenfrequencies 
va and vg of models A and B of ref. 30 (which have initial 
helium abundances Y = 0.25, 0.19 respectively) to observed 
frequencies of low-degree 5-min modes™ yields A = 1.36+0.12. 
Thus it seems that Y is somewhat greater than 0.25. A similar 
fit to the frequencies in Table 1 yields A = 1.26+0.79. The 
latter fit is hardly strong independent evidence that Y > 0.25, 
especially since the mode identifications are uncertain. 
Nevertheless, it does show that the data in Table 1 are 
apparently consistent with this result. All the computations 
listed in this paper used the extrapolated model with A = 1.26. 
Using model A typically changes H’*, T and J, by no more 
than 10%. 


Conclusion 


If the sequence of peaks found in the spectra of Bos and Hill” 
really are a consequence of rotational splitting, then it may 
confidently be concluded that the central core of the Sun rotates 
on average some six times faster than the surface. Moreover, 
the angular velocity N in the core is almost independent of 
latitude. The distribution of angular velocity throughout the 
rest of the Sun is uncertain, but it is not unlikely to resemble 
the solid curve in Fig. 2. Of course, there may be variations 
about that curve on a scale less than 6 (shown also in Fig. 2). 
Such structure cannot possibly be resolved by observations of 
only the modes listed in Table 1, however precise the measure- 
ments. What is needed is to observe modes with data kernels 
that have substantial amplitudes where 0.2 < r/R <0.8. 

Aside from a smoothed version of curve 3 in Fig. 3, none of 
the estimates of Q is dynamically stable. All the estimates are 
unstable to the Rayleigh criterion d(w’Q,)’/dw > 0, where w 
is the distance from the rotation axis. This condition is relevant 
when thermal diffusion is taken into account*’“*. Indeed, it is 
interesting that there exists no function Ny satisfying N(R) = Os 
and the Rayleigh criterion that can reproduce the frequency 
splitting of multiplets 4-7 in Table 1. Therefore the data seem 
to imply either that the mean flow is stabilized by some agent, 
such as a magnetic field, or that the natural tendency of the 
instability to restore Qo to a state satisfying the Rayleigh 
criterion is effectively countered by some other angular- 
momentum transporting process. 

The splitting data alone cannot determine No. Thus, to arrive 
at an estimate it is necessary to impose at least one additional 
restriction. That chosen here is one of smoothness, and was 
applied by equating the solid curve in Fig. 2, which is a well- 
determined average of Qe with a known kernel D, with Qe 
itself. This procedure has been applied successfully in other 
inverse problems, particularly in geophysics. The result is likely 
to be smoother than the actual angular velocity. 

The curve depicted in Fig. 2 implies that the measure J, of 
the gravitational quadrupole moment is 3.6 x 10~°. It is difficult 
to judge how accurate this value is, partly because the 
identification of the modes is uncertain, and partly because 
even if the modes were known, the constraints imposed by the 
splitting alone do not restrain the possible functions OQ within 
tight bounds. The smallest value of J, compatible with the data 
is about 1.2 x 10°°; the data cannot bound J, above. 

The implications the estimate has on the test of gravitation 
theories using the precession of the orbit of Mercury can be 
assessed from equations (5)-(7). Taking J:= 3.6 10°° yields 


0.992+0.005 (ref. 6) 
0.996+0.005  (ref.3) 


The errors quoted are standard errors arising from the orbit 
analysis, and take no account of the uncertainty in Ja. 

Finally, it should be remembered that a careful analysis of 
the power spectra has yet to be undertaken, and that the 
uniformly spaced sequences of peaks might have been inter- 
preted wrongly. 


42-8 +2y)= (18) 


| thañk Pro 
last November when together we isolated some of the multiplets 
in the power spectrum, identified the modes of oscillation, 
constructed a crude rotation curve and made our first estimate 
of Ja. Since then our opinions about the implications of the 
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The thermal springs of Bath 
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Geochemical and hydrogeological evidence shows that the thermal springs at Bath originate from the Mendip Hills. A 
maximum subsurface temperature of 80+16°C is attained during circulation to between 2.7 and 4.3 km within the 
Carboniferous Limestone. The residence time of the bulk of the water is 





INTEREST in the evaluation of the geothermal resources of 


Britain has prompted a thorough geochemical investigation of 


the Bath thermal springs and their regional setting’. The King’s 

Spring, the principal spring at Bath, emerges through Lower 

Lias shales within a reservoir of Roman construction. It has a 

flow of 131s”! at a temperature of 46.5 °C which records show 

to have been constant within +0.5 °C since 1754. Its thermal 
yield above a non-thermal groundwater temperature of 10°C 
is 2.0 MW. Two smaller springs at Bath, the Cross Bath and 

Old Royal springs, have. chemical compositions very similar to 

that of the King’s Spring. Thermal water also occurs at Bristol 

where the Hotwells Spring - discharges from Carboniferous 

Limestone into river muds just above low tide level in the Avon 
«gorge. The flow is about 0.2 1s”' at 24°C and the nema! yield 
is only 7 kW. 

The Bath/Bristol district is a complex synelinal structure 
formed between three intersecting fold axes”. The most impor- 
tant. aquifers which might contribute to the flow of the thermal 
are in the Carboniferous Limestone and in Triassic 
sits. The Old Red Sandstone (Devonian) and the Pennant 
ones (Carboniferous) have only restricted hydraulic con- 











~The origin and composition of the Bath thermal waters have 
_ been the subject of much scientific curiosity. Notable associated 

discoveries include the extraction of helium from the exsolved 
| gases ‘by Sir James Dewar’; the identification of their radio- 
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proposed. The objective of the present study was to use a range ` 


Geochemical < characteristics 


~ (1) Inorganic chemistry: the King’ s Spring water has a oai 5 
mineralization. of 2,150 mgt! 


-= dolomite, gypsum, fluorite and barite as calculated using the 


< water. and shallow, Carboniferous Limestone water in 
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< 10,000 yr. 


harsaa 


activity due to radium by Strutt’ in 1904 and that due to radon.“ 
by Munro’ in 1928. However, no acceptable explanation of the — 





of geochemical techniques to deduce the source, the circulation = 
wash the temperature at depth and the age of groundwater: : : 


and Ca% and SOF are the 
dominant ions (Table 1). The chemical composition remained 
constant over the 2 yr period of investigation, and comparison. 
with earlier work®”® suggests that the composition is stable over- 
a long period. This stability is also reflected in the fact that the 
thermal water is in equilibrium with the minerals calcite, 


WATEOF program’® a 

Regional sampling of representative groundwaters from local | 
aquifers was carried out and these results’ show that no other — 
groundwaters with a composition similar to that of Bath thermal 
water are found in the region, except locally in the Triassic 
aquifer, as discussed below. The Hotwells spring at Bristol 
a composition equivalent to a mixture of Bath- -type ther 
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, Fig. i Plot of hydrogen and oxygen stable isotope results for the 
l thermal waters in relation to other groundwaters in the region. 


Q) Dissolved radioelements: The isotope “tU can be dis- 
_ Solved in preference to its precursor, ***U, as a consequence 
of its. genesis by decay processes and the mike © aa © activity 
‘ratio in groundwaters is frequently in excess of equilibrium" 
~ The Bath thermal water is distinguished from other ground- 
: waters in the region by a very low U-content and a high 
4/81) activity ratio (Table 1c). Only groundwaters from 
“the Old Red Sandstone have similar activity ratios although 
< they generally have higher U-contents than thermal water. 
.. The high level of radioactivity in the King’s Spring water is 
due to*”*Rn and during 1977 it gradually increased from 1,000 
-to 2,220 pCi kg™’, the value determined’ in 1972. This increase 
_ is attributed to a delayed piezometric recovery following the 
| unusual drought conditions of 1976. Other radiochemical para- 
«meters and the radiogenic “He content similarly increased dur- 
ing 1977. Rn contents similar to that of the King's Spring 
also. occur locally in groundwaters from the Trias. Although 
«the ?*°Ra activity in the water is much lower than that of ?**Rn, 
itis the most significant radioelement present with regard to 
radiological hazard’. The short-lived 8-emitting “Rn 
- daughters, *“Pb/?Bi are present in equilibrium with Rn. 
< The isotope *!"Pb (half life 22 yr) requires about 100 yr to reach 
equilibrium with a constant "Rn source. Because the activity 
© of *'°Pb in the thermal water is negligible although there is 
- adequate natural Pb carrier present, this suggests either that 
- the**Rn content has not been constant for a long period or 
that. rapid wall-rock exchange of lead isotopes must be 
“Occurring. 
>o The natural Th content of the King’s Spring is below the 
detection limit of 0.002 ug per kg. The B-emitting *°Th 
~ daughters, 7"’Pb/?'’Bi, are present to the extent of 2.6 pCikg™!, 
These isotopes must be derived by **°Rn release into the 
groundwater by mechanisms similar to those for Rn release. 
The ratio of °” Rn/ 2°R n activities suggests that the U/Th ratio 
in the source rock could be as high as 250:1, though this may 
e an overestimate as the efficiency of 2p release could be 
much less than that for "Rn. However, the uranium 
geochemist Tya tien Suggests that U acl has occurred 












ressure, the ratio of OLEN n solubility 

5 °C, the approximate recharge tem- 

ess. than half of the dissolved gas should 

ermal water re-equilibrates with the atmos- 
ssolved gas flow was calculated as 710 1 wi 

“inthe idy id this may be compared with estimates” 

: oft the total exsolved gas flow of 208 1 h~’. Seasonal fluctuations 
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a, a, Major element conipaction (mg ke” ` 


Year source 1977-79 1961 1936 
E (this study) (ref.6) — (ref. 7) 
Range Mean 
Temperature (°C) 464-466 46.5 48 49 
Flow (is”*) - 15.0 — _ 
pH 6.39-6.94 6.68 7A _ 
Eh (mV) + 220-32 vv — ~_ 
O,(mg I?) 0.5-6.0 18 coe -l 
Total solids 2,177-2,280 2,203 2,166 2,162 
Na* 169-190 183 174. 177 
K* 16.2-20,3 17.4 15.7 15.4 
Ca?* 352-399 382 392 392 
Mg?* §2.0-55,4 53 54 51 
HCO, — 184-206 192 216 193 
50, ~ 1,010-1,060 1,032 1,021 4,001 
cr 280-292 287 276 274 
1888 1874 
(ref.8) (ref. 9) 
Temperature (°C) 46.4-46.6 46.5 47 46 
Flow (is”?) ~ 15.0 wee — 
pH 6.39-6.94 6.68. mmm — 
Eh (mV) + 220-32 — ve oe 
Omg 1") 0.5-6.0 1.8 aot — 
Total solids 2,177-2,280 2,203 2,360 1,920 
Na* 169-190 183 135 129 
K> 16.2--20.3 17.4 31 39 
Ca** 352-399 382 402 377. 
Mg** §2.0-55.4 53 52 47 
HCO, ~ 184-206 192 88 86 
SO,- 1.010-1,060 1,032 1,061 869 
Cr 280-292 287 277 280 
1961 1936 
b, Trace element composition (mg kg™™) (ref.6) (ref. 7) 
Li” 0,240-0,255 0.242 0.050 0,22 
Sr** 5.60-6.10- 5,92 8.0 5.6 
Ba’* me 0.024 0.8 0.1 
Total Mn 0,065-0.085 0.068 0.059 0.027 
Total Fe 0.950~1.320_ 0.879 0.009 1.45 
Ni** 0,002-0.030 0.022 0.0005 a 
Cu** 0,0005-0.0037 0,002 1 0.0035 0.04 
F” 2.0-2.20 2.6 2.0 4.3 
Bro 1.00-1.50 1.32 6.9 1.3 
NO,” 0.9-1.7 1.2 <0,0002 0.24 
HPO,” m 0.020 0.0058 
SiO, 43,2--44,3 44.1 44,1 43.6 
c, Isotopic and radioelement composition (this study) 
80O ho rel. SMOW —7.4 
87H de tel, SMOW | ~47.0 
&°H Tritium. units 0-3.1 
pCi kg 0-9.0 
°C % rel, PDB ~1.5 
Fk % modern carbon 4.5 
i 1977-79 
U-series isotopes Mode Range 
Natural U ug kg! 0.05 0.025-0.094 
pCi kg 0.017 -= 
aat activity ratio 2.5 1.7-3.5 
226Ra pCi kg” 11.0 5.9-11.F 
Rn pCi kg 2,350 1,030-2,650 
214ph/2!*Bi pCi kg! 2,367 +200 = 
*19Bb pCi kg™? <1.0 ane 
Th series isotopes 
Natural Th pg kg <0.002 
32 Db /2!2 Bi pCi kg”! 2.610,26 
*24Ra/???Rn pCi kg”? 2.61 +£0.26 


d, Exsoived gas composition and dissolved noble gas content 


Exsolved gas composition 


Dissolved noble gases 


% = en? STP/cm? HLO 
N, to 100% ‘He 1,080 x 10°78 
O, <0.5 Ne 2.10% 1077 
“He 0.1 Ar 4.04 107 
Ar 1.0 Kr 0.91x 10°? 
co, 3.5 Xe 1.19 107% 
CH, 0.6 











in dissolved oxygen (< 0.5-6,0 mg I~") and in Eh (redox poten- - 
tial) were also noted and may indicate some mixing of waters 
at intermediate depths. 

Source of thermal groundwater 

and its recharge 


ts ‘The hydrogen and oxygen isotopic compositions of the thermal 








iter. demonstrate that it is of meteoric origin (Fig. 1). The 
topic compositions lie close to the worldwide meteoric line” 
nd the ratios are similar to those of modern shallow ground- 


«3> waters in the region. The Bath thermal water may be clearly 


¿o distinguished from known occurrences'® of late Pleistocene 
groundwater elsewhere in England where a recharge tem- 
perature some 5 °C cooler than postglacial climatic conditions 
has been indicated. The ratios of dissolved atmospheric inert 


gases in the thermal waters indicate recharge temperatures 


around 9 °C. The combined evidence shows that climatic condi- 
tions at recharge were similar to those of the present day. 

The piezometric levels in the various aquifers in the 
Bath/Bristol region are shown in Fig. 2. The piezometric level 


; of the King’s Spring is known from the historical record for a 


well which encountered thermal water in Kingsmead Street” 
in 1836. It is 40 m above sea level (10 m above the elevation 
of the spring). The only location with sufficient head to cause 
flow at the King’s Spring is the Mendip Hills, about 15 km to 
the south-west and on the margin of the basin. 


Maximum temperature and circulation depth 


Rock-water equilibration temperatures for groundwaters from 
geothermal areas have been estimated from the amounts of 
dissolved Na*, K*, Ca?” and SiO, (refs 18, 19). It was found 
that the cation geothermometers were not valid for the sedimen- 
tary formations of the Bath/Bristol region. The application of 
the SiO, geothermometer depends on which silica polymorph 
- controls its dissolution. The thermal groundwaters are closer 
to equilibrium with chalcedony (SI = +0.18) than with quartz 
(SI = +0.60) but because of the limited number of springs the 
control on SiO, solution is uncertain. Maximum rock equilibra- 
tion temperatures of 64°C (for chalcedony control) and 96°C 
(for quartz control) have been calculated and the maximum 
temperature reached at depth probably lies within this range. 
The SiO, geothermometer indicates that the thermal com- 
ponent of the Hotwells source has been equilibrated in the 
range 49-72 °C before subsequent mixing with shallow ground- 
water from the Carboniferous Limestone. 

The necessary circulation depth for meteoric water to reach 
these temperatures may be estimated from the geothermal 
gradient. The only geothermal gradient measurement” 
(11°Ckm`Ż) in the basin, however, is known to have been 
affected by cold water inflows in the borehole. On the assump- 


tion that the region is one of average heat flow (40 mW m~’), » 


a geothermal gradient close to 20°C km™ is more likely (J. R. 
Bloomer, personal communication). This would place the circu- 
lation depth of the Bath thermal water in the range 2,700- 
4,300 m to attain a temperature of 64-96 °C and this depth 
strongly implies that either the Carboniferous Limestone 
and/or the Old Red Sandstone must be the principal storage 
aquifer(s) 

The slightly negative 5'°C (—1.5%) of the dissolved bicarbon- 
ate is very strong evidence that the thermal water has equili- 
brated chemically with the marine Carboniferous Limestone 
rather than with the largely non-marine Old Red Sandstone. 
The value of 6'*C for the latter” is ~10.7% and is too negative 
to permit the development of the observed 5'°C of the thermal 
© water. It must be concluded that the most recent storage and 
. chemical equilibration of the carbonate system takes place 
- within the Carboniferous Limestone (5 '°C = -0.05%.), although 

a proportion of the thermal water may previously have been 


transmitted in the Old Red Sandstone. 


Thermal water age 
Tritium, *H, produced by thermonuclear weapon testing, was 
used to identify any post-1950s recharge. The °H content of 





the King’s Spring averaged 1 +2 TU over the monitoring period 


and the highest observed value was 3.1+2 TU. This, together _ 
with the small amounts of nitrate present, variations in dissolved. . 
O, Eh and Uo activity ratio, suggests that there could 

be some mixing of the thermal water with very small quantities. 
of ‘recent’ waters from shallow aquifers. : 

The '“C specific activity for the dissolved bicarbonate of the 
King’s Spring averages 4.5% of that for modern carbon. (Table k 
ic). The uncertain source and age of any ‘young’ mixing com- 
ponent leads to uncertainty in the interpretation of the carbon > 
isotope data in terms of residence time for the thermal water. 
Assumptions about the extent of mixing, however, allow limit- 
ing conditions to be defined. If there is no mixing with recent” 
groundwater, and the 'C activity represents that remaining 
after decay of the original '*C present, a corrected age for the 
thermal water of 20,000 yr may be derived on the basis of the 
stoichiometric reaction between biogenic CO, (100% modern. 
carbon; 8°C — 26.1%) and '*C- dead carbonate in the recharge- 
zone (no '*C; 8 °C —0.05% for Carboniferous Limestone). Such. 
a 1:1 reaction between carbonate and biogenic CO., however, 
would result in a 6'°C value of —13.0% for the dissolved 
bicarbonate. 

The measured 6'°C of the thermal water bicarbonate (Table 
ic) is -1.6%, and this indicates that extensive bicarbonate/car- = 
bonate interphase exchange has occurred after the initial con- = 
gruent solution of carbonate. It is not possible to estimate, or 
correct for, the concurrent loss of '*C from the bicarbonate in 
solution to the aquifer carbonate in this process. The age 
estimate of 20,000 yr is therefore a maximum possible age, 
provided that no “C activity has been introduced by mixing 
with shallow groundwater of recent origin. Alternatively, if 
mixing with recent groundwater (which may be dead to °H, but 
contain appreciable '“C) is sufficient to account for all the 
observed '*C activity, then the thermal water itself is dead to 
4C and is older than 50,000 yr. 
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Fig. 2 Outcrop and subcrop of Palaeozoic strata in the = 
Bristol region, with major structural features (after G.A: 
Kellaway, unpublished data); the localities sampled during. the 

study and the piezometric data are also shown. 
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_. The temperature at which the thermal water was recharged 
_ (9-10 °C), estimated from its inert gas contents and its isotopic 
composition (6°H and 5'°O), shows that recharge took place 
in climatic conditions similar to those of the Holocene. This 
< implies either that the water is younger than 10,000 yr (the 
< beginning of the present climatic optimum), or older than 
“70,000 yr (the end of the last interglacial). It is therefore not 
“c possible to distinguish between the alternative explanations for 
the. ““C activity in the water, on the basis of its recharge 
temperature, 
The *He content of a groundwater increases with its residence 
time ina formation of porosity, @, and density, p, according to 
the equation” 


*He content, cm*?/cm* H,O 
=p ġ™ {1.19 107? [U]+2.88 x 1074 [Th]}t (2) 


where [U] and [Th] are the U and Th contents of the aquifer 
> rock and t is the groundwater age in years if all the “He 
„generated is dissolved in the pore fluids. This equation is not 
strictly applicable to the Carboniferous Limestone which is a 
fracture-flow system for which estimation of effective porosity 
is difficult. It is also unlikely that all the “He generated would 
be dissolved in the fracture fluids if the porosity is low. However, 
-. equation (2) yields a minimum age of 250,000 yr for a porosity 
of 1% and the radioelement contents of the Carboniferous 
-.. Limestone. The Old Red Sandstone has radioelement contents 
-about four times higher than those of the Carboniferous Lime- 
» stone and for a similar porosity the minimum residence time 
~-to generate the “He in this formation is 60,000 yr. The genera- 
tion of the observed “He content of the thermal water, within 
-< the Carboniferous Limestone, it is impossible for a residence 
time as short as 10,000 yr. At least a proportion of the thermal 
water must be much older and may be derived from the Old 
ted Sandstone. 


J ydraulic controls and local conditions 


1e thermal water probably rises at Bath by way of a southerly- 
$ ipping east-west thrust fault in the vicinity. During the artesian 
flow of thermal water in Kingsmead Street”, it was noted that 
n immediate and considerable decrease in flow occurred at 
he King’s Spring and at the Cross Bath and Old Royal Springs. 
This indicates that the storage capacity of the Trias cannot be 
rge. It was found that groundwaters which are chemically 
imilar to Bath thermal water occur in the Trias at up to 2 km 
m the ‘King’ s Spring. It therefore appears that the rising 
thermal water, under pressure, is recharging the Triassic 
equence, probably by way of the Palaeozoic unconformity. 
This suggestion is supported by the available piezometric data 











3 ely ydraulic gradient between the Mendips 
and the Bath Spring are set by the. level of the perennial 
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Fig. 3 Conceptual model of the flow 
path of thermal water in the Bath- 
Bristol Basin: 1, recharge (9-10 °C} at 
the Carboniferous Limestone/Old Red 
_ Sandstone outcrop, 2, down dip and 
down gradient flow, assisted by karstic 
development; 3, possible gain from 
Lower Palaeozoics and leakage to 
Upper Carboniferous via Farmberough 
compression zone; 4, some leakage of 
_ very old *He-bearing groundwater from 
Old Red Sandstone and possibly Lower 
Palaeozoics; 5, storage and chemical 
equilibration. within the Carboniferous 
Limestone, at 64~96°C; 6, relatively 
rapid ascent along thrust fault system; 
7, some recharge of Triassic by thermal 
water at Bath; 8, discharge of the ther- 
mal springs at Bath (46,5 °C), 





Metres 


discharge springs to the north of the pericline and the maximum 
level of the water table on Mendip. For a first approximation, 
a hydraulic gradient of 0.005 appears likely. Applying Darcy’s 
law to the flow rate at Bath for an estimated cross-sectional 
area perpendicular to the direction of flow of 7x 10° m* (the 
Carboniferous Limestone being ~700m thick over a 1km 
segment), the effective permeability controlling the flow of 
thermal water at depth is calculated as ~ 0.3 m day‘. This is 
reasonably lower than the permeability to diffuse flow of 
4mday™ in the Mendip Carboniferous Limestone outcrop”’. 
For an effective porosity between 1 and 10%, volumetric con- 
siderations suggest the actual flow velocity would be between 
0.1 and 0.01 mper day. Up to 4,000 yr would therefore be 
required to traverse the 15 km betweeen Mendip and Bath. 


Discussion 


The thermal water at Bath has very constant chemical and 
thermal characteristics. It is of meteoric origin, and was 
recharged in climatic conditions similar to those in the 
Holocene. Recharge probably takes place on the Mendips, 
where sufficient elevation provides the piezometric head con- 
trolling the flow across the basin. The Carboniferous Limestone 
acts as the last important storage aquifer for the thermal water 
where it equilibrates chemically and thermally at a depth of 
between 2,700 and 4,300 m at a temperature in the range of 
64-96 °C, before relatively rapid ascent to the spring discharge 
points. At Bath, the thin Triassic aquifer which overlies the 
Palaeozoic unconformity is recharged by the rising thermal 
water but the major proportion discharges at the King’s Spring 
through the Lower Lias. Although various techniques have 
been used to try to determine its residence time no unambiguous 
estimate can presently be made. 

Although the hydraulic model is simplistic, it is in order of 
magnitude agreement with the conclusion that the bulk of the 
thermal water is < 10,000 yr old and on balance we favour this 
interpretation. To account for the observed level of *He, this 
implies that a small proportion of the thermal water must have 
an extremely long residence history, probably in the Old Red 
Sandstone, before chemical re-equilibration in the Car- 
boniferous Limestone. 


Implications for geothermal development 


At the King’s Spring, Bath, a discharge of almost 50 m*h™' of 
water at 46°C results from a natural head loss of 10m. A 
pumped drawdown of 30 m in a borehole tapping the resource 
at depth might therefore provide a supply of 100-110 m*h"'. 
If the actual discharge were at 70 °C and the water were rejected 
from a heat exchanger at 25 °C, this would give a thermal yield 
of about 5 MW. The use of a heat pump would increase the 
thermal yield. 

It is probable that the Carboniferous Limestone stores ther- 
mal water elsewhere along its 15-km strike between Bath and 












l. This i is, foe only speculation ‘ne sould fans be - 


proved by exploratory drilling. 
-It may be possible to exploit thermal groundwater stored in 
the Triassic aquifer at Bath without the need for wildcat drilling 
-in the Carboniferous Limestone. The low effective bulk permea- 
> bi ity ‘of the Carboniferous Limestone at depth, however, is 
unlikely to support a flow of thermal water (across a 1 km wide 
much greater than the natural flow at the Bath springs. 
ere could, therefore, be no exploitation of thermal water 
vithin a radius of several kilometres from Bath without risk of 
riously affecting the spring discharge. The hydrogeological 












such development, if the intrinsic historical and: tourist value 
of the springs is to be protected. 
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T24 human bladder carcinoma oncogene is an | 
activated form of the normal human homologue | 
of BALB- and Harvey-MSV transforming genes 
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A transforming gene isolated from T24 human bladder carcinoma cells is closely related to the BALB murine sarcoma. __ 
virus (MSV) onc gene (v-bas). This transforming gene is localized to a 4.6 kilobase pair (kbp) region and is expressed 
as a 1,2-kbp polyadenylated transcript, which contains v-bas related sequences. Moreover, antisera known to detect the 
immunologically related onc gene products of BALB- and Harvey-MSVs recognized elevated levels of a related protein — 
in T24 cells. The normal human homologue of v-bas was found to be indistinguishable from the T24 oncogene by — 
heteroduplex and restriction enzyme analysis. These results imply that rather subtle genetic alterations have led to the z 


activation of the normal human homologue of v-bas as a human transforming gene. 








THE genetic alterations that cause normal cells to become 
malignant in natural conditions are for the most part still 
obscure. A potentially important approach towards understand- 
ing such mechanisms has come from stüdies of acute transform- 
ing retroviruses. It is now well established that the majority of 
these viruses possess substituted viral genes necessary for repli- 
cation with a discrete segment of host genetic information’. 
When incorporated within the retroviral genome, such trans- 
duced cellular (onc) sequences acquire the ability to induce 
_ neoplastic transformation. At least 24 independent acute trans- 
forming retrovirus isolates have been found to date, of which 
+» gome contain the same or closely related onc genes”. ~. These 
findings have suggested that vertebrates contain a limited num- 
ber of cellular genes that can acquire transforming properties 
when recombined with retroviral sequences. 
The development of DNA-mediated gene transfer techniques 
has recently made it possible to identify transforming genes in 
a variety of tumours, including some of human origin® '*. DNAs 


- human tumour cell lines, have been shown to induce morpho- 












isolated from either naturally occurring human tumours or r fro r 


logical transformation when transfected into suitable ass 
cells'*"'°, In fact, a transforming gene has been isolated. 

molecular cloning techniques from the T 247° and EJ” humai 
bladder carcinoma cell lines’***”*. Preliminary characterization 
of this bladder carcinoma oncogene has revealed it to be of 
human origin and small size (less than 6 kilobase pairs 
(kbp)??? We undertook the present studies to investigate _ 
whether this human bladder carcinoma oncogene was related © 
to any of the cell-derived onc sequences that have acquired ` 
neoplastic properties on transduction into retroviruses. a 


A human bladder carcinoma transforming 
gene is related to v-bas 


The availability of a molecularly cloned bladder E 
transforming gene, designated the T24 oncogene, enabled 
to examine its relationship with the onc genes of a va 





Fig.1 Relationship between the T24 oncogene and the retroviral 
onc genes of BALB-MSV (v-bas) and of MC29 virus (v-myc). 
Molecularly cloned DNAs, including 100 ng of a 6.6-kbp BamHI 
B fragment containing the T24 oncogene, purified from AT24-15A 

~~ DNA’? (a), 100 ng of a 6.6-kbp BamHI fragment containing the 
724 oncogene purified from pT24-C3% (b), 200 ng of the above 
-.6,6-kbp BamHI fragment but digested with SacI (c), 100 ng of 
-0.67-kbp HindIII to BamHI fragment of v-bas (d), and 200 ng 

of 1.6-kbp SacI to BamHI fragment of v-myc (e), were elec- 
trophoresed in horizontal agarose (1% w/v) gels, blotted to 
nitrocellulose filters and hybridized in stringent conditions {50% 
formamide, 5x SSC and 42°C) for 16 h to 5x 10° c.p.m. of the 
following nick-translated probes: A, **P-labelled 0.67-kbp Hind 
Il] to BamHI v-bas DNA; B, *’P-labelled 1.6-kbp Sacl to BamHI 
v-myc DNA: C, YP- labelled 6. 6-kbp BamHI T24 oncogene 
DNA, as described previously“? . Hybridized blots were exposed 
to Kodak XR-5 film at ~70 °C in the presence of intensifier screens 
for 4 h (A), 3 days (B) and 4h (C). Arrows indicate the migration 

of each of the hybridized DNA fragments. 





transforming retroviruses. We used probes obtained from DNA 
clones of transforming retroviruses capable of inducing a wide 
range of malignancies and known to contain different onc genes. 
These included avian isolates such as the MC29 virus’, avian 
myeloblastosis virus (AMV)*° and Rous sarcoma virus (RSV)*®, 
as well as mammalian viruses, including Abelson murine 
leukaemia virus (A-MuLV)’’, BALB*‘ and Moloney”? strains 
of murine sarcoma virus (MSV), the Snyder—Theilen strain of 
feline sarcoma virus (ST-FeSV)*’ and simian sarcoma virus 
(SSV. Each retroviral onc gene probe was prepared from a 
pBR322 subclone containing only onc sequences. 

As shown in Fig. 1, the cloned 6.6-kbp BamHI human DNA 
fragment harbouring the T24 oncogene was readily hybridized 
with a DNA probe containing 675 bp of v-bas, the onc gene 
of BALB-MSV. In the reciprocal experiment, v-bas DNA was 
= detected with similar intensity with a probe composed of the 
` T24 oncogene (Fig. 1). Cleavage of the cloned 6.6-kbp BamHI 
- human DNA with the restriction endonuclease SacI is known 
to generate three fragments of 3.0, 2.7 and 0.85 kbp”. Only 
the 3.0-kbp SacI fragment was detected using v-bas as a probe 
_ (Fig. 1). These findings firmly established a high degree of 
o- relationship between the T24 human bladder carcinoma 
oncogene and v-bdas. 

No homology was detected between the T24 oncogene and 
any other one gene tested, with the exception of v-myc, the 
onc gene of MC29 virus. However, the degree of relationship 
between the T24 oncogene and v-myc was at least 20-50-fold 
lower than that detected with v-bas, as measured by the relative 
signal intensity observed (Fig. 1). The possibility that the v-myc 
- probe was detecting the subset of T24 oncogene sequences 
_Telated to v-bas was excluded by findings that v-bas and v-myc 
owed no homology in identical experimental conditions (data 
shown). In fact, it was possible to localize the v-myc-related 
es within the 0.85-kbp Sacl fragment of the T24 
rather than within the 3.0-kbp SacI fragment contain- 
telated sequences (Fig. 1). Recent studies have local- 
the transforming region of the T24 oncogene within a 
8 kbp DNA fragment that contains both the 3.0- and 0.85- 
“kbp Sacl fragments”. Therefore, these two sets of T24 
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for malignant transformation. 


c-bas (human) is a nontransforming allele of 
T24 human bladder carcinoma oncogene 


As normal human DNA is known to contain sequences related 
to a variety of retroviruses including v-bas and v-myc”, we 
reasoned that characterization of normal human DNA sequen- 
ces homologous to each of these transforming genes might shed 
light on the biological significance of their related sequences. 
Normal human DNA was digested with BamHI and submitted 
to Southern blot analysis for detection of sequences related to 
the T24 oncogene as well as to v-bas and v-myc. The T24 
oncogene and v-bas probes both hybridized with a 6.6-kbp 
BamHI human DNA fragment, suggesting that the normal 
human v-bas-related sequences might represent a normal allele 
of the T24 oncogene (Fig. 2). In addition, v-bas recognized a 
3.0-kbp BamHI fragment known to contain another member 
of the c-bas family of genes (S.T. et al., unpublished observa- 
tions). We also detected hybridization of the T24 oncogene to 
this 3.0-kbp BamHI human DNA fragment after prolonged 
exposure (data not shown). In contrast, the v-myc probe hybrid- 
ized with a different subset of human DNA sequences (Fig. 2). 
These results established that the v-myc-related 0.85-kbp Sacl 
fragment of the T24 oncogene did not correspond to the human 
c-myc locus. 

To compare the T24 oncogene with normal human sequences 
related to v-bas [designated c-bas (human)], we isolated c-bas 
(human) from a library of normal human fetal liver DNA™. A 
recombinant A Charon 4A phage containing a 19-kbp EcoRI 
insert of human DNA exhibited a 6.4-kbp internal BamHI 
segment that specifically hybridized with v-bas. This 6.4-kbp 
BamHI fragment was subsequently subcloned in pBR322 and 


a representative plasmid, designated p344, used for restriction ~“ 


enzyme analysis. As shown in Fig. 3, the restriction map of this 
6.4-kbp BamHI fragment of normal human DNA closely 
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Fig. 2 Detection in human DNA of sequences related to T24 
oncogene, v-bas and v-myc, Twenty microgrammes. of high 
molecular weight DNA isolated from T24 bladder carcinoma (a) 
and M413 normal embryonic human cells. (6) were digested with 
20 U of BamHI for 1h at 37°C, electrophoresed in horizontal 
agarose (0.6% w/v) gels (18 h at 30 V) and blotted to nitrocellulose 
filters as described previously ~. Filters were then hybridized in 
stringent conditions (see Fig, 1 legend) for 44h to 2x 10’ c.p.m. 
of the following nick-translated probes: A, **D.labelled 6.6-kbp 
BamHI T24 onco ene; B, *’P-labelled 0.67-kbp HindIII to 
BamHI v-bas: C, **P-labelled 1.6-kbp Saci to BamHI v-myc. 
Hybridized blots were exposed to Kodak XR-5 film at ~70°C in 
the presence of intensifier screens for 2 days. Co-electrophoresed 
DNA fragments of HindHI-digested A c1857 DNA served as size 
standards (labelled in kilobase pairs). 
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Fig. 3 Comparative restriction maps of the F24 oncogene and 
c-bas (human). The diagram depicts the location of the cleavage 
sites for Xhol, Saci, Poull, Xbal, KpnI, Sphi, Clal and Beglll 
restriction endonucleases within the subcloned BamHI human 
DNA fragments containing the 124 oncogene (pT24-C3) and 
c-bas (human) (p344). The location of the transforming sequences 
of the T24 oncogene between the Xhol and Sphi cleavage sites 
has been determined elsewhere”. The location of the v-bas- 
related sequences within the 3.0-kbp Sac] internal fragment of 
both genes was determined in experiments depicted in Fig. 1, 


: matched that of the T24 oncogene. In fact, the only detectable 

difference between the two molecules was a 200-bp deletion 
that mapped between the SpAl and Clal cleavage sites in c-bas 
(human) (Fig. 3). Note that this deletion maps outside the 
transforming sequences of the T24 oncogene”’, as well as out- 
side the sequences related to v-bas (Fig. 3). These results 
established that c-bas (human) is an allele of the T24 bladder 
carcinoma oncogene. 

The T24 oncogene has been shown to transform NIH/3T3 
cells efficiently, with a specific activity of ~5 x 10* focus-forming 
units pmol”! (refs 19, 22, 23). If was of obvious interest to 
determine whether molecularly cloned c-bas (human) sequen- 


Fig. 4 Heteroduplex analysis of 
T24 oncogene, c-bas (human) and 
v-bas. Heteroduplexes were pre- 
pared as described previously". 
Briefly, DNAs (2 ng ml H were 
denatured with alkali, annealed in 
the presence of 50% formamide at 
room temperature for 16h and 
spread on to a distilled water 
hypophase. When pBR322 sub- 
clones were used, the supercoiled 
DNAs were linearized by cleavage 
with Sall, an enzyme which does 
not cut any of the inserts. a, 
Heteroduplex formed between 
T24 oncogene and c-bas (human). 
BamHI inserts purified from 
pT24-C3 and p344 DNAs, respec- 
tively, were used. A representative 
heteroduplex and an interpretative 
sketch are represented, Contour 
lengths (in kbp) of features are as 
follows: 1=5.22+0.25, 2= 
0.25+0.04 and 3=1.15+0.1. 
Fragments 1, 2 and 3 correspond 
to the 6.6-kbp BamHI DNA frag- 
ment containing the T24 
oncogene. Fragments 1 and 3 cor- 
respond to the 6.4-kbp BamHI 
DNA fragment containing c-bas 
. (human). b, Heteroduplex analysis 
of T24 oncogene and v-bas. A rep- 
resentative heteroduplex between 
'pT24-C3 and pHB1 DNA, a plas- 


mid that contains the 0.67-kbp HindIll to BamHi fragment of v-bas, and an interpretative sketch are e represented. Contour lengths (kbp) 
of relevant features are as follows: 1=3.9+0.2, 2= 1,840.2, 3=0.10+0.02, 4=0.27+0.03, 5 = 0.1040.02, 6=0.1440.02, 7=0.240.0 
8 = 0.65+0.05, 9=0.25+ 0.03, 10=3.0+0.2, 11 =0.25+0.03. Fragments 1 and 11 correspond to pBR322 sequences. Fragments 3, 
and 9 correspond to v-bas sequences. Fragments 2, 4, 6, 8 and 10 correspond to the 6.6-kbp BamHI DNA fragment containing me T: 


oncogene. 


ces eied similar biological activity. As much as tpg of 
c-bas (human) DNA demonstrated no detectable focus-forming 
activity whereas in the same experiment, NIH/3T3 cells ' were, 
readily transformed with as little as 1 ng of the T24 oncogene. 
The above results, taken together, strongly imply that the 
acquisition of transforming activity by the T24 oncogene must 
be the result of subtle genetic alterations. 


Organization of v-bas-related sequences 
within the T24 oncogene 


The structural relationship between the T24 oncogene and c- -bas 
(human) and v-bas sequences was studied by heteroduplex. 
analysis. As shown in Fig. 4a, c-bas (human) and the T24 
oncogene were homologous along their entire length, with the 
exception of a 0.2-0.3 kbp ‘loop’ located ~1 kbp from one end. 
These results are consistent with the restriction enzyme maps 
of these two molecules depicted in Fig. 3. In contrast, heterodu-» ` 
plexes formed between the T24 oncogene and a 0.67-kbp | 
subclone of v-bas revealed the presence of a region of homology. 
of about 0.6 kbp in length interrupted by three single-stranded: 
regions of 0.65, 0.14 and 0.27 kbp (Fig. 45). Its v-bas 
homologous sequences were localized within the 3.0-kbp SacI 
fragment of the T24 oncogene, in agreement with the results”. 
obtained by Southern blot analysis (Fig. 3). The coding seguens 
ces of v-bas are known to reside within the viral RNA strand 
of the DNA (P. R. Andersen and E. P. Reddy, unpublished — 
observations). By heteroduplex analysis (Fig. 46) it was thus. — 
possible to orientate the T24 oncogene as left to right with 
respect to v-bas coding sequences, as shown in Fig. 3. 


T24 oncogene products are related 
to those of the 


BALB- and Harvey-MSV onc genes 


Recently, Wigler et al. have reported that T24 bladder car- = 
cinoma cells exhibit elevated levels of a 1.1-kbp poly(A)- 





Fig.§ T24 oncogene and v-bas-related transcripts in human cell 
lines. a, b, Poly{A)-containing RNA, isolated from T24 bladder 
carcinoma cells (two independent preparations); c, M413 normal 
embryo cells; d, HT- „1080 fibrosarcoma cells were obtained as 
previously described?**$, RNA samples (5 pg) were denatured in 
13 mM methylmercury hydroxide and size fractionated in horizon- 
tal agarose (1% w/v) gels containing 5mM methyl mercury” 
Electrophoresed gels were blotted to nitrocellulose filters which 
were subsequently hybridized with 10’ c.p.m. of the following 
nick-translated „probes; A, “*P-labelled 6.6-kbp BamHI T24 
oncogene; B, **P-labelled 0.67-kbp HindIII to BamHI v-bas. 
Hybridization was performed in 50% formamide, 5 x SSC at 37 °C 
for 44 h. Hybridized blots were exposed to Kodak XR-5 films at 
—70 °C in the presence of intensifier screens for 4 days. The arrow 
indicates the size of the detected transcript as deduced from its 
relative migration with respect to ribosomal RNA size standards. 


containing RNA that specifically hybridized with the T24 
oncogene”. This transcript was also detected in normal cells, 
. although at much lower levels. As shown in Fig. 5A, similar 
~ results were obtained in our laboratory. To establish whether 
+ the v-bas-related sequences of the T24 oncogene were tran- 

‘scribed, poly(A)-containing RNA of T24 cells was submitted 

to Northern blot analysis. As shown in Fig. 5B, a 1.2-kbp RNA 


: Fig. 6 Detection of proteins 4 B 
+ antigenically related to the onc 
_ gene products of BALB- and 

| Harvey-MSV in human tumour 
cell lines and in NIH/3T3 cells 
transformed by the T24 
oncogene. Exponentially grow- 
ing cells (~2x 10° cells per 
_immunoprecipitation reaction) 
including: A, T24 human blad- 
der carcinoma cells; B, M413 
normal human embryonic 
fibroblasts; C, HT-1080 human 
fibrosarcoma cells; D, 44-91 
-NIH/3T3 cells transformed by 
the T24 oncogene; E, 
< .NIH/3T3 mouse cells; F, 
< NIH/3T3 cells nonproduc- 
__ tively transformed by BALB- 
< MSV, were. labelled with *°S- 





| probes. These results’ indicated that V-bas-related ‘sequences 





are an integral part of the T24 oncogene transcript. 

The transforming gene product of v-bas has been identified 
as a polypeptide with an apparent molecular weight of 21,000, 
designated p21°" (ref. 4). An antigenically related protein, 
p21™, has been identified as the gene product of Harvey- 
MSV’*, another murine sarcoma virus whose onc gene is closely 
related to that of BALB-MSV‘“. Antisera obtained from BALB- 


and Harvey-MSV tumour-bearing rats were used to search for 


the putative T24 oncogene translational product in a variety 
of human tumour cells including parental T24 bladder car- 
cinoma cells. As shown in Fig. 6, low levels of a protein 
migrating with an apparent molecular weight of 21,000 were 
detected in M413 normal human embryo fibroblasts’® as well 
as in HT-1080 human fibrosarcoma cells’, Similar results were 
observed with a variety of human tumour cell lines established 
from tumours other than bladder carcinomas (data not shown). 
This p21 protein was also detected in T24 cells but at somewhat 


elevated levels. In addition, T24 cells contained an antigenically 


related 23,000 molecular weight protein which was not detected 
in any of the other human cells analysed (Fig. 6). 

To investigate further whether this protein was coded for by 
the T24 oncogene, we analysed NIH/3T3 cells transformed by 
this gene (Fig. 6D). Such transformants expressed levels of the 
p23 protein comparable with those detected in T24 cells. In 
addition, T24 oncogene-transformed NIH/3T3 cells expressed 
high levels of a p21 protein that co-migrated with the gene 
product of BALB-MSV (Fig. 6). Whether this protein rep- 
resents a post-translationally modified human p23 molecule or 
the endogenous mouse p21 protein, remains to be determined. 
In either case, our findings support the concept that the T24 
oncogene encodes a protein immunologically related to the 
transforming gene products of BALB- and Harvey-MSV. 


Implications 


Recent intensive investigation of acute transforming retro- 
viruses has led to considerable knowledge concerning their 
genomes and translational products, as well as their interactions 
with the host’. Thus, our demonstration that the T24 oncogene 
represents an activated human cellular analogue of a retroviral 
onc gene should make it possible to apply this knowledge to 
understanding the mechanisms by which the T24 oncogene 
induces transformation. By use of high titred antisera directed 
against the BALB and Harvey MSV-coded p21 proteins***, 
we were able to detect an antigenically related p23 protein 
specifically expressed in T24 cells. It should be possible to 
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` methionine as previously described” . Radiolabelled cell extracts were incubated for 1h at 4°C with 0.005 ml of sera obtained from: a, 
“Harvey-MSV-induced tumour-bearing rats; b, BALB-MSV-induced tumour-bearing rats; c, uninfected normal rats. Immunoprecipitates, 


| collected with the aid of Staphylococcus aureus protein A bound to Sepharose 4B beads, were disrupted in the presence of 1% 


, SDS and 


2%. 2-mercaptoethanol and analysed by electrophoresis in 8-16% linear gradient SDS-polyacrylamide gels. Electrophoresed gels were dried, 
fluorographed** and exposed to Kodak XR-5 films for 4 days at ~70 °C. Molecular weight (MW) markers co-electrophoresed with the above 
samples: included bovine serum albumin (69,000), ovalbumin, indicated by arrows. 





carcinoma cells or in ‘other naturally occurring. tumours. Such 


an approach may help in determining whether the T24 
oncogene has an aetiological role in human neoplasia. 


Detection of dominant human transforming genes by DNA- 


_ mediated gene transfer techniques has generally required the 
‘use of the NIH/3T3 cell line as the recipient assay cell 127162819, 
xs NIH/3T3 is a continuous, heteroploid cell line?®, it is poss- 
hat genes which transform this cell line might be unable 
to transform normal cells. It is known that both v-bas and v-ras 
are capable of inducing a variety of malignancies in animals”? *", 












Thus, it seems likely that when the human cellular homologue | 
` of these onc genes is. activated, as in the case of the T24- 


oncogene, this gene would possess the capacity to transform 
normal cells as well. 


The number of different genes that are activated as dominant. 
transforming genes in human tumours is not known'**!*. DNAs. 
isolated from carcinomas of the colon and pancreas as well as 
from a fibrosarcoma anda rhabdomyosarcoma have been shown © 


to transform NIH/3T3 cells in transfection assays (ref. 19 and 


M.B. et al., unpublished). Although none of these putative- 


human oncogenes has been found to correspond to the human 
» homologues of retroviral onc genes used in the present studies, 
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ur findings that c-bas (human) is a noniransformiig’ 


uncovered. | 
It has been well established that the selui sequences 
duced by retroviruses require viral genetic information. 
to induce malignancy. The present studies demonstrat 
least one of these cellular sequences, c-bas (human), 
activated by a mechanism not requiring recombinatio 
retroviral sequences. Detailed restriction enzyme ani 
this gene and its transforming allele, the T24 oncogen 
not revealed detectable differences. Thus, we must ¢ i 
that subtle genetic changes have caused the activatior of 





c-bas (human) will. ultimately. define, not only the nature, 
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The surface antigen of hepatitis B virus (HBsAg) has been yniiesized ? in the yeast Saccharomyces cerevisiae by. using 
- an expression vector that employs the 5’-flanking region of yeast alcohol dehydrogenase I as a promoter to transcribe 
sw rface antigen coding sequences. The protein synthesized in yeast is assembled into o parteis having properties simila 


to the 22-nm particles secreted by human cells. 


HEPATITIS B virus’? 


-> 0028-0836 /82/290347—-04801.00. 


is a 42-nm particle (the Dane particle) 
consisting of a core containing the viral genome (~3,200 base J 
pairs (bp) of partially single-stranded DNA*) bound to the core | 











































| 7, 000-29, 000 and 3, 000- 25, 000, J, reapectively, è as eed 
on SDS gels!® 11), Infection with hepatitis B virus (HBV) leads 
not only to the production of Dane particles but also to a 
dramatic overproduction of 22-nm large particles and filaments 
(the HBsAg particle) that contain the elements of the surface 
envelope. These HBsAg particles are about 1, 000-fold more 
> immunogenic than the unassembled HBsAg protein’’. Because 
-of its narrow host range (humans and chimpanzees), and as it 
cannot be propagated in tissue culture, investigation of the 
‘structure and mechanism of infection of HBV has been severely 
estricted. The advent of molecular cloning has allowed the 
nplete virus genome to be cloned and sequenced”””'*""’, and 
the coding regions for the different antigens have been 
identified®”’, raising the possibility of expressing HBV genes in 
alternative host: systems. However, in previous attempts, high 
level production of HBsAg-related i immunogenic material was 
-not achieved in bacteria even in systems using powerful bacterial 
-promoters'**'7, We therefore examined yeast as an alternative 
host system; this organism has complex membrane systems and 
the ability to secrete and glycosylate proteins by processes 















apt 2 i origin 
Eco Ri 
ADH | 
promoter p MA-56 
aaen acre maracas 
Eco Ri pBR322 
LIGATION Eco RI 
TO pBR322 “ sAg 
f Eco RI ERA Eco RI 
aa Re N Eco RI LIGATION 
(eer) 





promoter 
Eco Ri 


ADHI promoter region Eco! linker 


Met Glu Snail te. 





Fig. 1 a, Construction of plasmids for the expression of 
hepatitis B surface antigen in yeast. pMA-56 was constructed 
© from YRp7 (ref. 27) by (1) removing one of its EcoRI sites 
- (digestion with EcoRI, fill-in by DNA polymerase I Klenow frag- 
~- ment and blunt-end ligation); (2) replacing the yeast ars-l replica- 
>o tion origin by a Pstl-EcoRI fragment containing the replication 
< Origin of yeast 2 u plasmid; and (3) replacing the smallest EcoRI- 
_ BamHI of the resulting plasmids by a 1,500-bp EcoRI-BamHI 
a fragment containing the yeast ADHI promoter’. Sixty micro- 
“grammes of pHBV-3200"° were digested with EcoRI and Hpal, 
-and the 1,000-bp fragment containing the surface antigen gene 
-was isolated and digested with Tact; 10 wg of the resulting 800-bp 
fragment were ligated to EcoRI linkers and cloned in the EcoRI 
site of: pBR322 (pHBS-5). The EcoRI fragment containing the 
¿HBsAg was isolated from pHBS-5 by preparative gel elec- 
rophoresis after digestion with EcoRI, and ligated to pMA-56 
viously linearized by EcoRI and treated with bacterial alkaline 
phosphatase). After transformation of E. coli cells (RR1) and 
lation of DNA by a small scale procedure”, recombinant 
plasmids were analysed by cleavage with restriction endonu- 
- cleases. Plasmids in which the HBsAg gene was in line with the 
ADHI promoter (pHBS-16), and those with these regions in the 
- opposite orientation (pHBS-20) were amplified and used to trans- 
© form strain XV610-8C a ade2 ade6 leu2 lys1 trpi cani as described 
: elsewhere’. b, DNA sequence of the ADHI-HBsAg gene junc-- 
tion present in pHBS-16. The sequence was obtained by the 
_ method of Maxam and Gilbert”, 
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also been developed t to give a system wii allows the introduc- 
tion, maintenance and expression of foreign genes'®*'. Here 
we report the construction of an autonomously replicating 
plasmid containing HBsAg-coding sequences linked to the yeast 
alcohol dehydrogenase I promoter. Yeast transformed with 
these vectors synthesize and accumulate particulate material 
that specifically reacts with antibodies against HBsAg. 


Construction of plasmids and expression 
of HBsAg in yeast 


The HBsAg-coding sequence used in these studies was isolated 
on a 835-bp Taqi-Hpal fragment’*"°. This fragment contains 
26 bp preceding the AUG which encodes ‘the N-terminal 
methionine of mature HBsAg. It lacks the DNA sequence of 
489 or 522 bp that encodes a presumptive precursor which can 
be deduced from the viral genomic sequence’. The HBsAg 
gene fragment was joined to the yeast alcohol dehydrogenase 
(ADHI) promoter as described i in Fig. 1 legend. The plasmid 
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Fig.2 a, CsCl gradient sedimentation of HBsAg from yeast extracts. yeast 
cells were grown in 0.67% yeast nitrogen base, 0.5% tryptophan-free 
casamino acids and 2% glucose. Cells from a 100 ml culture were pelleted, 
washed in 100 m! of buffer (10 mM phosphate pH 7.5, 0.1% Triton X-100), 
suspended in one volume of packed cells of the same buffer and broken 
by vortexing with glass beads (0,45-0. 50 mm diameter). After centrifuga- 
tion, a 0.5-ml aliquot of the extract was layered on to a 12 mi discontinuous 
1.1-1.4 g cm~? CsCl gradient in 10.mM phosphate buffer (pH 7.4) and run 
at 30,000 r.p.m. at 5°C for 24h in a beckman SW41 rotor. Fractions 
(0.5 mb. were collected. from the bottom of the tube. The HBsAg activity 
was measured using the radioimmunoassay AUSRIA II (Abbott). The 
HBsAg used as standard was isolated from supernatants of PLC/PRF/5 
cells?>*, b; Sucrose gradient sedimentation of HBsAg produced in yeast 
cells. Active fractions from the above CsCl gradient were pooled and 
dialysed against 10mM phosphate buffer pH 7.5, A 0.5-mi aliquot was 
layered on to a 12 mi 5-30% sucrose gradient in 10 mM phosphate buffer 
containing 0.15 M NaCl} and run at 33,000r.p.m. at 5°C for 6h in a 
Beckman SW41 rotor. Fractions (0.5 ml) were collected and aliquots 
assayed as for a. A 0.5-ml sample of PCL/PRF/5 cell supernatant was 
used as standards in the same way. @, Yeast; A, Alexander cells fora and b. 














Fig. 3 Electron micrographs of HBsAg particles produced by yeast cells. 

a, Particles were purified by adsorption to a column of goat anti- HBsAg 

specific antibody covalently bound to Sepharose, eluted with 3 M potassium 

thiocyanate and visualized by negative staining with 2% phosphotungstic 

acid. x25,000. b, Higher magnification of particles purified by a combination 

of CsCl and sucrose gradient sedimentation and visualized after negative 
Staining with 2% uranyl acetate. x250,000. 


contains Escherichia coli vector pBR322, a replication origin 
derived from the yeast 2 u plasmid, the trp1 gene for selection 
in yeast cells, and the ADHI promoter inserted into the tet’ 
region of pBR322. The efficacy of the ADHI promoter for 
expression of a linked coding sequence has recently been 
demonstrated by the production of interferon in this system’. 
Yeast cells (XV610-8C) were transformed by recombinant plas- 
mids in which the HBsAg gene was placed either in the same 
5’~3’ orientation as the ADHI promoter (pHBS-16) or in the 
opposite orientation (pHBS-20). Cell extracts from mid-log 
phase cultures of these strains were assayed for HBsAg by 
radioimmunoassay (AUSRIA II; Abbott). A substantial level 
of HBsAg was detected only in the cells transformed with 
pHBS-16; no surface antigen was observed in cells transformed 
with the plasmid in which the viral gene is incorrectly oriented. 
The amount of surface antigen protein made per 200 mi of 
yeast culture was ~2-S ug, calculated from the radio- 
immunoassay data. 


Nature of viral antigen produced in yeast 


The predominant form of HBsAg produced by human cells is 
the so-called 22-nm particle. Its biophysical properties are well 
documented*** and its immunological potency exceeds that of 
the pure protein'*. To examine the form in which surface 
antigen is present in yeast, we subjected extracts to equilibrium 
sedimentation through a discontinuous CsCl gradient. A control 
tube containing HBsAg from a human hepatoma cell line 
(Alexander or PLC/PRF/5 cells*”?°) was treated identically to 
provide a buoyant density marker. Surprisingly, HBsAg synthe- 
sized by yeast was found to band at the same density as that 
from the PLC/PRF/5 cell, that is, ~1.2 g cm™° (Fig. 2a). Peak 
fractions of the CsCl gradient were analysed further by velocity 
sedimentation in sucrose gradients. Again the peak of HBsAg 
produced by yeast coincided exactly with HBsAg from human 
cells (Fig. 26), which sediments at ~55S**, 

From the sedimentation data, it is apparent that HBsAg is 
synthesized in yeast in the form of particles or aggregates. The 
nature of these particles was further characterized by electron 
microscopy. HBsAg synthesized in yeast was purified again by 











a combination of sedimentation in CsCl and sucrose gradients 
The immunoreactive material was adsorbed onto carbon film: 
grids and negatively stained with uranyl acetate by Drs P. Bull 
and J. Garrido (Catholic University, Santiago, Chile). Alterna~ 
tively, yeast HBsAg was purified by affinity chromatograph 
and negatively stained with phosphotungstic acid by Drs G 
Wampler, W. Ziegler, W. Miller and W. McAleer (Merck Sharp 
and Dohme Research Laboratories). When examined under 
the electron microscope, the yeast HBsAg preparation was 
found to contain particles (Fig. 3a,b) which appeared very. 
similar to those secreted by Alexander cells. The particle 
purified and stained using the first method are ~20 nmin 
diameter. A more extensive analysis showed that the size. of 
the purified particles eluting with 3M ammonium thiocyanate 
from an affinity column is variable, the medium size being. 
~17 nm (W. Miller and W. McAleer, personal communication); 

Preliminary tests have shown that these particles are anti- 
genic, inducing antibodies in animal species (G. Buynak and 
W. McAleer, personal communication). It has been demon- 
strated previously’” that integration of the HBsAg protein into 
a phospholipid structure to form the 22-nm particle dramati- 
cally increases its immunogenic properties. Thus the . 
immunogenicity of the material synthesized in yeast is further ©: 
evidence that its structure resembles that of the 22-nm particle. 

The chemical composition of HBsAg molecules synthesized. 
in yeast was determined by immunoprecipitation of **S-proteins . 
labelled in vivo in a yeast strain transformed by the ADHI- 
HBsAg recombinant plasmid. SDS-gel electrophoresis of the 
anti- HBsAg immunoreactive material (Fig. 4) revealed a single 
band of apparent M, 23,000, corresponding in size to the — 
unglycosylated HBsAg component of PLC/PRF/5 cells. No 
higher molecular weight bands could be detected, indicating < 
that most of the molecules were not glycosylated in these 
conditions. 


Conclusions 


Expression of hepatitis B surface antigen coding sequences in 
yeast leads to the production of particles immunoreactive with: 
anti-HBsAg antibodies. These particles are similar to those 
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Fig. 4 Autoradiography of SDS-polyacrylamide gel of HBsAg proteins 
produced by yeast and PLC/PRF/S cells. Yeast cultures and PLC/PRF/5 
cells were grown in the presence of *°S-methionine and *°S-cysteine. Yeast 
cells were collected, broken by vortexing with glass beads and the resulting 
extracts clarified by centrifugation. Labelled HBsAg particles from 
PLC/PRF/5 cell supernants were concentrated by ultracentrifugation and 
used as a control. Proteins from yeast and PLC/PRF/5 cells were 
immunoprecipitated using the SAC technique*’. Samples were run on 
12.5% acrylamide gels according to Laemmili*’, subjected to fluorogra- 
phy”, dried and exposed to X-ray film. Lanes 1 and 6, '*C-methylated 
proteins as molecular weight standards: phosphorylase (92,500, 92.5K), 
bovine serum albumin (69K), ovalbumin (46K), carbonic anhydrase (30K) 
and lysozyme (14.3K); Jane 2, PLC/PRF/5 cell supernatants plus normal 
human serum; lane 3, PLC/PRF/5 cell supernatant plus human anti-HBsAg 
serum; lane 4, yeast extracts from strain XV610-8C with pHBS-16 plus 
human anti-HBsAg serum; lane 5, yeast extracts from strain XV610-8C 
with pHBS-16 plus normal human serum; lane 7 aliquot of total yeast. 
35§-labelled proteins. Numbers at the left refer to protein markers as above. 
The number at the right indicates the 23,000-M, protein immunoprecipi 

tated from yeast and PLC/PRF/S cells. 









































suggesting a similar size and ratio of protein to lipid composition 
for yeast and for human particles. Electron microscopic 
observation established that the yeast particles are more vari- 
: able in size and have a smaller mean diameter than the human 
--particles. Furthermore, unlike the HBsAg from human cells, 
< the yeast particle does not contain significant quantities of a 
_ higher molecular weight glycoprotein, indicating that glycosyla- 
tion is required neither for the formation of the particulate 
-structures nor for immunogenicity. 
_. The construction we have used in the HBsAg-expressing 
¿ plasmid eliminates that part of the gene encoding the leader 
F peptide of putative pre-HBsAg’. Therefore, formation of par- 
ticles in yeast implies that the polypeptide sequence of the 
-surface antigen molecule contains the requisite instructions for 
~ assembly of apparently normal particles within the cytoplasmic 
- milieu of the yeast cell. The leader region and other possible 
_. precursors formed by its translation are not required for the 
_ formation of this structure. Furthermore, no other hepatitis 
= gene products or liver-specific cell products are necessary to 
form the particulate structure. It seems likely, therefore, that 
such particles can be formed in many other heterologous cell 
`> systems, perhaps even in bacteria. It remains to be determined 
- where within the yeast cell the 22-nm particle is assembled, 
> and what biochemical processes accompany it. An immediate 
advantage of the yeast system is that the physiological and 
genetic requirements for particle assembly may be systemati- 
cally explored, making use of yeast mutants conditionally defec- 
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- Evidence for an oblique 
_ magnetic solar rotator 


D. O. Gough 
i Institute of Astronomy, Madingley Road, Cambridge CB3 OHA, UK 


The observation by Claverie et al’. of fine structure in the 
„peaks in the power spectrum of low-degree §-min solar oscilla- 
tions has been inter rpreted as being a result of rotational split- 
A ing. Claverie et al.’ claim that their measurements imply that 
an: appropriately weighted average Q of the interior angular 
i velocity Nr) of the Sun is about twice the value of Q at the 
‘surface. At first sight their claim looks doubtful, because all 
. 214+1. components of the set of modes of degree / appear in 
‘the spectrum, whereas only / +1 of them should be detectable. 
However, Isaak’ has recently speculated that the additional 
~ components are produced by an intense rotating magnetic core, 
i such as had been postulated by Dicke?,* to account for the 
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ae yo : tive for the secr tory 
they have identical sedimentation: rates and’ buoyant density, 


pathway" ane, for other aspects of cellular — 
metabolism. - 

The similarity in structure of the yeast particle to bona fide 
22-nm particles and the high immunogenicity in animals empha- 
size the possible value of the HBsAg particle as a vaccine. The 
yeast HBsAg particles can in principle be produced in large 
quantities for this purpose. Further, the complete absence of 
intact HBV and/or human proteins in such preparations elimi- 
nates the possibility of secondary infections or autoimmunity 
problems as a result of the vaccine. 

Finally, our findings illustrate the versatility of recombinant 
DNA methodology for the production of complex structures. 
Previously, recombinant DNA techniques as applied to micro- 
organisms have only been used to produce simple proteins like 
insulin, growth hormone, interferon and enzymes. Our experi- 
ments suggest that more complicated structures can be formed 
in alternative hosts like yeast provided the genes for the 
requisite organizing proteins are introduced and efficiently 
expressed. This offers an effective approach for the analysis of 
organelles in higher organisms. 
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Note added in proof: Since the submission of this paper, particles 
containing a different HBV protein, the virus core antigen, have 
been reported in E. coli carrying a recombinant plasmid”. 
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12.2-day periodic component in the Princeton oblateness 
data”. Isaak’ pointed out that the mean period 27/O=15 
days of the solar interior that was inferred from the Birmingham 
data’ is consistent with a central core rotating with the 12.2-day 
period and an outer envelope rotating with the photosphere. 
Moreover, his rough estimate of a few megagauss for the r.m.s. 
magnetic field that is required to support his conjecture i is within 
about a factor 10 of that required by Dicke®. Thence he con- 
cluded that the Birmingham data! provide the first clear 


empirical evidence for an intense internal solar magnetic field, 


Here I examine this evidence in more detail, and show that the 
conclusion is premature. If the magnetic core does exist, the 
5-min oscillations provide no clear evidence that it is rotating 
rapidly. Furthermore, unless one accepts a contrived magnetic- 
field configuration, an explanation for the 2/+1 components 
of the multiplets is still lacking. 

With respect to spherical polar coordinates (r, 6, &) about 
any axis, the linear eigenfunctions of oscillation of a spherically 
symmetrical star of radius R are separable in radial and angular 
coordinates. For example, the radial component ôr of the dis- 
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placement eigenfunction can be written: 
- Sr(r, t) = Rel) Pr (cos @) et], Imi <t (1) 


wheis P? is: the associated Legendre function. For any given 
value of the degree l, there is a discrete set of modes. Each 
‘mode in the set is labelled by an integer n, called the order of 
node, which is equal to the number of zeros of €(r) for 
“XR, (O<r<R when /=0), except possibly when n is 
sma l. The frequencies of the p modes, which are the subject 
of this discussion, increase with n. 






-. The degree / measures the total horizontal wavenumber. The __ 
angular order m measures its azimuthal component about the — 
coordinate axis. Unlike m, / is independent of the orientation. 
of the coordinate axis; indeed, any spherical harmonic of degree 


l transforms under cõordinate rotations into a linear combina- 


tion of the harmonics of that degree. Evidently the eigen- 
frequencies of a spherically symmetrical star cannot depend on- 


the orientation of the axis. Therefore the frequencies w and 
| eigenfunctions €(r) are independent of m. 
c => Unless m = 0, the representation (1) is of a wave propagating 
_ about the axis with angular phase speed m™'w. Since é and w 
are independent of m, it is possible to combine two such waves 
-with equal and opposite m to form a standing wave. 
< By comparing with theory the power spectra of the observed 
low-degree oscillations '"'°""’ it has been possible to identify the 
modes. In particular, the modes isolated by Claverie et al,’ lie 
in the range: O</<2, 16<n <27. For this discussion, the 
values of n are sufficiently large for asymptotic theory'*’® to 
be adequate, Furthermore, it is sufficient to assume the oscilla- 
tions to be adiabatic, with € and w real. 

Any deviation of the equilibrium state of the star from 
spherical symmetry is liable to destroy the simple structure of 
the eigenfunctions exhibited in equation (1). In the Sun it is 
known that symmetry is broken by rotation. It is also broken 
by magnetic fields. The effect on the eigenfrequencies is to split 
the degeneracy with respect to m. The question under investiga- 
tion here is whether the splitting that has been observed in the 
Sun compels us to conclude that strong magnetic fields are 
present. 

Let us consider first the effect on the modes of rotation alone. 
Viewed from a coordinate frame rotating with angular velocity 
Qo about the rotation axis of the Sun, and granted that the 
solar angular velocity Q measured in an inertial frame is small, 
the principal modifications to the motion that arise are due to 
Coriolis forces and advection of the wave pattern by the relative 
angular velocity Q — Qo. For high-order p modes the Coriolis 
effect is small; by substituting the appropriate asymptotic form’? 


for the eigenfunction into equations (7), (8) of ref. 20 it can be 
shown that advection augments the frequency by approximately 


R 


Aw = mI | c7'(QA~ Qo) dr =m (=No) (2) 


0 


where 


a 
[= | ct dr f (3) 
0 Na 


and c is the sound speed in the equilibrium state. Here it has 
been assumed that Q is a function of r alone. Thus, with respect 
to an inertial spherical polar coordinate system about the rota- 
tion axis, the total frequency is 


= where wy is the frequency | of the corresponding mode of an 
equivalent nonrotating star”. Notice that Ê is independent of 
m. Therefore the frequencies of the modes of given degree l 
a order n are uniformly spaced, with separation Q. In par- 
ticular, it follows from equation (4) that any standing wave 
pattern formed by a superposition of rotationally split modes 
-precesses without dispersion about the rotation axis of the Sun 
with angular velocity Q. In the frame of the standing wave, 
frequency is independent of m. 


_ as / increases, and the mean spacing, which is [1 — (21 +3) alļðñ 


structure in the Birmingham power spectrum is rotational split- 


That pattern, which repeats as n increases, consists of approxi- 





This behaviour is modified when one acknowledges 
is really a function of both r and 9. The splitting is no lor 
precisely uniform, because modes with different. values o 
sample the latitudinal variation of Q differently. For exam 
if the angular velocity of the Sun is approximated by: 
(1 —&æcos? 0) with a constant and positive, the high-ord 
mode eigenfrequencies can be shown to be = 
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Thus as Par increases at fixed l the splitting i increases, because 
the eigenfunctions become more concentrated towards“ the 
more rapidly rotating equator. The concentration is accentuated 





approaches ñ as [> 00, However, when / is small the variatie 
is also small: taking a =(Q,2 yields a splitting between quad- 
rupole modes with m = 1 and m =2 only 6% greater than the 
splitting between those with m =0 and m =1, and roughly Q 
equal to the splitting of the dipole modes. : 

According to Claverie et al,', the major peaksin the power : 
spectrum of their data are either single, or split into approxi- 
mately uniformly. spaced triplets or quintuplets. The mean 
spacing of the triplets is ~.0.67 pHz synodic, and that of the- 
quintuplets, which are less clearly resolved, is ~25% greater. 
The overall mean spacing is 0.75 Hz. a 

The signal obtained: by Claverie et al. is a measure of the 
time-varying shiftin a solar spectrum line. The light is integrated. 
over the entire solar disk*®. Therefore, if the solar rotation axis” 
were perpendicular to the line of sight, pure modes for which’ 
{+m is odd could not contribute to the signal. This follows 
directly from the symmetry properties of tesseral harmonics, 
Thus, of all the modes of degree /, no more than /+1 of the 
21+ 1 possible values of m should be detected. At the time of 
the observations the Sun’s axis was tilted from the plane of the | 
sky by about 6°. As pointed out by Isaak’, this is insufficient — 
to have produced a detectable signal from the otherwise invis- 
ible modes, unless of course, modes with odd [+m systemati- $ 
cally have 10 times the amplitude of the others. is 

If one were to assume with Claverie et al.’ that the fine” 
ting, the most naive interpretation would be that the triplets 
correspond to / = 2 and the quintuplets to / = 4. Then the mean- 
splitting veneen adjacent components of the multiplets would 
be 280 = , implying a mean interior rotation rate. of: 
~0.38 a Thi is similar to the rotation rate of the photo- . 
sphere, which is 0.42 Hz synodic at the equator. A 

This interpretation faces several difficulties, such as the prob- i 
lem of explaining why doublets presumed to be associated with. 
dipole modes (to which the observations are most sensitive'”) 
are not prominent in the spectrum. But most important is that - 
it is contradicted by the mode identification made 
previously '?°!?'5, which depends on the qualitative structur 
of the patten apparent in the frequencies of the modes'?"!*? 


mately uniformly spaced groups of modes, of alternately odd 
and even degree. It is a basic signature of the eigenvalues of 
the wave equation ‘that describes asymptotically high-order 
modes in any spherically symmetrical system. Though the 
absolute values of the theoretical eigenfrequencies are depen 
dent on the solar model, the pattern in which they are dis- 
tributed is a basic geometrical property. It is a consequence of 
the fact that the Sun is essentially a sphere (and not, for example, 





Table 1 Fregina of high- order dipole p modes in a rotating 
magnetic star 
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found by Claverie et al. have /=1, and the quintuplets [= 2. 
So why is it that there are more components in the observed 
spectrum than should be expected? 

Of course, all the components would be detectable if the 
solar interior were rotating about an axis that is inclined to that 
_ Of the photosphere. In that case, because it would be quite 
unlikely that the axis of mean rotation would precess about the 
photospheric axis with the same angular velocity as the Earth’s 
orbital rotation about the Sun, the relative heights of the rota- 
tionally split components in the power spectrum would be 
modulated on a time scale of a year. This could be checked by 
observation. — 

The presence of the central dipole component strongly sug- 

> gests to. Isaak? the existence of a perturbation which is inclined 
ata large angle from the axis of material rotation, and which 
> precesses about it. Isaak contends that this perturbation is 
. produced: by.an internal oblique magnetic rotator of a kind 
proposed previously by Dicke?“ 
-c -Both the magnetic effects and the rotational effects are small, 
producing frequency changes of <0.1%. Therefore, as Isaak’ 
acknowledged, it is quite adequate to linearize about the nonro- 
tating nonmagnetic state, and treat the two perturbations separ- 
“ately. To this end it is conceptually convenient to work in a 
frame S’ rotating with the magnetic field, say with angular 
velocity Qo, and transform to the inertial frame later. In S’ the 
equilibrium state is steady, and the oscillations about that state 
--ean be described by eigenfunctions that are separable in space 
< and time. I shall assume, with Dicke’, that the field has an axis 
of symmetry, in a direction (0, P) with respect to an inertial 
“coordinate system S whose axis coincides with the axis of 
- rotation. The axis of magnetic symmetry is taken as the axis of 
~~ spherical polar coordinates (r, 6’, 6’) in S'. With respect to these 
<> coordinates the angular order of a mode will be denoted by m’. 

Perturbation theory | for magnetic stars has been developed 
by Ledoux and Simon”, and subsequently by Goossens”. Both 
< the equilibrium state and the normal modes of oscillation are 
expanded in powers of a parameter A, which characterizes the 
= strength of the Lorentz force in relation to the pressure gradient; 
< it measures both the deviation from spherical symmetry of the 
- equilibrium configuration and the perturbation to the eigen- 
~ frequencies. In the Sun A is small: if, for example, the magnetic 
— is confined to the core, and has intensity 5x 10’G, then 

= 1073, Since the postulated magnetic field is buried in the 
; a interior, singular perturbations in the surface layers’*”” 
“are of no consequence. 
~ Consider first the perturbation to the shape of the dipole 
< wave pattern. Formally, the most striking effect of the magnetic 
field is to resolve the degeneracy in the eigenfunctions, The 
dipole oscillations are separated into three well-defined modes, 
_ however weak the field. But that does not change the number 
| of peaks in the power spectrum. A new peak associated with 
the m = 0 mode resulting from a modification to the geometry 
of the wave pattern can come about only by coupling to a mode 
of even degree /*. If w* is the frequency of free oscillation of 
the coupled mode that is nearest to w, the ratio of the amplitude 
of the coupled mode to that of the dipole mode is of order 
g = min (1, w/l ~w *). If /* = 0 or /* =2, jw —w*|= 70 pHz. 
Then o =40A, which is probably too small for the coupled 
mode to be detected. If />2 it is conceivable that a chance 
resonance could make o = 0(1), but in that case the sensitivity 
‘of the observations is too low to account for the observed 
central peak'’. Similar arguments apply to the quadrupole 
‘modes. Therefore the most significant influence the magnetic 
field is likely to exert is to change the speeds of propagation 
of the waves. 
> At this juncture it should be pointed out that any standing 
dipole mode has an axis of symmetry, and can be represented 
as a linear combination. of the three modes with /=1. If 
somehow that pattern could be caused by the rotating magnetic 
field to rotate with angular velocity Q, about the axis of the 


aa ee ; ; the identification of Lis robust: the triplets p frequencies c of the three components in S by mQ,. After adding 





the sole effect would be 1 to o aeni the 


the effect of material rotation, the frequencies of the modes 
would become wot+m(Q,+). This, of course, is completely 
analogous to, and observationally indistinguishable from, rota- 
tional splitting, and therefore could not introduce another com- 
ponent to the power spectrum. 

The effect of the magnetic field B, however, is not to induce 
a simple rotation of a standing mode. Because the Lorentz 
force is quadratic in the field, changing the sign of B has no 
effect. Hence there is no distinction between waves propagating 
positively and negatively about the axis of symmetry. Though 
frequency changes can depend on the magnitude of m’, they 
cannot depend on its sign. In $’, combinations: of modes with 
like |m'| yield standing waves. that do not precess; but unlike 
rotationally split modes, the frequency splitting is sensitive to 
m', at least when / is small. It is an immediate corollary that 
to leading order in A the frequencies observed are not influenced 
by the angular velocity of the buried magnetic field configur- 
ation: as is evident in equation (4), after adding the effect of 
rotation and transforming to the inertial frame (or, for that 
matter, to any other rotating frame that does not depend on 
No, such as the frame rotating with the Earth), Qo cancels. 

It is not inconceivable, however, that an observable dipole 
triplet could be induced by a magnetic field. Let us represent 
any mode of degree / by a superposition of the modes in S’ of 
degree / and angular orders m'. Then the effect of the field is 
to augment the frequencies by mw, say, where 6_,,.w@ =6,.. 
After transforming the modes to S, and adding the effect of 
rotation, each component (/,m) is found to have multiple 
frequencies. These are listed in Table 1 for the dipole modes. 
Since in this case the m= 0 modes cannot be detected, there 
are four frequencies that should appear in the spectrum. It is 
possible, however, to reduce these to a triplet, if the two inner 
components have identical frequencies. This occurs if 


liw — sow = 280 (6) 


The frequency splitting is then 261, which is again consistent 
with almost uniform rotation. 

The hypothesis raises several issues. For example, condition 
(6) is a relationship between the magnetic field and the rotation, 
and was engineered to force agreement with observation. If it 
were Satisfied in the Sun, it would be unlikely to be accidental. 
We know, of course, that there is a dynamical connection 
between Q and B. But why should it be such that particular 
oscillation frequencies coincide, especially since the energy in 
the oscillations is very much less than the field energy? 
Moreover, we must acknowledge that 6,,q@ might vary with 
frequency, and question whether equation (6) can be satisfied 
sufficiently well by all the relevant modes. The observations 
would therefore set limits on how rapid the variation could be. 
There are also further conditions, analogous to equation (6), 
to be explained. They arise from demanding that quadrupole 
modes are split into only a These would constrain 
Q and B further. 

It is also of interest to compare the amplitudes of the com- 
ponents of the multiplets. It can be shown that if the three — 
dipole modes in S’ have r.m.s. displacement amplitudes Avy in 
the atmosphere, the mean squared amplitudes in S, in ascending 
or descending order of Eeauency according to whether & iw 1S 





Table 2 Frequency shifts (uHz) of those Wak-ordór solar quadrupole 
p modes that can be detected by whole-disk observations 


m m = —2 m=O m = +2 
0 0.91 -L68 2.45 

1 3.08 3.85 4.62 
2 


1.56 2.33 3.10 





Observations are referred to a frame rotating with the Earth about 
the Sun and computed assuming the presence of a toroidal magnetic 
core chosen so as to reduce the dipole quadruplet to a triplet, Rotational 
splitting was computed from equation (5) with a = 0.2. 








greater or less than Sow, should be in the ratios — 


Ai sin’ 6: 
Aj sin? 6 +3(A? +Aj)(1 —4sin’ @): 
(Aj +A7)(1 —3 sin’ 0) (7) 







ecause the whole-disk observations are equally sensitive to 
es with m =—1 and m = +1, these represent the ratios of 
ne power in each peak of the triplet. Note that whatever the 
values of A,, and @, the power in the central peak is the sum 


accord with observation’. 


The magnetic core postulated by Dicke** is presumed to 
have been formed by field stretching produced by the differen- 


tial rotation. This created an essentially toroidal field, about an 
axis which subsequently departed from the Sun’s rotation axis, 
in a manner that has been discussed by Mestel et al? Now 
it lies almost in the equatorial plane, with @ = 86°. Í approximate 
the magnetic field by 


B = (0, 0, B(r) sin 8’ cos 6’) (8) 


-without questioning its stability. This is the form. originally 
i “adopted by Dicke’, though a subsequent analysis of the oblate- 
ness data suggests a more complicated configuration”. 

The perturbations ôw generated by B can be computed 
using Goossens’s analysis”? In the limit of high-order p modes 
the result is 


Sin) ~ caine [ la| $ (eB)| +6m"e¢B*| dr 





R kzi 
— = ar | co 'ci—e)[Pl (cos 6’)F sin 6’ de'| (9) 
4a 0 0 


u =| col dr (10) 


0 


=r peu Tisa(wu) (11) 


} 
a(l,m)= 5 [Pr (u) Pu? — u’) du, 


bime i [P™ (u)Pu? du (12) 


p(r) is the density of the equilibrium model in the absence of 
B, and J, is the Bessel function of the first kind. The variable 
cj is the small @’-dependent part of the square of the adiabatic 
sound speed in the equilibrium configuration, measured in units 


of c*, and €(@’) is such that r = (1 +e)R defines the equilibrium 


photosphere. The first integral in equation (9) represents the 


direct effect of the Lorentz force on the oscillations, and the 


second integral results from the axisymmetrical distortion to 
the equilibrium state. 


It can now be argued that an intense large-scale magnetic 
field cannot pervade the entire radiative region of the Sun. If - 


there were such a field, all the terms in the integrals in equation 


<- (9) would be of. roughly. the, same magnitude. According i | 


Dicke*” e is of order 3x107, and according to Hill et al.” i 

must be even smaller. This sets an upper limit to the neiii 
of the magnetic field. It implies that the magnitude of mw, to 
within a factor of order unity, can be no larger than 3 x 10w, 

which is too small for equation (6) to be satisfied. 

The distortion associated with a field confined to the core is 
_ relatively small at the photosphere. This permits the field to be 
= stronger without it being ruled out by the oblateness measure- 
- ments. Can it be strong enough to produce the frequency shift 
; required? Note first that the contribution to ww from the 
-. distortion of the equilibrium structure is proportional to w. 
_ Therefore, if that term dominated, it would not be possible to 
= satisfy equation (6) over the entire frequency range. Admit- 
- tedly, a variation of only 30% in w is sufficient to encompass 


half the power in the spectrin of the 5. -min modes: aha: su 


-OË the powers in its two Deeps This appears not to bein: : expression for m'w only in the combination £B, it follows that 


bye is stationary with respect to w when € and B overl: 


sequently, there are nine, not five potentially observable com- 


cies 0.91, 1.62, 2.39, 3.09, 3.85, 4.62 Hz above wo. These 
| frequencies are nearly uniformly distributed, with a mean 
_ spacing of 0.74 wHz. 







































a variation in the splitting cannot convincingly be ruled out by 
the published data’. Nevertheless, in anticipation that cleaner 
results will be obtained in the future, I shall simplify the ana 
by ignoring the second integral. Moreover, I shall choose a field 
amplitude B(r) to render the first integral only weakly deper - 
dent on w. a 

In the core, the ma jor variation of £ is produced by the Bessel 
function. Its argument is proportional to w, and, in particular, 
the radius of the first node is roughly inversely proportional: tc 
w. Since B is independent of w, and é and B occur in the 


maximally, in an appropriate sense. Therefore the variation ol 
m'w with w can be made weak if B and é are similar functions 
at the median frequency ©. As an example, I choose n 
2 ~ 

J s/f (a u ), 


Borpcu™'’ wu S jsa 


Bir =| (13) ° 
" 0, OU > js; Or 
with @/2a = 3 mHz and Bo constant. Here j, is the first zero 
of J,. The factors in front of the Bessel function were chosen. . 
just for analytical convenience. The function B(r) has a single 
maximum, near r = 0.14R, and falls to zero at r =0.22R, i 
It is a straightforward matter to evaluate the frequency shifts 
mw, and hence compute Bo by insisting that the constraint (6) — 
be satisfied at w = ©. The result is such that the maximum value 
of Bir) is 1.1x10°G, which implies a total field energy of 
3.5 10* erg. This is to be compared with a similar field sug- 
gested by Dicke’, which had been chosen to explain his oblate-. 
ness data. That field extends to r =0.33R and has a maximum = 
value of 6.1x10’G at r~0.16R. Dicke does not exhibit the” 
radial dependence of his field precisely, but if it were taken to 
be homologous to B(r), the energy would be 3.6x 10“ erg. 
Such a field is apparently incompatible with the oblateness : 
data of Hill et al.”. a 
The stationary value of the first integral in equation (9), with: : 
respect to variations in w, is a minimum. Consequently, amongst — 
function B generated from equation (13) by varying @ and By 
such as to preserve equation (6), 1.1 10° G is a maximum of 
the field strength. B 
Consider now the quadrupole modes. With respect to the nih 
coordinate system in S, only modes with m =0 and m=+2 =. 
should be detectable in the whole-disk data. As with the dipole - 
modes, the frequencies are split by rotation. Furthermore, the- 
magnetic field splits the frequencies for each value of m in to 
three, corresponding to the three different values of |m'|. Con- 


ponents in the power spectrum. Table 2 lists the synodic devi- 
ations of those nine frequencies from wo, computed with that 
value of By that reduces the dipole frequencies to a triplet. 
Note that there are three pairs of frequencies that are too close — 
to have been resolved by Claverie et al. Thus there should be | 
no more than six observable components, with median frequen- 


The coincidences of some of the quadrupole frequencies arise 
because the magnetic splittings mw — 8m1% of the modes are 
roughly integral multiples of the dipole splitting. The difference 
between the dipole and quadrupole eigenfunctions £i is not very — 
great in the core, so the integral of [d(r€B)/dr} in particular — 
is similar for the two values of /. That integral exceeds the _ 
integral of £°B’ by a factor of ~ 10. Therefore the near com- `- 
mensurability of the splittings is largely a product of the proper- . 
ties of the spherical harmonics, and is not dependent on the 
detailed structure of the function B(r). Thus if the magnetic 
field in the solar core is intense enough to produce observable. 
splitting, and is such as to reduce the expected dipole quadruple 
to a triplet, then it is likely that the quadrupole freque: 
constitute only a sextuplet, with a mean separation th 
roughly the same as for the dipole triplet. : 
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netic core; so might the Princeton oblateness data. However, 
that does not imply that the magnetic core exists. Aside from 
“the contradiction by the oblateness measures of Hill et al.*°, 
-there would be disturbing conflicts with certain properties of 
-the oscillations. These may eventually be decisive. The incorrect 
` tatios of the amplitudes of the dipole triplet, for example, would 
«demand explanation, as would the absence of a component of 
the predicted quadrupole sextuplet. In superposed spectra such 
as those presented by Claverie et al.', it is hardly likely that 
some peaks are removed by interference. Nevertheless, there 
s the possibility that a magnetic field configuration rather 
different from that considered here could produce a guintuplet. 
-Notice that in that case the splitting would still be 26.2, implying 





Ü= OR). | 
©The high energy in the magnetic field would also need 
explaining. That energy is probably 50 or more times greater 
_ than the kinetic energy in the solar rotation today, though when 
the intense field was presumed to have been created the rota- 
-tonal energy. may have been more than 1,000 times greater 
_ than its present value. Nevertheless, it would still be necessary 
_to demonstrate that the regeneration of magnetic field by the 
-differential rotation of the core, if it occurs, is sufficient to 
balance dissipation by instabilities. 
_ And finally, what of the rotation itself? The potential explana- 
-tion of the dipole triplet discussed here requires that the mean 
. solar angular velocity, weighted by the reciprocal of the sound 
Speed, is hardly different from the surface value. That is not 
-easy to reconcile with the 12.2-day period of the core required 
by Dicke to explain the periodic component in his oblateness 
_ data, Moreover, it appears to be contradicted by the analyses 
“of apparent rotational splitting inferred from oscillations in the 
~ limb-darkening function®'**, which suggests that N is some six 
times greater at the centre of the Sun than it is at the surface. 
The condition Q = 20(R) claimed by Claverie et al.' and Isaak? 
_ is not inconsistent with that result. Thus it seems likely that the 
solar magnetic field is not strong enough to have produced the 
_ splitting required to satisfy equation (6). Therefore the explana- 
tion for the fine structure in the whole-disk power spectrum 
= needs still to be found and demonstrated, and until that is 
_ accomplished one cannot be confident that the separation of 
the multiplets results solely from rotational splitting. 
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The Faraday rotation angle of a linearly polarized transionos- 
pheric very high frequency (VHF) signal near the crests of the 
Appleton anomaly, around the recent solar maximum period, 
often exhibits fast and intense fluctuations, when the amplitude 
of the signal shows saturated and very fast scintillations'*. These 
fluctuations usually occur during the post-sunset hours and 
decay around midnight. The occurrence pattern has been found 
to be similar to that of microwave amplitude scintillations at 
L-band. We present here certain observed characteristics of 
the fast polarization fluctuations and report the results of an 
experiment, which shows that there is a loss of correlation 
between fadings on the two circularly polarized component 
modes of the signal during the periods of VHF polarization 
fluctuations, Hence, the usual concept of Faraday rotation is 
no longer valid during these times. The above features are 
discussed in terms of our present knowledge of small scale 
irregularity structures in the equatorial ionosphere. 

Equatorial ionospheric irregularities have been extensively 
investigated during the past decade by techniques such as rocket 
and satellite in situ measurements, radar, airglow and propaga- 
tion effects on transionospheric signals’. It has been shown that 
the plumes of equatorial irregularities associated with deple- 
tions in background electron content can be studied in a very 
simple and inexpensive manner from simultaneous measure- 
ments of amplitude scintillations and Faraday rotation of a 
VHF signal propagating through the ionosphere**. While the 
occurrence of depletions of the integrated electron content is 
commonly observed with Faraday rotation records obtained 
near the magnetic equator”, a new feature, fast and ‘intense 
fluctuations of the Faraday rotation angle, has recently been 
reported from stations situated near the crests of the Appleton 
anomaly’, a region characterized by severe amplitude scintilla- 
tions during solar maximum years*’. Polarization fluctuations 
of 136-MHz signals have been observed at Ascension Island 
(31°S dip), which is situated close to the southern crest of the 
equatorial anomaly in the African zone, and at Calcutta (32°N 
dip) and Ahmedabad’? (34°N dip) near the northern crest of 


the anomaly in the Indian sector. These have sometimes been 


observed even at Delhi (40°N dip) (Y. V. Somayajulu, personal 
communication) near the northern edge of the anomaly, but 
no such phenomenon has been observed at Arequipa (9°S dip), 
Peru or at Natal (10°S dip), Brazil which are close to the 
magnetic equator. Kaushika and deMendonca’’ possibly obser- 
ved the same type of fluctuations in the polarization records of 
137-MHz signals recorded at Sao Paulo (26°S dip) which is 
also situated near the crest of the anomaly, but they had no 
amplitude scintillation measurements. In their- attempt to 
associate the fluctuations with atmospheric gravity waves, they 
were concerned with slower fluctuations of period 2 min and 
longer. | 

Figure 1 shows a typical polarimeter record obtained during 
post-sunset hours at Ascension Island (7.9°S, 14.4° W, 31°S 
dip). The channel at the top is the amplitude of the 136-MHz 
transmission from the geostationary satellite SIRIO (15° W) 
and the two bottom channels are the Faraday polarization angle 
of the signal with one shifted from the other by 90°. The 
polarization fluctuations are often too intense to render the 
Faraday data useful. The station also recorded signals from the 
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Fig. 1 Sample records of satellite signals obtained at Ascension Island. Time marks shown are in UT. Local time corresponds to UT— 1h. 


-satellite Marisat (also at 15° W} at 257 MHz and 1.54 GHz for 
amplitude scintillation measurements. The sub-ionospheric 
points of the two satellites are essentially identical. The third 
channel from the top shows amplitude scintillations of the 
1.54-GHz signal. Polarization fluctuations are found when the 
amplitude of the VHF signal shows saturated and very fast 
scintillations, which generally occur during the pre-midnight 
hours. We have found during more than 2 yr of observations 
around the recent solar maximum period that the polarization 
fluctuations coexist with intense L-band scintillations at 
1.54 GHz. During the post-midnight period polarization fluctu- 
ations decay, even though VHF amplitude scintillation remains 
saturated, but with slower fading rates. 

The change in fading rates of VHF amplitude scintillations, 
with and without polarization fluctuations, is clearly evident in 
the power spectra of 136-MHz scintillation measurements as 
presented in Fig. 2a and 6 respectively. The corresponding 
power spectra obtained at 257 MHz and 1.54 GHz are also 
shown. The approximate corner frequencies of the power 
spectra are indicated by arrows. The corner frequency of a 
power spectrum gives a measure of the fading rate, a higher 
corner frequency corresponding to a faster fading rate. In the 
present case, a lowering of the corner frequency is obvious in 
the late phase, as shown in Fig. 2b, when no polarization 
fluctuations are observed. 

Power spectrum analysis of scintillation measurements is 
generally used to obtain information on the characteristics of 
the ionospheric irregularities responsible for scintillations. 
However, the interpretations of the power spectrum in condi- 
tions of weak and strong scintillations involve different scatter- 
ing mechanisms by the ionospheric irregularities. According to 
the theory of radiowave propagation, for weak scintillation 
conditions, the amplitude fading rate of a transionospheric 
signal from a geostationary satellite is proportional to v/Ip, 
where v is the drift velocity of the irregularities and lp the 
Fresnel dimension®. Because lpo VA (where A is the radiowave 
length), the fading rate should increase with observing 
frequency in weak scatter conditions. In contrast, in the case 
of severe scintillations, the wave propagation has to be con- 
sidered in the framework of multiple scatter theory and the 
recorded scintillation data pertain to the ground diffraction 
pattern, which cannot be related to the irregularity pattern in 
the ionosphere in a simple manner’*. The fading rate, in severe 
scintillation conditions, is inversely related to the autocorrela- 
tion distance of the ground pattern. The autocorrelation interval 
is determined by the drift velocity as well as by the strength of 
scattering. As the strength of scattering (in other words, scin- 
tillation index) increases, the autocorrelation distance 
decreases'*, and an increase in the fading rate is observed**. 
The scintillation index is usually inversely related to the observ- 


ing frequency. Thus, in the case of severe scintillations, with 
an increase of the observing frequency the autocorrelation 
distance should increase and hence, a slowing down of the 
amplitude fading rate occurs. 

In the equatorial region amplitude scintillations observed at ` 
136 MHz and 250 MHz are usually severe (saturated or near 
saturated) for most of the time the phenomena are observed. ’: 
Near the crests of the Appleton anomaly, severe scintillations © 
in excess of 20 dB are quite frequent even at L-band (such as - 
1,54-GHz observations at Ascension Island) during the prè- 
midnight hours, particularly around the recent solar maximum’, 
The power spectra depicted in Fig. 2 are representative of 
scintillations observed at the corresponding frequencies in the- 
developed and late phases of equatorial night-time ionospheric ; 
irregularities respectively. 

During an intensive campaign of measurements in December : 
1979, in order to investigate the nature of fast polarization — 
fluctuations, the left and right circular components of the 136- 
MHz signal were recorded separately in addition to the routine 
observations. The data were recorded on a magnetic tape in 
analog form, which was digitized at an 18 samples s"' rate for © 
later analysis. The cross-correlation between the amplitude 
fadings of the two component modes was computed over 3-min 
intervals. The scintillation index $, (refs 15, 16), which is a 
measure of the r.m.s. amplitude fluctuations about the mean 
level, is also computed for each 3 min interval at different 
observing frequencies. Figure 3 shows the variation of the 
cross-correlation coefficient between the amplitude fadings of 


the two circularly polarized component waves at 136 MHz with — K 


changes in the scintillation index S, observed at 1.54 GHz. y 
The correlation coefficient decreases as S, increases and- 
attains low values (<0.2) when S, is 0.5 or more. The intervals = 
with $,>0.5 at 1.54 GHz generally exhibit fast polarization 
fluctuations at 136 MHz. In other words, the two circularly 
polarized components undergo quasi-independent fluctuations 
when strong L-band and polarization fluctuations are obtained. 
If the two modes become quasi-independent, the usual concept 
of Faraday rotation breaks down. The close correlation of — 
occurrence of 136-MHz polarization fluctuations and the 1.54- 
GHz scintillation, clearly seen in Fig. 3, implies that either 
irregularities of nearly the same scale size are responsible for - 
the two phenomena or that the irregularities causing the two | 
phenomena coexist in the ionosphere. i 
Lee et al.” have shown that ionospheric power law density . 
irregularities with an outer scale size in the range 50-200 m | 
are responsible for the 136-MHz polarization fluctuations. 
Faraday polarization fluctuations result from differential phase. 
shift and the differential change in the logarithmic amplitude 
of the two circularly polarized modes introduced by waves 
tering from these short-scale density irregularities. The theo 
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Fig. 2 Power spectra. of amplitude scintillations at different 
requencies for a 3-min sample centred on the time indicated. a, 
1h 46 min 305 UT; Faraday polarization channels show intense 
dra fluctuations during this period. 6, 22 h 34 min 30s UT; 
“no: fast ; polarization fluctuation was observed during this period. 
i ve ~The approximate ¢ corner frequencies are given by arrows. 
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; Tf the irregularity F power spectrum follows a power law, with 


der 200 m scale size range sufficient to 
cause polarization. fluctuations at 136 MHz, it is implied that 
irregularities at a =300 m scale size range will also have enough 
spectral power to produce. appreciable amplitude scintillations 
at 1.54 GHz. Thus, the presence of fast polarization fluctuations 
at 136 MHz may be taken as an indicat mn of the possible 
scintillations at L-band and lower frequencies. The reverse may 
not, however, always be true. 

From multi-technique observations Basu et al." have repor- 
ted that, while during the pre-midnight period the power spectra 
of equatorial irregularities follow a power law, during post- 
midnight hours. the overall strength of the irregularities. is 
eroded and there is a transition to a quasi-gaussian type of 
spectrum indicating the decay of shorter-scale (typically <1 km) 
irregularities. As the 1.54-GHz scintillation became weak, with 
the decay of short-scale density irregularities, the two circularly 
polarized modes were seen to have high cross-correlation 
coefficients, reflecting no, or very small, polarization fluctu- 
ations. 

Except in the HF band (for example, 20 MHz), the polariz- 
ation fluctuations of satellite signals cannot be effectively caused 
by irregularities with quasi-gaussian spectra’’. Near the 
Appleton anomaly crests, in solar maximum conditions, the 
ambient ionization density (n) is very high and the high level 
persists during the evening hours. As a result, the absolute 
value of the irregularity intensity (An) is also very high in the 
anomaly region’. In contrast, in regions near the magnetic 
equator, the relatively small n and An and the relatively large 
angles of propagation with respect to the geomagnetic field 
make it impossible to give rise to significant polarization fluctu- 
ations of 136-MHz signals'’. 

We thank S. Basu, Sunanda Basu and C. L. Rino for dis- 
cussions. The work at the Regis College Research Center was 
supported by AFGL contract F19628-80-C-0016. A.D.G is a 
NRC-NAS Senior Resident Research Associate on leave from 
the University of Calcutta, India. 
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Fig. 3 Variation of rcon coeficients of the fluctu- 

ations of the two opposite circularly, polarized components of the 

136-MHz signal with the amplitude scintillation index S4 at 

1.54 GHz. The intervals $4 >0.5 corréspond to intense and fast 
Faraday polarization fluctuations. 
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transformation martensitic? 
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Olivine, the dominant mineral in the Earth’s uppermost mantle, 
undergoes one, or possibly a series of phase transformations 
to adopt a spinel structure at pressures above ~13 GPa. The 
mechanism by which the transformation is accomplished could 
have important implications for understanding mantle dynamics 
and deep focus earthquakes. Recently, it has been proposed 
that the transformation may proceed by a martensitic mechan- 
ism**. We discuss here the characteristic properties of mar- 
tensitic transformations and present evidence that the 
analogous transformation in Mg,GeQO, does not proceed by 
such a process. 

Polymorphic transformations which occur by a martensitic 
mechanism involve a specific, coordinated movement of atoms. 
The interface which effects the transformation propagates by 
the movement of a series of partial dislocations resulting in the 
production of stacking faults. Such faults represent monolayers 
of the new phase’. This process contrasts with the nucleation 
and growth mechanism in which the interface propagates by a 
generally uncoordinated, thermally activated movement of 
atoms. Martensitic transformations involve a significant shear 
component in their transformation strain. This means that if 
the transformation is accomplished under nonhydrostatic stress, 
the process should be enhanced in favourably oriented parent 
crystals and retarded in unfavourably oriented parents. Higher 
stresses (and hence strain rates) will favour the transformation. 
The daughter phase generally grows as lamellae in the parent, 
whereas the nucleation and growth mechanism usually produces 
irregular interfaces due to more rapid migration in directions 
of greater stored strain energy in the deformed parent. Mar- 
tensitic mechanisms always exhibit specific crystallographic 
relationships between parent and daughter crystals, whereas 
nucleation and growth (also proposed for olivine—spinel’) 
can, but normally does not, produce such relationships. The 
topotactic relation required by the martensitic mechanism pro- 
posed for the olivine-spinel transformation is [100],, parallel 
to (111),,, and [001]; parallel to (011),,, (refs 3,4). This crystallo- 
graphic relationship has been reported in a few instances in 
Fe,SiO, (ref. 3) and Ni,SiO, (ref. 5); in the latter case only 3 
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out of 10 spinel crystals showed the exact relationship, and 5 
showed large deviations. The occasional presence of topotaxy 
is compatible with any transformation mechanism, but it must 
be present in all instances to support the martensitic mechanism. 

The olivine-spinel transformation for the chemical composi- 
tion appropriate for the Earth’s mantle, (Mgp 0, Feo.,)2SiO., has 
been very difficult to study directly due to the very high transfor- 
mation pressure”. Consequently, the transformation has been 
studied in other systems, principally Fe,SiO,, (ref. 3), Ni,SiO, 
(ref. 5) and Mg,GeQ, (ref. 10), which undergo the transforma- 
tion at lower pressures. Although systematic studies of these 
and other analogues have shown very great similarities between 
the various systems, One complication remains. Each of the 
analogue systems listed above undergoes the transition directly, 
whereas for the Mg-rich silicate olivine system there is another 
(8) phase with a distorted-spinel structure which is found at 
intermediate pressures*”. Transmission electron microscopy 
(TEM) studies'*"' indicate that in many cases the -phase 
may be a quench product formed at the expense of the y- phase. 
Considering these uncertainties, the simplest approach regards 
the direct transformation (olivine-spinel) as relevant to the 
mantle’*. The martensitic mechanism was proposed on this 
basis and the topotactic relations found in Fe,SiO, and Ni,SiO, 
have been cited as support for the martensitic mechanism on 
the same basis. We continue this approach here while recogniz- 
ing that the question of relevance to the mantle remains un- 
resolved until the mineralogy is better known. 

To test the martensitic hypothesis, we selected a deformed 
Mg,GeQ,-olivine sample which had partially transformed to 
spinel. The run conditions of this creep experiment (no. 92) 
were: confining pressure, P=1.3 GPa; average differential 
stress, oe = 280 MPa; total axial strain 5%; duration 55h (ref. 
11). The temperature along the 18.4-mm long sample varied 
from 950 °C at the lower end to 1,200 °C in the centre. Thus, 
the lower portion of the sample was well within the spinel field 
but the central portion was just inside the olivine field. Speci- 
mens were selected from a small region of 50-60% spinel near 
the lower end of the sample. TEM foils were prepared by 





Fig. 1 High-voltage transmission electron micrograph of large 

spinel grains with a high density of stacking faults and parent 

olivine with moderate dislocation density (800 kV). The maximum 

compressive stress applied to the specimen lies NE-SW, parallel 
to the spinel—spinel grain boundaries. 
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Fig. 2 Diagram showing the deviation from the orientations 

predicted for the martensitic transformation mechanism. A@ 

measures the angle between [100], and the nearest (111),,; Ad 

is the angle between [001]; and the nearest (011),,. Data were 
obtained by selected area electron diffraction. 


ion-thinning and examined in both optical and electron micro- 
scopes. 

The following observations on this specimen suggest that the 
mechanism of the transformation was not martensitic: 

(1) TEM images display no stacking faults in the olivine phase 
(Fig. 1); the substructure, both near to and far from olivine- 
spinel interfaces, is that normally produced during plastic defor- 
mation of germanate’’ and silicate’* olivine. Thus, there is no 
direct evidence for operation of the martensitic mechanism. 
Stacking faults appear in the spinel phase (Fig. 1), but there is 
no indication that they are involved in the transformation 
process’. 

(2) Variations in the diffraction contrast images of the daugh- 
ter spinel crystals growing into the same olivine parent grain 
indicate that the spinels have different orientations (Fig. 1). 
Moreover, selected-area electron diffraction of several parent- 
daughter clusters demonstrates that the topotactic relations 
required by the martensitic mechanism are not present (Fig. 
2). Small deviations from topotaxy might be explained away as 
loss of coherency by accumulation of dislocations in the inter- 
face. However, the lack of evidence for the required dislocations 
and the extremely large deviations from coherency (Fig. 2) 
render such an argument untenable. 

(3) The spinel crystals have an elongated growth habit, but 
the inequant shapes are independent of the crystal orientation 
of both olivine and spinel. The martensitic mechanism requires 
a crystallographic relationship and preferential growth of spinel 
in Olivine crystals oriented with high shear stress on the 
hypothetical dislocations which effect the transformation. 

(4) The spinel crystals have grown preferentially in the direc- 
tion of the maximum compressive stress, resulting in subparallel 
fingers of spinel separated by residual spikes of olivine (Figs 1 
and 3). 





Fig. 3 Optical micrograph of a residual olivine grain surrounded 

by spinel. The prominent north-south spikes protruding from the 

olivine crystal are the remnants left between spinel grains which 

have grown preferentially parallel to the maximum compressive 
stress (crossed polarizers). 


We have failed to find any evidence indicative of a martensitic 
transformation. On the other hand, the observation that the 
spinel displays a strong growth anisotropy reflecting the stress 
field is an interesting new discovery. This is consistent with a 
simple nucleation and growth mechanism in which the driving 
force for growth varies with the PAV term in the equation 
describing the difference in Gibbs free energy between the two 
phases (ref. 16, and work in preparation). 

We thank J. P. Poirier and N. Hamaya for preprints and 
H.-R. Wenk for assistance with the electron microscopy. This 
work was supported by NSF EAR 74-21885A01. 
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Procedures which estimate the noisiness of complicated, 
aperiodic data are outlined here and considered in the context 
of transitional fluid flow, although similar questions arise in 
many other fields™?. Because this is the initial formulation of 
these ideas only qualitative results are presented; any attempt 
to develop quantitative measures of randomness will be post- 
poned until more testing and refinement of the procedures have 
been completed. 

Consider a fluid experiment such as Rayleigh-Bérnard con- 
vection or the flow between concentric cylinders in a regime 
which produces aperiodic flow?. Substantial theoretical and 
experimental attention has been given to the temporal charac- 
teristics of these flows as dynamical systems. The Landau—Hopf 
model of turbulence* portrays turbulent flow as quasiperiodic 
with many independent frequencies. This view was successfully 
challenged by Ruelle and Takens° with an argument based on 
the structural instability of quasiperiodic attractors for dynami- 
cal systems. Extensive high-precision experiments have demon- 
strated that the transition to aperiodic flow occurs directly from 
flows whose power spectra have few independent frequencies”’. 
These measurements for small aspect ratio fluid experiments 
are evidence that fluid transitions in this regime are described 
reasonably well by the bifurcations of systems of differential 
equations with few degrees of freedom". There is still disagree- 
ment, however, as to whether the aperiodicity of the post- 
transition flows has the characteristics which one finds in a 
trajectory of a system of ordinary differential equations with a 
State space of low dimension. In particular, it has been suggested 
that some aspects of the data are described much better by 
stochastic models. The methods proposed here may help resolve 
this matter. 

Dynamical systems with few degrees of freedom can have 
‘strange attractors’: bounded sets of aperiodic trajectories which 
are asymptotically stable'’''. Some features of a trajectory in 
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a strange attractor appear chaotic even though its evolution is 
determined completely by initial conditions. There is a sensitive 
dependence to initial conditions which prevents long-term 
prediction of the location of a trajectory within the attractor 
~ due to the uncertainty in our measurements. of initial condi- 
tions. I interpret the Rueile-Takens theory as asserting that 
= aperiodic fluid flow is described by a strange attractor. This 
behaviour contrasts with randomness in the flow, Here 


randomness is defined as unpredictability in the short term | 


evolution of a system. The present aim is to estimate the 
extent of randomness or noise in a system fom the data which 
it produces. 


In analysing a time series, I begin with. ee hypothesis that — 


it can be described by evaluating a function along a trajectory 
in a strange attractor of a system with few degrees of freedom. 


_ This hypothesis implies that the trajectory will visit some regions 


of the state space repeatedly, returning many times to positions 
that are close to ones that it occupied previously. When this 
< happens, the corresponding observations in the time series 
= approximate each other, Indeed, entire sections of the time 
i series approximate each other over time intervals for which the 
~~ trajectories remain close. A second assumption about the func- 
. tion defining the time series allows this observation to be 
~~ reversed, 
Packard eta and Takens’* have developed a procedure 
"i for recovering the location of a point in the state space from a 
< section of the time series based on the Whitney embedding 
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noted by d(x, t) and a time interval Af selected. We then 





of the state space into R** 


a trajectory, then the observations f(@(x, t +iAt)), O<i<n, e 
determine uniquely, the location of (x, t) when n is large 
enough. » 


approximate each other to assess'the extent to which the data- 


low dimensional state space. An integer k is selected and a` 
(ke 1)-dimensional data state A(r) defined to be a (k + 1) vector- 
(6(0), 6¢+1),..¢ 
data can be generated by a strange attractor, then A(t+ 1) i: 
determined by A(t) by means of an unknown (k +1) a 


is entirely free of randomness, and (2) any experiment gives us: 


i diverge nce of trajectories from one another in a strange att 
tori is pronnag exponential, at a rate determined b 


eorem'®. Specifically, the trajectory with initial condition x 










































Fig. 1 Plots of R(t) against Ti The procedurë. ed 

for computing Rj (+) was: (1) atime series 8 {7} of length: 
5,000..was generated from a model; (2) the data were 
normalized to produce a time series 5(7) with maximum — 
and minimum values 1. and 0 respectively; (3) three- > 
dimensional normalized: data states were sorted wee 
determine pairs of data states which agreed to 10° in. 
each component; (4) -Ry(r)= log Sit +7} Ttr soii 
was computed for six values of 7, beginning at r004 
with the last coordinate of the matched data states; The c. 
five graphs were produced from time series generated) 
by the following systems: a, 5(r) = sin u(t), w(t) the first 
component of Tix, yi, Tix, y)={2x +y, x+y} mod }; 

b, Slt) is the first component of H"(x, y), Hix y= 
(0. 3y, 1+x~1.4y"), the Henon map"; c, 8(1)is A(x), 
A is a gaussian random perturbation of the öne- 
dimensional iteration A(x) = 3.832x(1 ~ x) (to prevent i 
values occurring outside [0, 1], A(x) was set to 1—y. op ien 
~y if the computed value y of A(x)+random perturba- wae 
tion was >1 or <0): d, SUY is A*(x), A as inc: gM 
is independent trials of a gaussian ‘random’ process 
constructed froma congruential pseudorandom number 

generator. 


assume that the functions f; defined by fix) =f(b(x, iAt)) are 
in a general position. The embedding theorem then implies that 
the mapping F defined by Fix) = (fo fi -<-s fk) is an embedding. 
lif K isat least twice the dimension 
of the state space. We need only observe here that if #(x, t) is 


Sections of a discrete. time series S(t) are now used which | 


5(t) could have been generated by a dynamical system with a 
,6+k)). If kis sufficiently large and the 


(nonlinear) difference equation. 
The practical problems here are that (1) no physical process: 


limited quantities of data. Nonetheless, the data states define 
above can be used to estimate the randomness in a system. In 
two procedures used as an initial test for these methods, the 
data states of a time series are sorted to locate efficiently the 
pairs and triples of data states which are close to each other. 
Longer sections of the data which include these data states can 
then be examined. A 

The first procedure is based on the observation that the e 










largest Liapunov exponent of the trajectory. This suggests that 
the difference R,(r)= log |8(t; +7) — &(tp+7)| of two sections of 
¿the time series 5(f) should be approximately linear in + with 


~ chosen in a given region of the state space. Thus the first step 
~ is to measure R,(r) for. sections of data which immediately 
~ follow pairs of nearby data states A(t) and A(f,). 

There is a limitation in using R,(r) due to the nonuniformity 
v Of the spreading of trajectories in different parts of a strange 
attractor and to the nonlinearity of the observing function f: 
‘The second procedure examined the statistics 


O(thtr)-~8(h+7) | 


R71) = B(to+ 7) S(t +1). 


© R2(r) should be almost constant. In our ‘present tests R, seems 
to be less susceptible to the nonlinearity. of the observable and 
the nonuniformity of an attractor than Ri. l 


procedures. described by Takens'“ and: Froehling et al.'*?. 


. Takens partitions the space of k- -dimensional data states. into 









for varying k and e to estimate the. 
capacity of a. strange attractor. However, in a system with 
andomness, the noise can be expected to dominate the counts 
N (k, e} when ¢ is considerably smaller than. the amplitude of 
the noise. This. place limitations on. the suitability of Takens’ 
process for data with moderate amount of noise. One might 
btain an indication of the noise amplitude in a set of data if 
there is a pronounced plateau in N(k,¢) with varying e, but 
the issue of short term. predictability is not addressed. directly. 
Froehling et al.™™ use a method of local. linear regression to 
fit the set of data states ira given region of the space of data 
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< slope which is generally independent of the sections of data.. 


at times following the close approach of the corresponding 
triple of data states. In sections of a time series for which the 
-strange attractor hypothesis indicates exponential divergence, ‘ 


~The statistics R, and R, are designed to examine more i 
directly the extent of the randomness ina system than the — 


_ components of the near 
boxes of size e. He uses the number N (k, e) of boxes populated | 
: ological entropy and 






Fig.2 Plots of R3ir) against r for 
the same time seriés = (N 
used in Fig. La-d. To compute R; 
from "JON nearby. triples of data 

_ states were located. With r = 0 cor- 

` -responding to the last component 
of the matched data states, 

Slt +r) ~ Siti +r) 


Ratt a Sitat t)~ a(t +7) 


was computed for 7 =0,..., 5. 


































states to a linear subspace. This procedure is complementary 


_to the one described here and can be used to select an optimal 


value for the dimension of the data states which should be used 
when computing the statistics R; and R,. The LLR method 
does not appear to be effective in assessing the issue of short 
term predictability. | 

The extreme examples which have been examined with these 
two procedures are a linear toral Anosov diffeomorphism" and 
independent trials of a gaussian random. variable. The toral 
diffeomorphism is defined by T(x, y) = (2x +y, x +y), where x 


_and.y are regarded as cyclic coordinates (mod 1). The whole 
; two-dimensional torus is a strange attractor for T. The nonlinear 
. function f(x, y) = sin x was used to generate time series ô (t) for 


this system. Examples have also been examined of the time 


=. series drawn from the x-coordinate of iterates of the Henon 


mapping’’ defined by H (x; y)={0.3y,1 +x —1.4y°), and a ran- 
dom perturbation of a one-dimensional. quadratic iteration 


h(x) = 3.832x(1 =x). This. perturbation was formed by adding : 
to A(x) a gaussian random variable constructed from a con- 


gruential pseudorandom number generator. E 
Figure 1 shows the results obtained from applying the ‘frst i 
procedure to time series of 5,000 observations drawn from each _ 
of the examples. Nearby three-dimensional data states have 
been located, and then. Ba) | has been sf nce advo last 
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the results of riiin 


every third data point ‘ther is a va a 3. ie a the 











in the knowledge of the next observation associated with our E 


current knowledge of the data state. 

Figure 2 shows R, statistics for the same time series. The 
gaussian process produced only one triple which was a close 
match, and this was very erratic. Only graphs with moderate 

_ values of the R, statistic are shown. The R, statistic works 

a i strikingly well for the Anosov and Henon mappings, while the 
one-dimensional iteration gives an indication of a small amount 

andomness. Looking at the finer scale of resolution for the 
‘third iterate of this process, the randomness is once again 

‘dominant. 

= The results of these initial test on models of strange attractors 













~ and stochastic systems are promising. The differences between 


time series generated by strange attractors and those generated 
by systems with some randomness are apparent. There are three 
specific indications of determinism versus randomness in the 
tests we have performed with these model data: 

(1) If r=0 denotes the time of the last observations used in 
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Natural tritium production by the reaction, sLi(n, a) 7H, may in 
some circumstances lead to °H contents in the fracture fluids 
of a granite, which are significantly above the present natural 
`H content (0.5 tritium units, TU) of pre-bomb precipitation. 
We show here that the principal factors which determine the 


`H content of the fracture fluids are the U, Th, Li and B contents 


of the rock and its matrix porosity. Granites with high U, Th 
and Li contents; low B content and a low matrix porosity may 
have a naturally maintained °H content of up to about 2.5 TU 
-in water within the matrix. This has important implications for 
the interpretation of groundwater flow patterns from their °H 
contents. Whereas it has generally been assumed that ground-. 


waters with “H contents greater than 0.5 TU have a proportion 


of post-1954 recharge present, this may not always be a valid : : and 7 


conclusion. 


Precipitation. after 1954 contained H which: was produced . _ 
by the thermonuclear weapon testing in the atmosphere. The __ 
`H content of rainfall in the UK has declined from a maximum __ 
of ~ 2,000 TU in 1963 to about 60 TU in 1975'. The pre-1954 — 


7H content (due to cosmic ray production) of precipitation on 


— the western coast of Europe was ~2.5 TU (ref. 2) and a- 


© groundwater which was recharged in 1953 with this °H 
~~ content would at present (1982) contain only a residual 0.5 TU 
because of °H decay (half life, 12.3 yr). A groundwater with 
_ the natural °H input (2.5 TU) would need to be ~ 60-yr old to 
-reduce its *H content to 0.1 TU by decay. This is about the 
- analytical limit? for determining ` `H in water. 

A groundwater with a °H content =0.1 TU is therefore 


E generally considered to be younger than 60 yr and, especially — | 


if the `H content exceeds a few TU, to contain a proportion of 
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Be where (NJ; is the nuntiber of H atoms present after time t and : : 


: P may ro eatiinated i in a manner similar to that used. by Zito 






























riatching nea data states, thes a ieee value al R(1)- -R 2, (0 
shows that one state has exceeded the resolution at which on 
step prediction is possible. | 
(2) Approximately constant differences in the values of Ri 
computed from different trajectories demonstrate a consiste t 
pattern of separation of trajectories like that present. in stra g! 
attractors. — 
(3) Approximately constant values of R-(7) T wi 
give an indication similar to (2) of the orderly separation: © 
trajectories found in strange attractors. 

I suggest that statistics such as R, and R, may help Tesan 
questions about whether the irregularities of time series drawn 
from experimental observations are due to effects which car 
be described by deterministic systems with few degrees o 
freedom. The problems discussed above are related to questio 
about entropy and fractal dimension of data’*, but the method: 
reported here address the question of randomness as the cause 
of irregularity more directly. 
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post- ~1954 precipitation. Here, we consider whether or not it 
is possible that groundwaters older than 60 yr could contain — 
levels of *H>0O.1 TU due to in situ production of `H. Such. 
production is most likely for groundwaters from granites for 
which lithium and radioelement contents are comparatively. 
high. ple 
The only nuclear reaction which can produce significant 7H 
natural activity by in-ground production is the neutron-induced : 

reaction: 


SLi(n, @)}H a) 


The thermal neutron cross-section for this reaction’ is large — 
and neutrons are produced in rocks by both spontaneous fission he 
of uranium and- by (a,n) reactions on the major matrix ele- 
ments; Si, O, Al, Mg. The activity of °H produced at a constant _ 
rate P by neutron irradiation of lithium for time £ is given by: 
a) =A (N), = PU -e™) D 


Ais the decay constant for "H, from which 


Wy Ey ~~ ra- = Ss : : (3) n 


fe a POO oe 
Lim (Wap o @& 


et al.° to estimate in-ground '*C production. The chance, F, of 
neutron absorption by Li relative.to absorption by other 
neutron-absorbing elements i is given by: 


P=g uN Li ii 3 oR N, = Nl Ci = 6) 


where g, N; are the total neutron absorption cross-sections and 
abundances for all elements in the matrix; e; is the cross 
section for reaction (1) and N,; is the abundance of Liin 
matrix. The ciN; summation, C, may be regarded as th 
neutron capture probability for the rock matrix and th 
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Fig. 1 Variation of the `H content of water in a granite with the 
Li, U-and Th contents. A boron content of 15 pg per g (average 
granite, ref. 6) and ‘an equivalent total porosity (see text) of 1% 
were assumed. a, 3.5 p.p.m. U+18 ppm. Th; b, 10 p.p.m. 
£ Url ppm. Th; c, 20 p.p.m. U +20 p.p.m. Th; d, 30 p.p.m. 
i U+20 p.p.m. Th; e, 40 p.p.m. U +30 p.p.m. Th. 


tion rate and B, because of its strong influence on the. total 


_ be: facilitated by substituting for C, in equation (5) as follows: 
i C,=C+ouNutoaNs | 6) 


: whete C is the total absorption probability excluding the contri- 
butions of Li and B. For a granite matrix, the fraction F, of 
: thermal neutrons captured by Li may be shown to be: 


F =[Lil/{1.057 x 10°’ + [Li] +6.827[B]} (7) 


: where [Li] and [B] are the Li and B contents of the rock in Hg 
-per g: This equation was derived for the elemental composition 
of average granite® using cross-sections for thermal neutron 
absorption. Only thermal neutron absorption has been con- 
< sidered as the cross-sections for fast neutron absorption reac- 
tions are generally very much smaller than those for thermal 
neutron reactions and the high abundance of light elements 
({O, Si) in the matrix ensures that neutrons are thermalized by 


of this summation for various rocks are listed in Table 1. The 
~Li-content of the rock matrix directly influences the °H produc- | 


capture probability, needs to be further considered. This may 


D 


where n = neutron production in the rock, neutrons s~’ cm™*. 
The neutron production in granites has been estimated by Feige 
et al.’ (Table 2). : 

Following neutron-induced fission of °Li, the °H nuclei 
formed capture electrons to form °H atoms which diffuse 
through the rock matrix much more readily than molecular 
hydrogen. Their ultimate fate is to combine to form.*H» or to 
exchange with the H atoms of water molecules to form “HHO. 
The latter is much more probable than direct com ion i 
a matrix which contains aqueous fluids as the diffusing H atoms 
are likely to encounter water molecules before they meet other 
`H atoms. Exchange of the diffusing °H atoms with structurally 
bound water or hydroxyl groups in the rock matrix is also likely 7 
to occur. The total water content of the matrix, that is, struc- 
turally bound water and pore- or fracture-contained water, may 
be combined to obtain an equivalent total porosity, @, for the 
rock. The H atoms-are trapped on a random basis by the total 
water in the matrix and its specific activity i in structurally bound 
and pore water is therefore identical with that in the fracture 
fluids from which samples are generally drawn. 

_ The *H content of the fluid is given by the equation: 
£ _P 18x10" 
H PR T PEET (9) 





: P=Fa atomss™' cm” 








where A (0.0559 yr“') is the decay constant of *H and P is the 
3H production rate (atoms r`’); as there are 2x 6.0210" H 
atoms in 1 mole (18g) of water and 1 TU is defined as 1 °H 
atom in 10'* H atoms. The °H content is inversely proportional 
to the equivalent total porosity and will become most significant 
for rocks with both low porosity and only small amounts of — 
structurally bound water. Recent measurements on various 
granites*” Suggest that the minimum porosity is in the range 
0.3-0.5%. The amount of structurally | bound water is also about 
0.5% for unaltered granites’. The minimum equivalent total 
porosity for granite is therefore ~ 1% and in situ `H contents 
were calculated for this porosity. Figure 1 shows the variation 
of °H content with the Li and radioelement contents for a 
granite of average B content (15 pgperg): At high Li and 
radioelement contents, in situ °H production could lead to °H 
contents: in the fracture fluids. which exceed the maximum 
possible residual cosmogenic *H fronit reotarge jüst before 1954 























Cross-section 


Element Atomic No. eh = Ultramafic 
ace era "Be 1 0.000005 
B . ° ($8 ++, 985 0.00007 
Na Woo.) 0,534 0.00013 
Mg 2 0,064 0.00068 
Al | 43. 2. A3 0.00004 
Si 14 0.160 = 0.00108 
Cl ~ 33.6 — 0.00005 
K “19 “2.07 -0.00002 
Ca “20. 0.44 0.00008 
Ti po 61 0.00004 
re 3d 0.00012 
25 135 0.00036 
a 2.56 0.00045 
“OF 37.5. 0.00013. 
CE ee 7 0.00015 
62>» 5,820. . -0.00002 
0.00016 


Ee 49,000 
Di eee 0.00358 


ompositions of vec sine been shed. 


Table 1 Neutron capture pronebiitigs (abundance x capture cross-section) i in rock matrices 


Neutron capture probability (mol barns) 


Sandstone Limestone 





0. ee x 





0. 01045 





| Basalt Se i Granite g 

0.00015 = 0.00040 = 0.00015 0:00034 
0.00035 0.00104 © ~ 0.00244 0.00140 
0.00045 0.00064 — 0.00007 0.00000 

-0.00012 0.00000 0.00000 0.00012 
0.00075 0.00066 0.00021 0.00004. | 
0.00137 KROUET S 0.00209 0,00014 
0.00005 0.00022. 0.00014 0.00014 © 

- 0.00044 0.00176 0.00056 0.00014 
0.00074 0.00017. -0.00042 ~ 0.00332 — 
0.00115 0,00029. 0.00019 0.00005 
0.00001 0.00000 > 0.00000. 0.00000 
0.00048 0.00014 -000001 0.00027 
0.00039 0.00123 == 0.00044 -0.00017 
0.00003 0.00000 0.00000... 0:00000 
0.00001 0.00000- 0.00000 — = 000000 
0.00019 0.00034 0,00038 0,00005 
0.00156 0.00280. 0.00311- 0.00040 
0.00841 0.00668 











Table 2 Neutron production in granites 











“a, Spontaneous fission (s.f.) neutrons 
ee Neutrons per year 


sf. half life Neutrons per pg of 

(yr) | per fission natural U 
804x10" 7 0.4762 
1.8710’ 2.5 0.0002 
one ane 0.4764 





‘Neutrons produced by a -irradiation of light nuclei’ 


~ SiO» content Neutrons per year per g of rock for each p.p.m. 
(%) U > Th 
60 1.70 0.76 


70 i 1.44 © o 065 





(0.5 TU). The effect of increased B contents is demonstrated 7 


by Table 3. In general, a 10-fold increase in B content results 


i < ina 3- to 5-fold reduction in the amount of in situ produced 
A in the fracture fluids. Variation of the Gd content of the 


-matrix would also significantly affect °H production. 

-The Carnmenellis granite, one of the major outcrops of the 
` granite batholith of South West England”, is known to have 
-high radioelement and Li contents. High salinity groundwaters 
occur in tin mines at depths of up to 690 m, and these have 
~ been shown to result from alteration reactions of the granites 
with meteoric waters’'. These waters had apparently constant 
*H contents of 6+2 TU over a range of salinities and this could 
be a consequence of either in situ “H production or variations 
in the extent to which alteration reactions have proceeded. 
Lithium is generally present in the biotite’* and an average 

whole-rock Li content for the Carnmenellis granite is 278 ug 
per g, compared with an average Li content of 340 „HB perg 
-for the similar, poorly megacrystic, Dartmoor granite ’*, Higher 
average Li contents (~1,100 pg per g) are present in the St 
Austell granite’. 

-The available data for the Carnmenellis granite suggest that 
“its B content is of the order 250 pg per g, compared with 15 ug 
per g for average granite. Outcrop samples of the Bodmin 
granite have an average B content of 270 wg per g whilst the 
two available analyses (J. R. Hawkes personal communication) 
of the Carnmenellis granite are 85 and 230 pg per g respec- 
tively. Tourmaline is the principal B- bearing | mineral and is 
present in both primary and secondary forms'’. The variation 
of B content with depth in the granite is not known but it is 
likely that secondary tourmalinization is greater towards the 
granite margins. The B content at depth is therefore unlikely 
to. be greater than that at outcrop. The Gd contents of the 
‘Cornish granites’* are similar to those for average granite. 

The dependence of *H production in the Carnmenellis granite 


on. Li and B contents is indicated in Table 3. It is evident that | 


for the probable geochemical conditions in this granite (250- 


500 wg per g of Li; 250 pg per g of B), the in situ “H production — 


cannot supply more than 0.5 TU to.the fracture fiuids. Higher 
Li contents occur in the nearby St Austell granite for which 





‘Table 3 *H-content of acute fluids resulting from i in situ ` *H- -produc- a 


tion, for various Li and B contents in the Carnmenellis granite” 





7H-contentt, TU for B-contents (ue per g) 


Li-content 
(wg per g) 15 50 250 500 1,000 
50 0.14 0.11 0.05 0.03 0.02 
250 0.57 0.47 0.24 0.15 0.08 
500 0.95 0.81 0.45 0.29 0.17 
1,000 1.40 1.25 0.76 0.52 0.31 
1, 500 1 67 1:52 1.00 0.71 0.44 





US 13.6 p.p.m.; Th = 16.9 p.p.m. (ref. 15). 
 +For an equivalent total porosity of 1.0% and a rock bulk-density 
of 2.6gcem™”. 
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_ unpublished analyses of the Cornish granites by the Laborator 
of the Government Chemist. The support of the“ 
Environment Research Council through research 


The oxidative polymerization. of polyphenols in soils is regarded T 


: inorganic components, especially noncrystalline to poorly cry 
talline Fe, Al, Mn and Si oxides commonly occurring ‘in 
soils'*"°, in affecting the browning of polyphenols is still 





of E TÙ coiutld: be present in fracture fluids a as a result 
production. It is, however, concluded that the 6 TU 
in the deep groundwaters from the Carnme His grani 
be principally due to the presence of meteoric water of po 
1954 origin. In the most favourable case for *H producti 
granite with a high Li content and an average B content 
consequent fracture fluid °H content is unlikely to exceed 1 
in most cases, or up to 2.5 TU for highly uraniferous grani 
We thank A. H..Bath, W. M. Edmunds, J. R. Hawkes an 
M. Stone for helpful discussions, J. R. Hawkes for access t 
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as one of the main processes in the formation of humic sub-. 
stances’’. The polymerization causes the darkening of the 
colour of polyphenols—the ‘browning phenomenon’ —which | 
can be accelerated non-enzymatically as well as enzymati- : 
cally’"*, However, the relative effectiveness of vario 


obscure. The elucidation of the relative effectiveness of these. 
oxides is of importance in understanding their roles in the 
formation of humic substances in the environment. We report 
here that Mn(1v) oxide is a very effective oxidant with respect 
to the abiotic browning of hydroquinone solution over the pH 
range (4-8) common in soil. On the other hand, the accelerating 
effect of Fe oxide on the browning is extremely small. The 
promoting effects of Al and Si oxides were not observed in the 
conditions studied. The results obtained in the present study 
indicate that Mn(1v) oxides deserve close attention in. the 
abiotic formation of humic substances in the environment. . 


hd Permanent address: Faculty of Agriculture, University of Yamaguchi, Yamaguchi; 
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pe iod of 24h 













Initial pH of 5.0 Initial pH of 6.0 


| Ee z A | fo ls Final Absorbance Final | Absorbance 
| pH BR) 400m 600a nm pH Eh(V) 400nm 600nm pH Eh(V) 400nm 600mm 
None : 40" a O88 , Colourlesst = 50 0.32 Colourless? 6.0 0.27 .  Colourless* 
Mn. SAE OO 044. 164 -0.46 5.3 0.38 0.88 0.20 7.5 0.32 ...7.44 1,84 
Fees c40 0,406 0. 06., 0. 02. 5.0 0.33 0.01 Colour- 6.1 0.27 Colourlesst 
A E e ee lesst 
J 0.38 E ET 5.0 0.32 Colourlesst 6.0 0.27 Colourlesst 
ye 38 i Colourless? 0.32 Colourless? 








m pH ol 7: 0 




















0.27 Colourless? 





Initial pH of 7.8 


-Final Absorbance Final Absorbance 
: * EA(V) 400nm 600nm pH  Eh(V) 400nm 600nm 

None = 69 0.24 0,30 0.09 69 0.24 0.70 0.17 
Mn KIA 0.29 8.62 2.06 11 0.32 8.86 2,12 
Fe 6.9 0.25 0.10 0.02 7.0 0.25 0.37 0.10 
AL 67 0.25 0.10 0.04 6.8 0.24 0.24 0.08 

Si 68 0.24 0.20 0.06 6.9 0.24 0.49 -0.12 





* The experimental procedures were as stated in Fig. 1. 
t The supernatant is visibly colourless and its absorbance is < 0.01. 














a Nancie or poorly crystalline oxides of manganese 

_ {birnessite, 85-MnO;), iron, aluminium and silicon were pre- 

-pared and used in this study as they commonly occur in soils ®", 

~ Hydroquinone was used as the phenolic compound in this study, 

_ because benzoquinone derivatives are known to be parts of the 
> chemical structure of humic acid*?*°, and the use of catechol 

a derivatives which rapidly form coloured chelate complexes with 
iron” is inadequate for this study. 

Figure 1 shows the absorption spectra of several browning 
solutions in the visible region at the end of the reaction period 
of 24h. The colours of the solutions were light reddish brown 

to dark brown, and differed from the colour (yellow) of p- 
-i benzoquinone which is an oxidized monomeric product of 
= hydroquinone. The shapes of their spectra varied with the 
“reaction conditions, indicating that substances with varying 
degrees of polymerization were formed. Their absorbances in 
`> the visible region were distinct from each other. The degree of 
-the browning of hydroquinone solution as influenced by the 


No. Mn oxide* Antiseptic Inoculum? 
1 m P be 
2 o HeCh — _ 
3 a ee Toluene ii 
4 9. oeii ae i r: 
5 + — 
6. +o. HeCh a 
7 + Toluene S 
8 : : + 


L 


Jnity Orthic soil 
= The growth of i 

jutrient broth and. agar", 7 

-$ ND, no colonies were observed -< on the plates even after 4 days. 

| The supernatant i i visibly colourless and its absorbance is < 0.01. 


Wilkie, Saskatchewan, Canada. 












a Table 2 Effects of antiseptic and inoculum on the browne of hydroquinone solution both i in the absence ard presence of bimessite at the end 
| of the reaction period of 24h 


: *20n mg of Mn. ‘oxide’ (birnessite)”” was suspended i in 20 ml of 0. 1 M sodium acetate solution at pH 6. G containing 10 pmol ml” 
certain: caes, 2 mi of woe. 2 ml of 1% HgCh, 1 mi of toluene or 2 ml of inoculum was added. “The subsequent procedures are as stated in 


various oxides can be compared by using light absorption at 
given wavelengths. The degree of humification of humic acid 
is commonly determined using light absorbances at 400 and 
600 nm (ref. 9). Therefore, in this study, the absorbances at 
400 and 600 nm were used to determine the effects of the 
oxides on the browning. 

Table 1 shows the effects of Mn, Fe, Al, and Si oxides on 
the browning of hydroquinone solution at different pH values 
at the end of the reaction period of 24 h. The control solution 
without the oxides became coloured only when the initial pH 
of the solution was 7.0 or higher. The degree of the browning 
at pH 7.8 was higher than that at pH 7.0, indicating that 
oxidative polymerization was promoted at the higher pH. The 
addition of Mn oxide greatly accelerated the browning over the 
pH range (4.0-7.8). The degree of the browning in the Mn 
oxide system was influenced by the pH values. In the case of 
pH 5.0, the degree of the browning was much lower than that 
at other pH values. In both solutions of pH 4.0 and 5.0, the 














a Absorbance 
Final pH - Growth of micro- 400 nm 600 nm 
organisms? 
-6.0 Colourless’ 
5.5 0:23 0-04 
6.0 Colourless! 
6.0 Colourless“ | 
TA ~ NDS 6.70 1,66 
y ND ~~ 400 1.42 
74 ND -6.70 1.66 
74 ee 1.66 


6.700 






' hydroquinone; 


traté was: obtained fon the soil water suspension (soil:water ratio= 1:10). The fresh soil sample was taken from the Ap horizon of the 


micr ‘oorganisms in the. solution at the end of the reaction period of 24h was examined using agar plates which contained 








Absorbance 





400 500 600 


Ce ee 
0.1 


400 500 600 
Wavelength (nm) 


Fig. 1 The absorption spectra of several browning solutions in 
the visible region at the end of the reaction period of 24h. a, 
Control (hydroquinone); b, Mn system; c, Fe.system; d, Al system; 

_ e, Sisystem. pH means initial pH of the hydroquinone solution 
used, In systems b to e the Mn oxide (birnessite)”', Fe (ref. 22), 

~~ Al (ref. 22), and Si (ref. 23) oxides were prepared. Twenty mg of 
“each oxide was suspended in 20 ml of 0.1M sodium acetate 
solution at different pH values containing 10 pmol ml” | hydro- 
quinone. The flasks (125 ml) containing the suspensions were 
placed in an oscillating shaker in a water bath at 25°C for 24h. 
‘After the reaction period, the suspension was centrifuged at 
38,000g for 20min. The absorbance of the supernatant was 
measured with a spectrophotometer directly or after dilution, the 
resulting absorbances were scaled by the dilution factor, The 
sodium acetate solution which did not contain hydroquinone was 

used as reference. 


Mn oxide added was dissolved at the end of the reaction period 
of 24h. In the solution of pH 5.0, a very broad absorption 


= band ranging from 400 to 600 nm was observed; this is different 
‘from the other Mn systems (Fig. 16). Therefore, the low degree 
of the browning at pH 5.0 may be attributed to the formation — 


of a stable complex which does not polymerize further. In the 
cases of pH 6.0 or higher, the degree of the browning was much 
higher than that at pH 4.0 or 5.0. This result cannot be explained 
by the Eh values of the system, because Eh decreased with — 
increasing pH. In the Mn oxide systems to which were added — 
solutions of initial pH values of 6.0, 7.0 and 7.8, the final pH 
values ranged from 7.5 to 7.7. On the other hand, final pH 
values in the control systems ranged from 6.0 to 6.9. Therefore, 
the high degree of the browning in the Mn oxide systems at 
the initial pH values of 6.0 or higher is. attributed to the 
following processes: (1) the Mn oxide acts as a Lewis acid which 
accepts electrons from hydroquinone leading to its oxidative 


„= polymerization and (2) the acceleration of oxidative polymeri- 
_ zation which is driven by an increase of pH which is in turn 
~~. caused by the reduction of Mn oxide. 


_. The absorption spectra of the browning solutions in the Mn 
` systems at pH 4.0, 6.0, 7.0 and 7.8 (Fig. 1b) were similar to 
-those of humic acids’. Their Alog K, namely, the logarithm of 
‘the ratio of the absorbance at 400 nm to that at 600 nm (ref. 


oxides, a decrease in the degree of the browning was obser et 


hydroquinone solution was then studied. As shown in T 


























: 00.62. This. indicates that Mn ox ide 
capable of accelerating: the conversion of phenolic compoun 
such as hydroquinone to humic acid-like polymers with a rèla: : 
tively high degree of humification. - a 
The promoting effect of Fe oxide on the A mee 
observed only in acidic conditions, and the effect was higher ¢ 
pH 4.0 than at pH 5.0 (Table 1). The accelerating effects o 
Al and Si oxides on the browning were not observed at. all th 
pH conditions studied. i 
The control solution became coloured when the soluitied: i 
adjusted to pH 7.0 or.7.8. In the presence of Fe, Al and 

















This decrease is attributed to the speed dea of. the brow 
substances by the oxides. , ion 
To determine whether microorganisms influence: th : 
ing of hydroquinone solution in the conditions studied, anti 
tic or inoculum was. added to- the system. The browning 






the hydroquinone solution in the absence of Mn oxide \ 
colourless both in the absence and presence of toluene Or 
inoculum. The degree of the browning in the Mn oxide system 
was not influenced by the presence of either toluene’ or 
inoculum. HgCl, slightly accelerated the browning of hydro- 
quinone solution without Mn oxide, indicating that HgCl, has 
a weak power in causing the browning. The presence of Hgt) 
in the Mn.oxide system slightly suppressed the browning. HgCh 
is a considerably weaker oxidant than MnO, (Table 2). There- 
fore, the influence of HgCl, on the browning of hydroquinone 
solution by MnO, may be attributed to the blocking of a portion... 
of Lewis acid sites on the surfaces of MnO, by Hgt). Agar: 
plates, inoculated with the browning solution, did not show any. ` 
growth of microorganisms (Table 2). Therefore, the results: 
clearly show that the browning of hydroquinone solution in the: | 
conditions studied occurs abiotically. PR 
Our data reveal that Mn(I'v) oxide is a very effective. oxidant E 
compared with Fe, Al and Si oxides in the abiotic browning of 
hydroquinone. This finding indicates that Mn(Iv) oxide may 
have an important role in the formation of humic substances. 
in the environment. p 
This study wassupported by a grant from the Natural Sciences “se 
and Engineering Research Council of Canada. We thank Dr 
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Submarine hydrothermal vents are a major source of methane 
to the oceans'’. The methane, as well as H, and CO, are 
- generally believed to result from degassing of the mantle or 
. from abiogenic water-rock reactions’, a conclusion supported 
-by direct correlations between *He and CH,, and generally 
< between CH,, H; and CO and dissolved silicate in hydrothermal 
waters”. An alternative source for these gases might be micro- 
biological. This would imply that active bacterial communities 
_ exist in deep-sea hot water environments, some of which have 
_. temperatures exceeding 100°C; this inference is without pre- 
. cedent. We have now found that the super-heated waters 
_ emanating from sulphide chimneys at 21°N along the East 
___.. Pacific Rise and samples from the sulphide chimneys themselves 
- harbour complex communities of bacteria capable of growing 
- with generation times of 37-65 min, producing CH4, CO, H, 
and traces of N,O in media containing S203, Mn?” and Fe?* 
_ as energy sources, and oxidizing CH,, at 100+2°C at 1 atm. 
_ These microbial communities consist of three to five mor- 
- phologically distinct types and include both oxidative and 
aes ‘anaerobic species. These mixed cultures will not grow at tem- 
peratures below 70-75 °C. Even though some of the com- 
munities originated from water of temperatures >300 °C, it is 
not known if they can grow and produce CH,, CO and H, in 
= super-heated waters kept liquid due to hydrostatic pressure. 
< The discovery of these obligately thermophilic, gas-producing 
and consuming bacterial communities associated with sub- 
“marine volcanic environments has interesting and important 
: implications for prokaryotic evolution, marine geochemistry, 
industrial microbiology and exobiology. 











Concentration of biologically 
important constituents (pM) 


Temperature (°C) 












Sample amet 

designation Probe Corrected pH H.S Mn 
978 5/6 220 195 5.12 7.5 1,088 
- . 9787/8 120 22 6.04 600 120 
or 9807/8 84 46 6.27 475 68 
O79 AT/12 100 3 7.53 1.2 17 
© £2979 1/2 120 6 6.96 3.4 46 
< 9803/4 170 160 4,9} 1,300 286 
~~ OBO 5/6 30-60 34 6.46 5 96 
9827/8 290 306 4.24 4,300 800 

< OFB(Niskin)* 3 3 Sample not analysed chemically 





Is the CH4, H; and CO venting from 
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“Submarine hydrothermal systems located along tectonic rifts 
and ridges off the Galapagos Islands and along the East Pacific 
Rise* and the Gorda Ridge have been studied and sampled 
since 1977. Two groups of vents have been described: (1) cracks 
and small fissures which emit warm water (5-22 °C) at a flow 
rate of ~2cms™' and (2) spectacular 3-10-m high conical 
sulphide mounds (chimneys) out of which spout super-heated 
waters with temperatures as high as 380+ 30°C and flow rates 
of metres per second (ref. 5). At the depth of these hydro- 
thermal systems (2,500-2,650 m) seawater can remain liquid 
at temperatures up to ~460 °C due to the effect of hydrostatic 
pressure’. Sulphide chimneys are found at 21° N along the East 
Pacific Rise, and the warm water vents are found at both the 
Galapagos Rift and at 21°N. Associated with each of these 
hydrothermal environments are extensive and diverse groups 
of animals which are now known to derive their energy from 
chemosynthetic bacteria’, These bacteria, which are found in 
large numbers in warm vent waters*®, on animal and rock 
surfaces'''', and as endosymbionts associated with specific vent 
animals’’, utilize S, metals and possibly organic gases and H, 
as energy sources. Bacteria had previously not been thought 
to exist in the super-heated waters associated with sulphide 
chimneys. 

During October and November 1979, samples of hot vent 
water, sulphide chimney sections and associated fauna were 
obtained from the East Pacific Rise at 21° N using the manned 
submersible, Alvin. The present report is based on microbial 
cultures obtained from eight hot water samples from black and 
white smoking chimneys and one chimney wall sample. Initial 
chemical, physical and microbiological analyses of these waters 
were made on board the R/V Gillis shortly after the samples 
surfaced. 

In general, the concentrations of the biologically important 
chemical constituents, HS, Mn and Fe, were high in all samples. 
The concentration of each chemical species was dependent on 
the degree of mixing with ambient seawater (Table 1). Degree 
of mixing is indicated by the difference in the water tem- 
peratures, both as measured with a temperature probe attached 
to the Alvin and as calculated from Mg numbers (see corrected 
temperature measurements, Table 1). Also, the presence of 
anaerobic and aerobic bacteria capable of growing at 25°C in 
some of the samples indicate mixing of the sample with bacteria 
from ambient or warm vent water. This is particularly apparent 


emcee ALLL LN CC CIC NON te aaia enthuse n AAN e 


Table 1 Chemical and microbiological characteristics of hot water venting from sulphide chimneys at 21° N along the East Pacific Rise 





Total nos of bacteria 


Viable counts Presence 

Direct counts at 25°C imt of 
Fe Si (ml +} Aerobic Anaerobic — thermophiles 

153 11700 1.4 108 <1 -80 + 
20 1,300 7.4x10° <1 310 + 
ma 2,839 3.8x 10° <j <4} + 
56 200 18x10 <1” 25 
14 390 3.6 x 10° 5 40 $ 
206 9,600 2.8x 10° <j <] + 

137 2,100  ~ No data No data No data No data 
= 18,320 4,7x 10° <1 <i + 
8.6 « 10° §.3x10° <j ~ 





AI water samples were obtained with 750 ml. gold-plated stainless steel and brass (one valve) samplers (provided by Sandia Laboratories, New Mexico) using the 
~ submergence research vehicle Alvin in October 1979. Subsamples were taken into sterile 20-150-ml bottles. Corrected temperature measurements were calculated 
= from the relationship: T = 0.00667 CC. umol’) (Mg) where Mg = Mg ambient~ Mg measured; T = sample temperature. Mg data were provided by J. Edmond. All 
- chemical measurements and pH were from John Edmonds (unpublished). Total direct bacterial counts were measured by epifluorescent microscopy using the procedures 
of Zimmerman and Meyer-Reil”', Water samples wére immediately fixed on shipboard with 2% glutaraldehyde (Tousimis, electron microscopy grade) and maintained 
at 1°C until. counted back in the laboratory; total aerobic viable bacteria were enumerated using a basal salt medium (MS) which contained: NaCl, 26 g; KCI, 0.8 g; 
o MgCl, SHO, 5.6 g; MgSO,-7H,O, 7.6g; CaCl, 0.1 g in 11 twice distilled water; MS was supplemented with Na,S,O,°5H,O, 0.5%; FeSO,‘ 7H;0, 0.02%; 

MnSO,,.- H30, 0.08%; Na,MoO,-2H,O, 0.001%; Na,HPO,, 0.9%; KH,PO,, 0.15%; NaNO,, 0.1% trace element mixture according to Rippka, et al., medium 
justed to pH 7.5. Total anaerobic viable bacteria were enumerated using MS supplemented with 0.25% sodium formate, 0.1% NaNQ,, trace element mixture and 
phosphate buffer (above) at pH 7.5 and incubated in anaerobic jars in an atmosphere of H, and CO, using BBL Gas Pax disposable gas generator envelopes. Bacto 
purified agar (Difco) was dialysed in twice distilled water to remove soluble organic compounds and 12 g1°' was used. Water samples were enumerated using the 
pread plate technique for dilutions of 0.1, 0.01 and 0.001 ml whereas 1-, 5- or 10-ml samples were concentrated using 0.22-4m Millipore type GS membrane filter. 
The filters were then placed on the surface of the agar plates. The presence of thermophiles was detected using enrichment medium containing MS supplemented as 
described above for aerobic plating medium. Duplicate enrichments were adjusted to pH 5 and 7.5. A dilute heterotrophic medium 1/10 strength Lib-X (ref. 23) 
_ was also used. Glass screw-cap culture tubes (1.8 x 12 em) containing 10 ml of the enrichment media were inoculated with 1-2 ml of the water sample. The inoculated 
_samples were then placed in a boiling water bath for 1 h to minimize contamination and then incubated at 86°C on a generator in the engine room of the R/V Gillis. 
_ All of the inorganic media enrichments at both pH 5 and 7.5 showed positive growth within 4 days. No growth was detected in the heterotrophic medium after 10 days. 
- * Sterile Niskin bag sample used to collect water from sites located adjacent to vents. — 
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CH, and CO prodi a 





Table 2 Rate of Hz; 





per mf`' 
à Medium nmol per ml per h per9h Presence of. 
R Sample Inoculum size (per 30 mi) Type pH H, CH, co N20 (nmol mir 4 
a 5/6 (water 1.3 10° A(S-NH;) 7 102 42 10 Q.15 at 36. he 
| 5 7 39 9 ND o 
. Cíformate} 7 31 27 11 0.12 at. 36 he 
one D(no energy source) 7 0.3 0.3 9.6 ND» 
E re 7 <- Atkilled cells)* ND ND ND ND» 
“~~ 9827/8 (water) 30x10 OA 7 54 22 14 Trace} 
pie i a 7 (10}} (46) (22): Tracet 
R Dee ~ 4 0.2 ND ND ND. te 
war Atkilled cells). ND ND ND ND? 
3140 (sulphide chimney rock) 6,1 10° B(S-NO3) . a 7 24 24 7.5 Tracet 
e ae § 23 22 10 ND 
€ A 7 26 25 10 "i, 3 at 36h h 
D. 7 0.3 ND. ND ND. 
oe Atkilled cells) an . ND ND ND ND. 





Inoculum size was determined using epifluorescent microscopy. “All l média were made with MS (see Table 1 legend) supplemented with trace element mix a 


Gas production 


nmol 


< 1) and buffered with 1.0g1°' HEPES (Sigma). Medium A contained 0.02% FeSO,-7H,0; 0.06% MnSO,-H30; 0.002% Na M00; 2H,0; 0.02% (NH,);80,; . 
205) 0.2% Na,§$,0,:°5H,0; 0.03% Na,HPO,; 0.05% NaHCO;. Medium B is the same as medium A except 0. 02% KNO, was used in place of (NH,),SO, asa- nitrogen 


G - source. Medium C contained 0.02% FeSO, 7H,0; 0.06%. MaS0O;: H0; 0.002%. Na;Mo0O;2H0; 0.02% (NH,),80,: 0.02% sodium formate; 0.03% Na HPO; 


Medium D contained MS plus HEPES buffer and 0.03% Na, HPO, and was used as a non-energy source medium. This medium was inoculated as described for other 
reactions. Cultures were inoculated into 60-ml serum. bottles containing 30: ml medium, The serum bottles were capped with Teflon caps. All media were equilibrated © 
at 98-100 °C before inoculation and capping. No gases: were detected in any of the uninoculated medium controls. All gases were detected by gas chromatography. 
using a modification of the procedure described by Swinnerton and ‘Linnenbom™* with a custom-built gas chromatograph equipped with helium ionization, flame — 
>. donization and electron capture detectors”. In all cases most of the H, and: CH, was produced by these cultures within 3h of inoculation. The levels of CO continued : 
to increase over a period of 8-12 h. The rate. of gas formation was calculated based on three measurements made at 45 min, 2h and 3h for H, and CHa and at 


45 min, 3 h and 9h for CO. ND, not detected. 


* Inoculum was exposed to 5%. neutralized formalin for 24 h at 15°C. The cells were then centrifuged at 12,000g for 10 min in a Sorvall RC-2B, resuspended ie oe 


medium A and diluted to 10° cells per ml after counting by epifluorescent microscopy. 


+ In these samples only one gas sample was measured after 30h incubation. Based on other experimental results (see above) these concentrations of gases were 5 ; 


BrobblY reached within 3 h, 
+ Trace levels of N20 were <0.1 nmol mi”? but >0.025 nmol mi +, 


in samples 979 11/12 and 979 1/2. These samples also showed 
the greatest degree of mixing based on the Mg temperature 
calculations. In all samples, except the ambient Niskin bag 
-sample (978), bacteria capable of growing at 86 °C were detec- 
ted by enrichment in media composed of inorganic energy 
sources at either pH 5 or 7, but not in a dilute heterotrophic 
medium. The hottest water sample (982 7/8), which came from 
a black smoker, had the highest concentration of H-S, Mn and 
Si and the lowest pH. In contrast, the other hot sample (978 
5/6), which originated from a white smoker, had considerably 
lower levels of H-S. High concentrations of Ha, CH, and CO 
were detected in both these samples. Also, in samples 979 3/4 
and 982 7/8 the concentrations of CH, and Hy exceeded 20 
and 200 uM, respectively (M.D.L. and L.LG., unpublished). 
The mixed communities of thermophilic. bacteria have been 
kept intact by incubating at 85 °C with the transfer of 50 ml of 
culture into 450 ml medium at 6~8-week intervals. The experi- 
.. mental results reported here used these cultured communities. 
_ The mixed cultures of thermophilic bacteria from these hot 

waters grew slowly at 80-86 °C and there was no evidence of 
gas production. When the cultured bacterial communities were 


transferred to fresh medium and incubated at 10042 °C ina > 


water bath using a high boiling commercial coolant, rapid 


growth and active gas ebullition were observed. Table 2 shows 
and small cocci (0.5-0.7 zm) dominated. young cultures (up to. 
= Th) whereas in older cultures, sheathed, budding and filamen- 

_ tous bacteria, and a coccus having spines, were observed. 


the specific gases synthesized by the cultures and their rate of 


formation at 100+2 °C. The rapid production of CH, by these ` 


communities was unexpected because no precautions had been 
taken to maintain anaerobic conditions with the initial water 
samples or with subsequent cultures. The gases were formed 
at both pH 5 and 7 in inorganic media and in a formate medium. 
In contrast to the H, and CH,, which were at detectable levels 
< within minutes after the samples were prepared, CO and N,O 
ad -Tequired 9-24 h of incubation to reach measurable concentra- 
tions. The sulphide chimney sample also harboured a ther- 
“mophilic microflora capable of producing the same suite of 
„gases as the hot water cultures. This suggests either that there 
jg a resident population. of these organisms associated with 
_ sulphide chimneys which could be washed off into the venting 
= fluid, or that these sites are contaminated with hot water bac- 

- teria. The pia lake of the outer surfaces of the Chimney 





are not known, but observable schlieren indicate that they are: 
considerably warmer than the ambient seawater (J.A.B. and. 
L.LG., unpublished observation). = 

The thermophilic communities investigated are composed of 3 
anaerobic and aerobic bacteria including methanogens and- 
methylotrophs. Table. 3-shows- the rate of CH, oxidation by 
these cultures. Neither the proportion of methane oxidizers in 
the cultures nor the versatility of the organisms in oxidizing 
other gases and ammonia have been determined. Enrichments 
in CH, and methanol-containing media with the intent of isolat- 
ing pure cultures have resulted in a predominance of bacteria _ 
having homogeneous morphological characteristics. However, 
due to the mixotrophic nature of the cultures (oxidize CH4, 
Mn** and NHj), we are not yet positive of their purity. 

The generation times of the mixed cultures at 100°C in a 


medium containing S, Mn, Fe and NaHCO, ranged from 37 to ~ 
65 min (Table 3). The bacteria associated with the hottest water = 


sample (982 7/8 at 304°C) also had the shortest generation 
time. The lack of any measurable lag phase in the growth of- 


these cultures at 100°C might help explain their rapid produc- ; 


tion of CH, and H- (Table 2). Within 12-15 h incubation, the- 


total numbers.of bacteria remained constant at ~10” cells mI” a 


although morphologically distinct groups continued to replace 
other groups for up to 2 weeks. Rod-shaped bacteria (1-2 pm} 


Because very few microorganisms have been described which. 
can grow above 90 °C and only one species has been shown'*"'° 


_ to grow above 100°C, it is probable the vent thermophiles are 


new species. For example, the highest growth temperature: 
previously reported for a methanogen and a methylotroph are 
~70 and 55°C, respectively” ‘17 Also, because of the unique- 
ness, of these marine thermophiles, nothing is known about the: 
biochemical reactions involved in their formation of Ha, CHi. 
and CO. The elucidation of these metabolic pathways awaits 
the isolation of pure cultures. Due to the growth temperature. 
characteristics of these communities and their propensity. 


form clumps and sheaths, it has been difficult to obtain pu 


cultures. 





"SR n rate 


“No, of 


bacteria 
Ps Sample . Time (h) imi! x 104) 
978 56 (water) 0 iz 
, i 2 4.0 
3.5 34 
: l l 7 98 
o O 11 3,900 
9287/8 (water) | 0 aT 
nee 2 15 
3.5 150 
7 2,800 
11 11,060 














140 (chimney rock) 


supplemented with 0.2% Na,S,0,- 5H,O; 0.02% “MnSO,"1 









“Growth. rates: A bacterial communities: at 100°C were determined. using epifiuorescent. microscopy. The growth. medium was MS with 0. 5% HEPES buffer 
HO; 0.02% FeSO,-7H;0; 0.05% (NH,),$0,; 0.01 Ca(NO,), 0.05% Na, HPO., 0.05% NaHCo,; 
trace element mix (see Table 1 legend); 0.001% Bacto-yeast extract (Difco) and adjusted to pH 7.0+0.2. Yeast extract to 0.001% was found to stimulate growth of 
the communities. Higher concentrations were inhibitory. The component(s)-in. yeast. extract. responsible for this growth response is not known. Growth rates were 
= determined from duplicate 100-ml cultures in 150-ml screw-cap bottles...10-m! subsamples. from: each cultiire were used in all the bacterial count measurements. 
Methane oxidation rates were measured using “CCH, ata final concentration of 1 yCiml> (50 mCi mmol"), The bacterial cultures were grown in MS supplemented 
>with trace element mix, 0.02% NaNO ,; 0.03% Na,HPO,; 0.02% Mn$O, H3O; 0.5% HEPES buffer in 60-mi serum bottles containing 25 mi medium with a gas 
-o mixture consisting of 20% methane and 80% air. After 24h incubation at 100 °C, the cultures were brought up to a volume of 50 ml! with MS medium, flushed for 
= min with air, capped and 1 ml of '“C-CH, was added. Three sets of triplicate samples were run for each culture and the rates of methane oxidation were measured 
` after 1, 2 and 4h. Oxidation of methane was terminated by adding 1 ml of 10M NaOH. The samples were then transferred to 100-ml serum bottles fitted with rubber 
“caps according to the procedures of Harrison er al** and the '*C-CO, was collected on 8-phenylethylamine-impregnated filter paper. The level of “*C-CH, incorporated 
into cells was determined as previously described”. All samples were counted using a Beckman LS 100-C scintillation counter in 10ml toluene fluor (Omnifluor, 
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Inoculum size 





` Generation “C- cH, oxidized 


(no. bacteria 

time (min) wo CO, (nmol h ® per 50 mb 
7 2.5-3.9 5.010" 
65 0 88 1.5107. 





io NEN). All counts were corrected for counting efficiency by the chatinel-ratio method: In general, about 1-5% of the total “C-CH, taken up by these communities 





































. Was incorporated into cellular material. 


One of the important questions regarding the oxidative 
. Microbial activity in anaerobic submarine hydrothermal waters 
avis the nature, source and concentrations of the electron accep- 
tors. Oxygen and NO3;, the most abundant electron acceptors 
in ambient seawater, were either not detected or were present 
< in low concentrations in waters from the Galapagos vents? or 
-from 21°N chimneys (J. Edmond, personal communication). 
~ However, due either to the leaky nature of hydrothermal sys- 
tems or to advection processes, it is possible that O, and NO3 
are involved. As these electron acceptors would be the factors 
_ ..which most limit bacterial productivity, they would be rapidly 

utilized in situ. Many of the sulphur- and manganese-oxidizing 
> bacteria isolated from the Galapagos and 21°N waters and 
: animals are capable of coupling oxidation reactions with 

denitrification (J.A.B. unpublished data). An alternative 
hypothesis would be that other electron acceptors such as MnO; 
< and N20 could be abiogenically synthesized in hydrothermal 
waters. 
~ Even though the temperatures of some water samples har- 


„that these bacteria grow in those super-heated waters. As 
_ previously stated, seawater at the depths of these environments 
_ can remain liquid at temperatures up to 460 °C (ref. 7). Also, 
- in some cases increased hydrostatic pressure can affect microor- 
" ganisms in a manner analogous to a decrease in temperature’. 
_ Further experiments are needed to test the possibility that these 
thermophiles can grow in. super-heated water at pressures 
-equivalent to water depths of 2,500-3,000 m. Determining the 
-maximum and optimum growth temperatures under such in situ 
: pressures will help to characterize the distribution of actively 
growing thermophiles in submarine hydrothermal environ- 
ments. | 

Although we do not know the extent to which microorganisms 
are contributing to the quantity of CH,, H, and CO venting 
from hydrothermal systems, our preliminary findings indicate 
that these gases may not be produced entirely by abiogenic 
reactions. Particularly in the lower temperature vents, microbial 
formation of these gases may be very significant, but even in 
the high temperature: vents at 21° N, this mechanism cannot be 
ruled out. 


` bouring thermophiles were above 300°C, we cannot conclude- 


» Finally, it has been suggested that the first group of microor- 
ganisms to evolve in the warm Archaean oceans were ther- 
mophiles and that submarine hydrothermal environments could 
be suitable sites for chemical and microbiological evolution to 


occur'®?°, It is tempting, therefore, to suggest that some of 


these present day marine hydrothermal vent thermophiles may 
represent physiological analogues to Archaean ocean bacteria. 
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Some amphibians have the ability to form new limbs throughout oe 
their lives. The essential similarity between limb regeneration 
and the original development of the limb is that both involve 
the elaboration of new patterns of structures. While some | 
investigators believe that the two developing systems use similar 
“7, others have’ 


mechanisms to generate the limb pattern’ 
~ stressed the basic differences in developing and regenerating 


limbs, and have concluded that different mechanisms. exist’... 


Both developing and regenerating urodele limbs can be caused 


to form supernumerary parts following tissue misalignment so- 
that cells from normally disparate positions within the limb 


circumference confront each other (developing limbs”””°; 


regenerating limbs, see ref. 11 for review). If similar mechan- : 


isms are operating, the developing limb should respond to grafts 
of regenerating limb tissue, and vice versa, by forming super- 
numerary outgrowths. H different mechanisms are operating, 
either the grafts should fail or the response should be dis- 
organized. Our results with the axolotl Ambystoma mexicanum 
suggest that the patterning mechanisms are the same. 

Grafts between regenerating fore- and hindlimbs are as 
effective as grafts within the homologous limb in eliciting super- 
numerary limb formation’*"’*. Similar conclusions can be drawn 
from experiments performed on the developing leg and wing 
buds of birds f, We exploited this in our experiments on the 
axolot] where development of the hindlimb is retarded relative 
to that of the forelimb”, thus enabling grafts to be made 
between animals of similar age in which the hindlimb is develop- 
ing and the forelimb is regenerating. Forelimbs were amputated 
midway through the humerus at stage 46° and allowed to 
regenerate to the stage of palette’®. Stage 46 hindlimb buds 
were amputated near the base and exchanged with palette stage 
blastemas removed from older sibling larvae. A section through 
a developing hindlimb bud at stage 46 is shown in Fig. 1. The 
limb bud is undifferentiated at this stage. In the experimental 

- series, contralateral grafts were made between developing and 

regenerating limbs so as to confront anterior and posterior 
tissue. In the controls, ipsilateral grafts were made between 
developing and regenerating limbs so as to align all circumferen- 
tial positions. In addition, developing hindlimb buds were 
grafted either contralaterally (experimentals) or ipsilaterally 
(controls) to other hindlimb bud stumps (Fig. 2). 


~~ axolotl. No histological differentiation has yet occurred, The arrow indicate 


Fig. 1 A longitudinal section through a stage 46 hindlimb bud. of: ‘the 


the level at which the limb bud was cut. Limbs were fixed in Bouin's and ; 
_ embedded in paraffin for serial sectioning. Sections were cut at 6 wm an 
stained with Mallory’s triple stain. x70. 


> The results are shown in Table 1. Control grafts, in which 
no positional. disparity was created by grafting, mostly 


- developed into normal limbs without supernumerary structures. 


(Fig. 3a-c). In 3 out of 41 cases (one forelimb blastema to 


hindlimb bud stump and two hindlimb buds to forelimb 


blastema stumps), one extra digit formed at the anterior and/or. : 
posterior margin of the graft. The remaining 38 cases formed 


normal limbs. according to the site of origin of the graft. 


In the experimental series, where grafting created tissue 


~ disparities, supernumerary limbs formed in a high percentage = 


of cases (Table 1). Contralateral exchange of developing 
hindlimb buds led to supernumerary limbs in 73% of the cases 
(Fig. 3f). Contralateral grafting of developing hindlimb buds 
to regenerating forelimb stumps led to supernumerary limbs in 
70% of the cases (Fig. 3d), and the reciprocal experiment of 
contralateral grafting of regenerating forelimb blastema to 
developing hindlimb bud stump. led to supernumerary limbs in 


62% of the cases (Fig. 3e). In all the experimental series, extra. 


structures formed either at the anterior, the posterior, or both 
borders of the graft junction (see Table 1), and in all cases the 


supernumerary limbs were of stump rather than graft handed- 
ness. Commonly, supernumerary limbs were not clearly separ- 


ated from the grafted limb, and loss of digits along the line of 
symmetry between supernumerary and grafted limb was ob- 
served (see Fig. 3e). Similar types of limbs were observed by 
Iten and Bryant’? after contralateral grafts of early stage fore- 
limb blastemas of newts (Notophthalmus viridescens ) to appose 
anterior and posterior tissues. How such fusions can occur is 
discussed i in terms of the polar coordinate model by Bryant et 
al”. 

The results of these experiments show that the interactions 
between developing and regenerating limbs of urodeles follow- 
ing confrontations between cells from disparate positions are 
similar to the interactions between similar limb bud and limb 
bud or blastema and blastema grafts. When developing axolotl 


forelimb buds were exchanged contralaterally to appose 


anterior and posterior tissues, Maden and Goodwin” found that 
70% of the cases produced limbs with supernumerary struc- 
tures. Our results on the developing hindlimb bud are very. 





Table 1 Grafts between developing and regenerating limbs 


anpara nemaran al di AA aAA be AHA AAA AAA Ma np Rf a A aa r i ia a err n A eh iit RRMA peerage aaa torment rather AAAA Aaaama amp amima riri daeta ian daher a AA anaana maamangia pirana aaeh Ah a aaa 


Uninter- 


AeA nena et eters oA MHASH ARAVA AAJA oaa A eT ae eRe Are ewer ar e F/M 





Mean no. 
Operation Total Normal* pretable Total Anterior Posterior Both digits 
Control series 
Hindlimb bud to hindlimb bud stump 12 12 
- Hindlimb bud to forelimb blastema stump 17 15 
Forelimb blastema to hindlimb bud stump 12 11 
Experimental series | 
Hindlimb bud to hindlimb bud stump li 27 8 (73%) j 2o 5 9.1 
Hindlimb bud to forelimb blastema stump 20 + 14 (70%) 4 3 7 7.8 
Forelimb blastema to hindlimb bud stump 13 2t 8§ (62% } 2 2 3 7.8 7 
* Developing according to the site of graft origin. t Hypomorphic limbs. | 


t Limbs were of stump handedness. 
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$ One case formed a ventral supernumerary structure. 
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Lateral view 


| Fig. 2 Diagram of the grafting operations, shown here from the ventral 
` aspect. a, The forelimbs of stage 46 (ref. 17) axolotls were amputated 
through the mid-humerus. Note that the forelimbs in the axolot! are fully 
differentiated when the hindlimbs are just beginning to grow out. After a 
period of 10-12 days the forelimb blastemas had regenerated to the stage 
of palette to early digits'*. These animals were paired with more slowly 
developing stage 46 sibling axolotis. The regenerating forelimb blastema 
and the developing hindlimb bud were exchanged between. the paired 
animals (usually between differently pigmented animals}. Grafts were made 
either ipsilaterally (control series) matching anterior, posterior, dorsal and 
ventral limb tissues or contralaterally (experimental series) apposing 
anterior and posterior limb tissues. A contralateral graft is shown in the 
diagram. The insets show a closer ventral view of the limb bud to blastema 
stump graft and a lateral view of blastema to limb bud stump graft. 6, The 
hindlimb buds of a stage 46 axolot! were exchanged either contralaterally 
{experimental series} as shown here, or simply amputated and replaced 
(control series). In the experimental series, the limb buds were oriented to 
appose anterior and posterior limb bud tissue while keeping dorsal and 
ventral limb bud tissue aligned. For all grafting operations animals were 
anaesthetized in MS222 (Eastman) diluted 1:3,000 in $0% Holtfreter 
solution. Operations were done in air with fine irridectomy scissors, forceps 
and microdissection scalpel. Operated animals were kept in individual dishes 
(100x25 mm plastic Petri dishes, Lab-tek), fed and changed daily, and 
checked (without anaesthetizing) every 2~3 days throughout the experiment. 
Camera lucida drawings were made every time the grafts were checked. In 
this way observations on the carly stages of limb outgrowth were made and 
the positions of supernumerary outgrowths were recorded. a, Anterior; d, 
dorsal; p, posterior: v, ventral. 


Fig. 3 Skeletal preparations of contro! 
and experimental limbs, prepared by the 
Victoria blue technique** 4 to 6 weeks 
after the grafting operation. a, A control 
ipsilateral graft of a developing right 
hindlimb bud put onto a regenerating 
right forelimb stump. A normal five-digit 
tight hindlimb was formed on the forelimb 
stump. b, A control ipsilateral graft of a 
right regenerating forelimb blastema put 
onto a developing right hindlimb bud 
stump. The graft produced a normal four- 
digit right forelimb on the hindlimb 
stump. c, A control ipsilateral graft of a 
developing left hindlimb bud put onto a 
developing left hindlimb bud stump. The 
resulting limb is a normal five-digit left 
hindlimb, d, A limb which resulted from 
-the contralateral graft of a left developing 
.. hindlimb bud to a right regenerating 
-> forelimb blastema stump. Supernumerary 
_°. limb structures are present both anterior 
and posterior to the grafted hindlimb. e, 
CA limb which resulted from the contra- 
lateral graft of a left regenerating forelimb 
blastema onto a right developing hindlimb 
bud stump. Digits derived from the graft 
are located on the left of the figure; super- 
“numerary limb structures are present on 
the right. The two limbs have fused during 


tures. ‘Similar 


( the cases producing supernumerary struc- 
periments by Thoms and Fallon'® on the 
developing forelimb buds of three species of urodeles (A. 
mexicanum, Ambystoma maculatum and N. viridescens) resul- 
ted in supernumerary structures in 95% of the cases. Experi- 
ments by Tank’’ on the regeneration blastema of A. mexicanum 
grafted to oppose anterior and posterior tissues showed that 
supernumerary structures were produced in 57% of the cases. 
Iten and Bryant’? showed in similar experiments in the newt 
that supernumerary structures were formed in 63% of the cases. 
In all these experiments on developing and regenerating limbs 
the position and handedness of the supernumerary structures 
which formed were similar, and are consistent with the polar 
coordinate model**. These results, taken with those reported 
here, suggest that the developing and regenerating limbs of 
urodeles use similar mechanisms for pattern regulation during 
limb outgrowth. 

It also appears from grafting of developing limb bud tissues 
from evolutionarily diverse vertebrate species into the chick 
wing bud, that common pattern regulatory mechanisms are 
shared among many different vertebrates'*?'"**. In these studies 
grafts of tissue from the posterior of the limb buds of mammals 
(man, hamster, mouse, pig and ferret), birds (Japanese quail, 
ringneck pheasant, chukar partridge and Peking duck) and 
reptiles (snapping turtle and painted turtle) into the anterior 
of chick wing buds resulted in the formation of supernumerary 
limb structures. Further, control grafts which were made so 
that no positional disparity was created resulted in the normal 
development of the host limb. The relationship between the 
developing amphibian limb bud and the developing chick limb 
bud is less clear because differences in the temperature toler- 
ances of the two species make grafting experiments between 
them difficult to interpret”. However, grafting studies on the 
amphibian limb bud show that its behaviour after apposition 
of normally nonadjacent tissues is remarkably similar to that 
of the chick limb bud*?'**, It seems therefore that the mechan- 
isms of pattern formation in the development of vertebrate 
limbs are common to all vertebrates*”. Our results here suggest 
that those patterning mechanisms common to vertebrate limb 
development are also the mechanisms that control patterning 
during limb regeneration in amphibians. 

This conclusion may have important implications for the way 
we think about how the vertebrate limb pattern is formed as 








outgrowth with loss of digits along the fine of symmetry between them. f, A limb resulting from a contralateral graft of a left developing hindlimb bud to a right 
developing hindlimb bud stump. Supernumerary limb structures are present both anterior and posterior to the grafted hindlimb. a-f, x$. 





timb development and limb regeneration nate mostly been 


regarded as two very different fields of study. Models of pattern 

formation during limb development have been drawn solely 
_ from data generated from work on limb development and the 

same is true for most models of pattern formation during limb 
--Tegeneration. As there is now direct evidence that the mechan- 
controlling pattern formation during limb development 
he same as those for limb regeneration, we believe that 
: xperimental data from both limb development and limb 
regeneration studies must be considered together to understand 
ttern formation. Why all vertebrates can develop limbs, but 









mechanisms have remained the same, but that the ability to 
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The pyramidal tract, comprising those axons which pass from 
the neocortex to the medulla and spinal cord, is among the 
most thoroughly studied projections of the mammalian cortex. 
Recent studies using anterograde axon tracing techniques have 
provided information concerning the time course of the growth 
of pyramidal tract fibres™?, yet much remains to be learned 
about its development. We have now begun to study the distri- 
bution of the neurones of origin of the pyramidal tract during 
the postnatal development of the rat neocortex using the 
recently introduced retrogradely transported fluorescent 
marker, True blue*. During the first postnatal week, injections 
of True blue into the pyramidal decussation result in the labell- 
ing of pyramidal tract neurones which are distributed virtually 
throughout the tangential extent of layer V of the neocortex, 
whereas after comparable injections during the fourth postnatal 
week the distribution of such cells is much more restricted and 
remains restricted into adult life. This developmental restriction 
is most dramatic in the occipital cortex: during the first postnatal 
week many pyramidal tract neurones are found throughout the 
visual cortex while none is seen in this area in the adult. When 
True blue is injected into the pyramidal decussation during the 
first postnatal week and the animals are allowed to survive until 
the fourth postnatal week, the distribution of pyramidal tract 
. neurones is as widespread as in the immediate postnatal period 
<» and includes the entire visual cortex. This implies that many 
of the neurones in the occipital cortex initially send a collateral 
into the pyramidal tract which is later eliminated, although the 
--meurones themselves persist. These findings, together with 
. similar recent observations on the development of the callosal 
_-connections**, indicate that the elimination of axon collaterals 
. may be a general feature of the development of cortical projec- 
© tion systems, and that such transitory collaterals may traverse 
~ considerable distances. 
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only a few can regenerate them remains puzzling. However, 
- we propose that during evolution, the underlying patterning: 


























call these mechanisms into use has been modified. Ino 
words, the urodele limb can regenerate because it 
maintained its ability to implement pattern mechanisr 
whereas the chick wing cannot regenerate because it loses: thi 
ability very early in its development. 

These studies therefore show that it is possible to lear abo 
limb development by studying limb regeneration. Conversely. 
studies of limb development may help us to understand the 
causes of failure of limb regeneration in higher vertebrates 
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`The experimental procedure. in all instances involved the 
injection of 0,3~-1.0 yl of the fluorescent dye (a 2-5% solution 
of True blue) into the pyramidal tract at the level of its decussa-_ 
tion at the spino-medullary. junction. This injection site is con- 
venient because: (1) of the ease with which consistent injections _ 
can be made; (2) of the considerable distance between this site 
and the targets of non-pyramidal tract cortical neurones; (3) it 
is known that in the rat the fibres of the pyramidal tract have 
reached the decussation at the time of birth*’. The pyramidal 
decussation. of the rat consists ‘of corticospinal axons. (which 
after crossing descend into the spinal cord). and crossed cor- 
ticobulbar fibres which terminate in the dorsal column and 
other medullary nuclei’* . Thus, we will refer to the retrogradely 
labelled cortical neurones in our experiments as pyramidal tract 





Fig. 1 Schematic illustrations of the three experimental para- 
digms used in this study, summarizing the results of each. a, When _ 
True blue is injected into the pyramidal decussation of adult rats, 
or rats at 20 days of age, the distribution of retrogradely labelled 
pyramidal tract neurones is widespread but limited to about the 
rostral two-thirds of the cerebral hemisphere. b, c, Following ` 
similar injections in 2-day-old rat pups, labelled cells are spre i 
throughout the tangential extent of the cortex, whether the anit 
are killed on day 6 (b) or are allowed to survive until day 25 






























neurones without distinguishing between the corticobulbar and 
corticospinal projections because both of these had access to 
the injected label. After a suitable survival period the animals 
were peffused with 10% buffered neutral formalin, the brains 
were removed and processed as described elsewhere’ and the 
frozen sections were examined with a Leitz Dialux-20 fluores- 
cence microscope. 

Following injections of True blue (0.5-1.0 nl) into the 
pyramidal decussation of adult rats (1 = 7), the distribution of 
labelled cells in the cortex after a 5-7 day survival period is 
_ similar to, but more extensive than, that of corticospinal cells, 
`: as recently shown through the use of similar techniques'”’. 
- Although strictly limited in the radial dimension of the cortex 
* to layer V (as identified in adjacent Nissl-stained sections), the 
labelled neurones occupy a large and continuous tangential 
© sheet of cortex. This sheet of labelled cells spans virtually the 

entire frontal cortex and extends uninterruptedly into the 

parietal cortex (Fig. 1a). An essentially identical distribution 
< Of pyramidal tract neurones is seen in rats that are injected on 

. postnatal day 20 and allowed to survive for 5 days (n = 14). 
<. We emphasize that although the extent of the cortex in which 

` pyramidal tract neurones are found varies slightly from case to 
- ease (due no doubt to slight variations in the effective injection 
-o- site); in none of these animals, nor in any of the adult cases, 
ate retrogradely labelled neurones identifiable in the occipital 
cortex (Figs 2a, 3a) 

In animals injected with True blue (0.3-0.5 l) on postnatal 
; day 2 and killed on postnatal day 6 (n = 17), a large number 
of retrogradely labelled cells can: be seen in layer V V of the 

cortex (Fig. 3), In fact, the density of labelled cells in the early 
postnatal cortex is appreciably greater than that in the older 
animals. The band of labelled cells is spread across essentially 

< the entire tangential extent of the cortex, from the frontal cortex 
to the caudal pole of the hemisphere (Fig. 1b). We emphasize 
-that in none of the present experiments did the injected dye 
spread beyond the lower medulla and that we are confident 
_ that there was no involvement of the corticopontine projection. 
‘Thus, during the first week of postnatal life pyramidal tract 
- neurones seem to be confined to layer V, but are distributed 
_ throughout the tangential extent of the neocortex, whereas by 
the fourth week such cells are excluded from the posterior pole 























Fig.2  Tracings of sagittal sections of rat brains at approximately 
the same medio-lateral position to show the distribution of retro- 
gradely labelled neurones in the cortex of animals which: a, 
received an injection of True blue in the pyramidal decussation 
on postnatal day 20.and was killed on postnatal day 25; b, received 
a similar injection on postnatal day 2 and was killed on postnatal 
day 6; c, was injected on postnatal day 2 and killed on postnatal 
day 25. Each dot represents ~15 labelled neurones. 
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Fig. 3 These photomontages illustrate the distribution of True 
blue-labelled neurones in sagittal sections of the caudal part of 
the cortex from animals injected in the pyramidal decussation: a, 
at postnatal day 20 and surviving until postnatal day 25; 4, at 
postnatal day 2 and surviving to postnatal day 6, c, at postnatal 
day 2 and surviving until postnatal day 25: The white line indicates 
the cortical surface; the splenium of the corpus callosum is marked 
with a large dot. The arrowhead in a marks the caudal limit of 
the band of labelled cells and that in c is at the same level. Scale 
bar, ] mm. 


of the hemisphere, and in particular from the visual cortex’*""’, 


This difference in the distribution of pyramidal tract neurones 
at these two ages is most clearly seen in sagittal sections as 
shown in Figs 2 and 3. To determine whether the developmental 
restriction in the distribution of pyramidal tract neurones is 
brought about by the selective elimination of axon collaterals 
or by cell death, in 15 animals we injected True blue (0.3-0.5 ul) 
into the pyramidal decussation on postnatal day 2 and allowed 
the rats to survive until postnatal day 25. As we have previously 
reported, True blue remains within labelled neurones for 
several weeks, without significant degradation or leakage. In 
these experiments the distribution of labelled cortical neurones 
is as widespread as that in animals which were injected on 
postnatal day 2 and allowed to survive for only a few days even 
though the adult distribution of pyramidal tract. neurones is 
established by the time these animals were killed on day 25 
(Fig. 1). Of course, the cortex in these animals had continued 
its normal course of maturation and was cytoarchitectonically 
indistinguishable from that of control animals of the same age. 
The band of retrogradely labelled neurones was again confined 
to layer V, but extended throughout the cortex, including the 
visual cortex, from which, as we have shown, pyramidal tract 
neurones are normally excluded by the fourth postnatal week 
(Figs 2, 3). 

The most straightforward interpretation of these findings is 
that early in postnatal life there are neurones throughout the 
tangential extent of layer V which send axons into the pyramidal _ 
tract, and that during the next 3 weeks many of these cells (and 
especially those in the visual cortex) lose their pyramidal tract 
collaterals even though the neurones themselves survive. At 
present we cannot rule out the possibility that neuronal cell 
death also contributes to the exclusion of pyramidal tract 
neurones from the occipital cortex during postnatal develop- 
ment, but certainly this restriction is not due mainly to the 
death of these neurones, because when labelled by way of their 
pyramidal tract axon on postnatal day 2, many of these cells 
are still identifiable at 4 weeks of age. This result also excludes — 
the possibility that the developmental change in the distribution 
of labelled neurones is due to a secondary, tangential migration 
of neurones. Although we cannot determine how many 
neurones lose pyramidal tract collaterals during postnatal 
development, within the occipital cortex collateral elimination 
is clearly a substantial event as it results in the disappearance 
of all pyramidal tract axons which initially arise from this pon y 
of the cortex. 













distribution of callosal neurones within an 

| nt study we have shown the complete 
a substantial projection from an entire region of 
owever, together these studies suggest that a loss of 
al projections may be a rather general feature of the 
‘lopment of cortical efferent systems. We have not 
examined the time course of the restriction in the distribution 
-of pyramidal tract neurones in detail, but the data available so 
- far suggest that it is similar. to that affecting the distribution of 
callosal neurones in the rat'*. It would also be of interest to 
determine if some of early pyramidal tract collaterals reach and 
form synapses in the spinal cord before they are withdrawn. 







At present, it is not known whether collateral. elimination of 


this type also involves synapse elimination—a. phenomenon 
known to occur in several developing systems'*. Interestingly 

-in one of the systems in which synapse elimination has been 

_ Shown to occur, there is apparently no change in the number 

` of neurones which give rise to these synapses’*. Finally, we 
emphasize that during the first postnatal week, when the tangen- 
tial distribution of the pyramidal tract neurones is widespread, 
their radial distribution within layer V has already been deter- 
mined. 
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Serotonin-containing neurones in brain have been proposed to 
have a role in the control of physiological mechanisms such as 
sleep, thermoregulation, pain perception and endocrine 
secretions as well as in the physiopathology of migraine or 
- depressive illness’~*. One difficulty in testing these possibilities 
lies in the scarcity of pharmacological agents able to interact 
‘Selectively with the probably multiple classes of serotonin recep- 
tors in the central nervous system. Development of such agents 
would be facilitated by simple in vitro models in which biologi- 
-cal responses to serotonin in mammalian brain could be 
quantified. Thus a serotonin-sensitive adenylate cyclase has 
been characterized in rat brain, but the response to serotonin 
is weak in newborn and practically absent in adult animals’"". 
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‘preincubated with *H-glucose for 30 min, at a time when 


In addition, two pharmacologically distinct classes of 
serotoninergic binding site have been identified using *H 
serotonin and *H-spiperone as ligands’, but thei 
identification as receptors remains to be ‘established. More 
recently, serotonin has been shown to stimulate phosphoryla 
tion of a neuronal protein in slices from the facial motor nucleus 
although the receptors mediating this action were not charact 
ized'*. We now report that serotonin stimulates glycogen hy 
lysis in slices of cerebral cortex, that this action is mediate 
a novel class of receptors and that tricyclic antidepressants 
among the best competitive antagonists of the indolamine. _ 
The:addition of serotonin to slices from mouse cerebral corte 





















































































glycogen level in tissue has reached a plateau’, results in rapi 
hydrolysis of the *“H-polymer, The serotonin-induced. gly 
cogenolysis is concentration dependent, occurs with a Ka of. 
20+3 uM and reduces the *H-glycogen level by, at the:most, 
78+4% (Fig. la). A similar effect is observed with other 
indolamine derivatives such as tryptamine or 5-methoxytryp- 
tamine, while tryptamine derivatives N- methylated on the side 
chain, such as N-methyltryptamine, bufotenine, psilocybin and 
psilocin, are only partially active and N,N-dimethyltryptamine 
is totally inactive (Fig. la, b). This latter observation prompted 
us to study N,N-dimethyltryptamine as. antagonist: we found — 
that increasing concentrations of this compound shift the con- 
centration-response curve to serotonin rightwards, without 
modifying the maximal response (Fig. 2). This suggests that 
N,N-dimethyltryptamine acts as a competitive antagonist with | 


| F 


3H-giycogen hydrolysis 
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logia [agonist] (M) ; 

Fig. 1 *H-glycogen hydrolysis induced by serotonin and other 
tryptamine. derivatives in slices from cerebral. cortex, Male Swiss 
albino mice (18~20 g, Lessieux, France) were killed by decapita- 
tion, the cerebral cortex was quickly removed and slices (250 x 
250 um thick) were prepared in a cold room (4 °C) with a MclIlwain 
tissue slicer. Pooled cortical slices from six animals were preincu- 
bated for 15 min at 37°C ina slightly modified Krebs-Ringer 
bicarbonate medium (120 mM NaCl, 5 mM KCl, 2.6 mM CaCh, 
0.67 mM MgSOu,, 1.2 mM KH2PO,, 3 mM glucose and 27.5 mM 
NaHCoO;) under a constant. stream of O2/CO, (95:5). The slices 
were then washed once with fresh medium, 300-1 aliquots of the. 
tissue suspension corresponding to 0.5 mg protein were distributed 
in incubation tubes and°13.4nmol of ° H-glucose (500 mCi 
mmol” +; Amersham) were added in a volume of 10 ul. Test agents 
were added when °H-glycogen level in tissue had reached a steady 
state, that is, after a 30 min incubation’, and the slices were 
further incubated for 20 min. The incubations were stopped by 
rapid centrifugation. The supernatant was discarded and replaced 
by 300 ul of fresh medium in which the slices were sonicated. A — 
fraction of the resulting homogenate was then immediately 
deproteinized by heating at 95°C for 10 min and *H-glycogen 
assayed by the ethanol filter paper technique'”, Results are 
expressed as per cent of the basal *H-glycogen level (26.3+ 
2.1 d.p.m. x 10° per mg protein). The shaded area corresponds 
to the s.e.m. of basal >H-glycogen level. Values are the mean of _ 
15-25 determinations performed in 3-5 independent experiments, 
A, Serotonin; +, N,N-dimethyltryptamine; @, 5-methoxytryp-. 
tamine; Ml, tryptamine; A, N-methyltryptamine; +, bufotenine 
(5-hydroxy-N,N-dimethyltryptamine); ©, psilocybin (O-phos- 
phoryl-4-hydroxy-N,N-dimethyltryptamine); and ©, psilocin { 
hydroxy-N,N-dimethyltryptamine). i; 
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cit complete 3H- aach hydrolysis but only at high 


concentrations; its action was also antagonized by N,N-di- 
methyltryptamine with an apparent K; in the micromolar range. 
_ Typical serotoninergic antagonists such as methysergide, 
cyproheptadine and methiothepin fail to or weakly block the 
_ serotonin-induced response (Table 1). 

3 Among neuroactive drugs, the antipsychotics chlor- 
- promazine, spiperone, pipamperone and pimozide antagonize 
the serotonin-induced glycogenolysis with inhibition constants 
.. of between 4 and 20 uM; various tricyclic antidepressant com- 
- pounds competitively block this response, all with inhibition 
constants of ~1 pM. 

- The glycogenolytic response elicited by serotonin in cortical 
slices suggests that this amine should be added to the list of 
_ neurotransmitters controlling carbohydrate metabolism in brain 
- and which comprises the other glycogenolytic agents noradrena- 
_ line'?*" (via B, receptors), histamine” (via H; receptors) and 
the neuropeptide vasoactive intestinal peptide (VIP)**. The 
~ Serotonin-induced glycogenolysis requires higher concentra- 
tions of amine, however, particularly in comparison with VIP. 
. Because the response to these agents occurs in the same cells 
- {as shown by the almost total *H-glycogen hydrolysis in all 
~~ cases), lower serotonin concentrations might be expected to be 

-required in the presence of other glycogenolytic agents. 

In a preparation such as brain slices, an effect observed with 


one neurotransmitter could be indirectly mediated by the 


release of another. The lack of antagonism by B-adrenergic 


2 and H,-receptor blockers (Table 1) indicates that neither 


< noradrenaline nor histamine is involved. Experiments with 
phosphodiesterase inhibitors or with various concentrations of 


— calcium indicate that phosphorylase activation leading to gly- 


cogen „hydrolysis seems to result in brain”, as in other 


| , from one of two mechanisms: stimulation of an 
adenylate cyclase, as in the case of noradrenaline'**° and VIP”, 


` or translocation of calcium ions, as in the case of histamine”? 
<The former mechanism is probably not involved in the response 


„the presence of 0.7 uM 
hylxanthine, a phe hodiesterase inhibitor, but is 

diminished Gia the ‘calcium ‘concentration is lowered (not 
shown). This suggests that VIP is probably not indirectly respon- 
sible for the serotonin effect, but this requires confirmation 
with antagonists of the neuropeptide, which are not available. 
Serotonin induces phosphorylation of the ‘protein I’ in slices 
from facial motor nucleus at similar concentrations to those 
required for the glycogenolytic response, and both responses 
are blocked by 10 uM mianserin; however, only the former is 
potentiated by isobutyl methylxanthine”, Among the several 
other unidentified proteins which were phosphorylated in 
response to serotonin, one may correspond to. phosphorylase. 
Glycogen is the single largest energy reserve in the brain and 
the glycogenolytic effect of serotonin should result in an 
increased availability of glucose. The cellular location of this 








response remains to be identified, however, as the polymer is 


present both in neuronal and glial elements”. Nevertheless the 
observations that impairment of monoaminergic neurotrans- 
mission in mice subchronically treated with reserpine results in 
the development of hypersensitivity to the glycogenolytic 
actions of noradrenaline*’ as well as to those of serotonin 
(T.T.Q., C.R., A.M.D. and J.C.S., in preparation) suggest that 
the target cells are tonically controlled by the two monoaminer- 
gic systems. Interestingly, the three aminergic systems controll- 
ing glycogenolysis——the coeruleo-cortical noradrenergic”, the 
raphe-cortical”? and the histaminergic ascending” projec- 
tions—are highly divergent neuronal circuits emanating from 
restricted areas of the brain stem and projecting throughout 
the telencephalon. This common anatomical feature probably 
facilitates a coordinated, quasi-hormonal control of energy 
supply in large areas of brain. 

The strong influence of small changes in the structure of 
agonists on their activity (Fig. 1) andthe apparently con ctitive 
nature of the antagonism exerted by substances such as N,N- 
dimethyltryptamine (Fig. 2) suggest that serotonin-induced gly- 
cogenolysis is a receptor-mediated response. The pharmacol- 





Table 1 Comparison of drug potencies on the hydrolysis of “H-glycogen in cortical slices and other models 


ae *H-glycogen 
oe Ago nicis | Drugs hydrolysis 
Serotonin 20 
Tryptamine | 26 
5-methoxytryptamine 22 
N-methyltryptamine 9 
Bufotenine A 5 
(+)LSD | . 60 
Antagonists ; 
a, Serotonergic 
Metergoline (7 pM} 6 
Methysergide (7 uM) i NE 
Cyproheptadine (30 pM) NE 
N,N-dimethyltryptamine (2 uM, § uM) 0.8 
Ketanserin (30 pM) NE 
Methiothepin (20 uM) 20 
b, Neuroleptics ` 
Spiperone* (50 uM) 20 
Pimozide* (3 pM) . 5 
_ .Pipamperone* , 20 
Chlorpromazine” (3 uM) 4 
E &, Antidepressants 
Iprindole* (1 aM, 5 pM) i 
Amitryptiline (0.5 pM) 1 
Mianserin (1 uM, 5 uM) 1.7 
Doxepin (3: pM) 2.1 
- Desimipramine (3 uM 2.4 
_ Maprotiline* (3 nM) 1.6 
E -inactive agents 


A Aarna aE eieh h Be irra e mr e r L AA a AAAA AAA LINHA! Hiara AAAA n 


K.a oF K, values {uM} 


*H-serotonin binding 3H-spiperone Serotonin-sengitive 


sites binding sites adenylate cyclase 
0.004 (14) 2.7 (14): 1 (935 0.001 E ETI 
> 2 (12) 
0.01 1 (14) 2.7 (14) 
0.037 (14) 
0.010 (14) 0.013 (14) 
0.009 (17) 6.002 (173 1{9) 
0.088 (14) 0.003 (14) . 0.2 10) 
4.5 (14) 0.002 (14) 0.2 (9) 0.6 (10) 
0.17 (12) 
NE (15) 0.002 (15) 
0.3(17) 0.004 (17) 0,3 (9) 
0.73 (14) 6.001 14) 0.3 11} 
>4 (12) gat 
5{15) 0.005 (15) 
6{12) 0,02 (16) 0.4 (9) 
20 (17) 0.27) 
§ (17) 0.01 (17) | . 
0.87 (14) 0.005 (14) 2.5 (11) 
9 (17) DLAT 


= Aprnbipt ( 100 eM), t timolol (10 pM), mepyramine (30 aM), morphine (30 4M) and 5-hydroxyindoleacetic acid (100 AM, as either agonists or antagonists 


Kaa Values of compourids for TE hydrolysis were obtained from the data of Fig. 1. K, values were determined by one ot two methods: { (1): see Fig. 2. The 
rightward shift of the concentration—-response curve to serotonin was determined in the presence of fixed concentration(s) of antagonists (concentrations indicated in 
parenthese : and. the Cheng~Prussof equation”? was then applied. (2) See Fig. 2 legend. The effect of 20 uM serotonin. was antagonized by agents (indicated by *) in 





an Fig. 2 le 





ng concentrations and their K, values were calculated from their IC, values using the equation: K= ICa (1+8/K,).. As shown for N, N-dimethyltryptamine 
end, the two methods give K, values which are always in good agreement, and the average is given. Concentration-response. curves were established using 


Six to eight í concentrations of serotonin, agonists or antagonists (for each concentration 8-20 distinct determinations were performed in 2-5 separate experiments). 
; Numbers i in parentheses refer to references. from which data were taken. NE, non-effective agents at the indicated concentration. 
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be {serotonin} (M) 

Fig.2 Inhibition of the serotonin-induced glycogenolysis in slices 

x from cerebral cortex by N,N-dimethyltryptamine. Following a 

F 30 min preincubation in the presence of 3H-glucose, serotonin 

«i . Was added at increasing concentrations and the incubation con- 

. tinued for a further 20 min. N,N-dimethyltryptamine was added 

10min before. serotonin. Basal 7H-glycogen level was 23.4+ 

1.2 d.p.m. x 10? per mg protein. Values are the mean of 10-15 

~ determinations performed in 2-5 independent experiments. The 

Kaa Values of serotonin alone or in the presence of N,N-dimethyl- 

tryptamine were determined by computer®® and a K; value of 

0.8 uM was obtained from the equation. K,=I/[(K "sf Ka) — 1), 

where K, and K’, are the Kac values of serotonin in the absence 

and presence of antagonist respectively, and T is the concentration 

of antagonist. In another experiment (not shown), using a fixed 

concentration of serotonin (100 uM) and increasing concentra- 

tions of N,N-dimethyltryptamine, the ICso value of the latter 

compound was 10M, from which a K; value of 1.7 uM was 

calculated from the equation’: K; = IC5q/(1+S/K,) where ICso 

is -the concentration of antagonist required to produce a 50% 

- inhibition of the glycogenolytic effect of serotonin, S represents 

the concentration of serotonin and K, is the Kac value of serotonin. 

©, Serotonin; ©, serotonin+2x10°°M | N,N-dimethyltryp- 
“tamine; O, serotonin+ 5x 107° M N,N-dimethyltryptamine. 


ogical specificity of the receptors mediating the serotonin- 
induced glycogenolysis does not correspond, however, to that 
of other serotoninergic receptors or putative receptors: for 
example, there are large differences in the apparent dissociation 
constants of the typical serotoninergic antagonists regarding 
inhibition of glycogenolysis, adenylate cyclase or binding of 
*H-spiperone or *H-serotonin respectively. (Table 1). This sug- 


gests that a novel subclass of serotonin receptors mediates the- 


glycogenolytic response. 


It is unlikely that these receptors represent the common site 
of action of the potent hallucinogenic indole derivatives which — 
display relatively low apparent affinity for the receptors and- 
behave as either agonists (tryptamine) or antagonists (N,N- 
dimethyltryptamine). In view of the low apparent affinity of © 

neuroleptics (compared with their affinity for dopamine recep- i 
tors), it is also unlikely that significant occupation of serotonin 
.. Teceptors mediating glycogenolysis occurs durin e Aiitipsychotic - 


e treatments which result in body fluid levels of these drugs in 


the nanomolar range*’. On the other hand, micromolar con- | 


_centrations of tricyclic antidepressants: belonging to. various 
_ chemical classes all antagonize competitively the serotonin- 
induced response. The antagonist effect of these compounds 
seems unrelated to their ability to block the serotonin uptake 
process as, for example, compounds such as iprindole or 
desimipramine are almost inactive on this process*”*?, Because 
-othe effective concentrations of tricyclic compounds in the body 
fluids of patients undergoing antidepressant treatment seem to 














_. Mediating the glycogenolysis in brain are blocked during such 
_ treatments. It remains to be established whether this blockade 
= participates in the antidepressant activity (or side effects) of 
_ these drugs. f 





Conventional antibodies have long been used in an attempt to- 
produce specific neural markers'?. Such markers would be 


generally. been found to discriminate satisfactorily between. 
‘neuronal subpopulations™*. Recent developments of the 
hybridoma technique*, however, promise to provide mono- 


We report here two monoclonal antibodies which, although 
generated against human T cells’*, react exclusively with- 


be inthe micromolar range™, it is likely that serotonin receptors ~ 
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invaluable for studying the structural organization and develop- 
ment of the nervous system. Unfortunately, they have not’ 


clonal antibodies of adequate specificity. Such antibodies have. 
already been generated and shown to be capable of distinguish- 
ing between individual neurones of the leech nervous system’. 


Purkinje cells in the vertebrate central nervous system (CNS). 
This new specificity arose out of a fortuitous observation made | 
during examination of the lymphocyte infiltration of jae 
cerebellar tumours with the monoclonal antibody, UCHT1, 
Although widely used as a T-cell marker, its reaction with 
neural tissue has not hitherto been described. To our know- 
ledge, this is the first description of a monocional antiboc 
which recognises a functionally discrete neuronal population 
the vertebrate brain. | oo 
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a UCHT1 is an IgG1 mouse monoclonal antibody, derit 
from a fusion between P3/NS1/1-Ag4-1 myeloma cells ad 
splenic lymphocytes from BALB/c mice immunized with 
-human infant thymocytes and Sezary cells. The antibody had 
been previously characterized in detail’ and was thought to 
bind exclusively to an antigen of 22,000 molecular weight (MW) 
present on the surface of human T lymphocytes. Therefore, we 
were surprised that it produced strong staining of Purkinje cells, 
by indirect immunofluorescence, when applied to frozen sec- 
‘tions of human cerebellum. 
Purkinje cells provide the only efferent pathway from the 
-_ cerebellar cortex, their axons terminating chiefly in the deep 
cerebellar nuclei’. Their large flask-shaped cell bodies and 
extensive dendritic arborizations give them a unique appear- 
-ance. Figure 1 shows intense cytoplasmic staining of Purkinje 
ells by UCHT1, extending throughout axons and dendrites. 
Note that. cerebellar granule, stellate, basket and glial cells fail 
stain, Human, mouse, rat, guinea pig and quail brains pro- 
“duced identical. Purkinje cell staining. No other cells were 
“stained in the cerebrum, cerebellum or spinal cord of any of 
the species tested. Extensive screening of other non-lymphoid 
tissues revealed no further cross-reactivity. The specificity of 
UCHT1 staining is summarized in Table 1. Absorption experi- 
ments (Table 2) confirmed restriction of the UCHT1 neural 
antigen to the cerebellum. The discovery of Purkinje cell labell- 
ing by UCHT1 led us to investigate other anti-haemopoietic 
cell monoclonal antibodies for similar cross-reactivity (see 
Table 3). Of 12 reagents tested, only one (Leu-4; Becton 
Dickson) had anti-Purkinje cell activity. It produced cytoplas- 
> mic staining which was indistinguishable from that of UCHT1. 
= Cross blocking experiments on human T lymphocytes (unpub- 
lished data) indicate that UCHT1, Leu-4 and another pan T-cell 
_marker, OKT3*° (Ortho Pharmaceuticals), recognize closely 
related antigenic determinants. It is, therefore, of special inter- 
est to note that OKT3 does not react with Purkinje cells. 
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Table 1 UCHT1 reactivity 





Positive Negative 
Human Other species 
“o Human T cells Erythrocytes Rat: 
Cerebellum? 
Human Purkinje cells © Polymorphs Olfactory bulb 
Mouse Purkinje cells Monocytes Cerebrum 
Guinea pig Purkinje Platelets Midbrain 
cells 
Rat Purkinje cells* Non T lymphocytes Brain stem 
Quail Purkinje cells Cerebrum Spinal cord 
Cerebellum? Dorsal root 
ganglion 
Spinal cord | Spleen 
Pituitary Kidney 
Muscle Lung 
Liver Bladder 
Kidney Tongue 
Skin Oesophagus 
Breast Duodenum 
Thyroid Aorta 
Adrenal Mouse: 
Cerebellum? 
Colon 7 Cerebrum 
Oesophagus Spinal cord 
Stomach Kidney 
Tongue Guinea pig: 
: Cerebellum?* 
Buccal mucosa Spleen 
Connective tissue Quail: 
Cerebellum? 
Primary cerebral Cerebrum 
_tumours (25) 
- Secondary cerebral Spinal cord 


tumours (8) 

simama aain 
* Adult and 10-day-old neonates were tested. 

t Cerebellum negative apart from Purkinje cells. 


Gr 


Fig. 1 Guinea pig Purkinje cells stained by UCHT1 using the 
indirect immunoperoxidase technique. Frozen sections (6 pm) of 
cerebellum were fixed briefly in acetone then incubated at 20°C 
for 30 min with a purified IgG fraction of UCHT1 ascites, diluted 
1:200. The slides were washed for 10 min in phosphate-buffered 
saline then incubated at 20°C for 30 min with peroxidase-conju- 
gated rabbit anti-mouse immunoglobulin (Dako), diluted 1: 100. 
Diaminobenzidine (0.6 mg ml~') was used as the chromogenic 
substrate. a Shows Purkinje cell axons traversing the granule cell 
layer (Gr) to join other Purkinje axons of the cerebellar white 
matter (Wh). These axons were seen to terminate on neurones of 
the deep cerebellar nuclei. Such neurones showed no staining with 
UCHT1. Purkinje cell branching dendrites in the molecular layer 
(Mo) are clearly stained. b, The antigen is seen to be cytoplasmic, 
as the nuclei show no staining. c Shows the dendritic arborizations 
‘of the molecular layer; d shows an axon as it leaves the base of 
) a Purkinje cell body. | 


The Purkinje cell antigen does not survive fixation in formal- 


: dehyde, paraformaldehyde, glutaraldehyde, osmium tetroxide, 
` -Carnoy’s or Bouin’s fixatives but is unaffected by fixation in 
acetone at room temperature for 5 min. The antigen is best 

demonstrated i in fresh material but can be detected in sections 


stored for up to 3 days at. =20°C. Beyond this time, staining 


becomes unpredictable. 


The relatively labile nature of the Purkinje antigen has so. 
far prevented any determination of its molecular weight or 
biochemical characteristics. Without such, data iti unsafe to 















gens are deana 2 “Indeed, their diff ring species 
tions and different locations within. the cell (cytopl 
plasma membrane) suggest that: they may | 
molecules which parks share: a o antigenici di > erminant. 










a epora Bark ae aka “as ociate 
P-400 (ref. 13). This 400,000 MV 

the Purkinje cell axon and is therefore nlikely to be th: 
recognized by UCHT1. Prostagland ydrogenase’* and the 
calcium binding protein parvalbumin’ have also been reported 
to be Purkinje cell-related but lack ighly restricted localiz- 
ation of the UCHT1-defined antigen. The intestinal peptide 
hormone motilin has recently been detected ; in Purkinje cells’ 

















Table 2 Absorption experiments with UCHT1 


T lymphocyte Purkinje cell 
staining staining 
UCHT1 unabsorbed ++ ++ 
UCHT1 cerebrum absorbed ++ ++ 


TI cerebellum absorbed +* ~ 








UCHT1 was dilued to 1: 1200 (one doubling dilution below end titre) 









ind absorbed with homogenates of rat cerebrum and cerebellum. 
Absorption was carried out at 20°C for 1h with equal volumes of 
diluted antibody and homogenate. Following absorption, UCHT1 bind- 
‘ing on human T cells and Purkinje cells in frozen section was visualized 


~~ by indirect immunofluorescence using a fluorescein-conjugated goat 


anti-mouse immunoglobulin, diluted 1:80. 
* Weak residual staining of T cells. 


but, unlike the UCHT1-defined antigen, is only present in a 
proportion of Purkinje cells. Furthermore, UCHT1 fails to stain 
motilin-containing cells of the rat duodenum. Finally, cyclic 
=. GMP-dependent protein kinase has been shown, within the 
_, Todent nervous system, to be restricted almost exclusively to 
“~ Purkinje cells'’. However, in contrast to the UCHT1 antigen, 

the enzyme is also present in high concentration in the muscular 


wall of the aorta and in various other smooth muscle cells (see 


Table 1). 

Purkinje-specific antigens have previously been demon- 
strated by immunological studies with two conventional poly- 
clonal heteroantisera. The first”, although operationally 
specific, was only effective at very low titre. The second’’, raised 
against a glycoprotein extracted from rat cerebellum, appeared 
Purkinje cell-specific, but specificity was demonstrated by 
absorption rather than by direct testing so that small populations 
of antigen-containing cells elsewhere in the nervous system 
might have been overlooked, In addition to these studies with 


-< polyclonal antisera, a monoclonal antibody, designated CES, 


reactive with Purkinje cells, has also been described”. CES, 
-unlike UCHT1, however, is relatively nonspecific, reacting with 
many different types of neurone including dorsal root ganglion 
cells and pyramidal neurones; it also labels cardiac muscle and 
the protozoan Trypanosoma cruzi.. The high titre, high 
specificity and unlimited supply of UCHT1 and Leu-4 make 
them ideal immunological markers for Purkinje cells: 

The work described here, together with preliminary experi- 
ments on neonatal mouse cerebellum and cerebellar mutant 
strains, suggests that UCHT1 and Leu-4 will become invaluable 
tools for studying the organization and development of cerebel- 
lar architecture and connectivity. 

This work was financed by the MRC, the Imperial Cancer 


“= Research Fund, Bristol Brain Tumour Research i Pund and the 





eo Table 3 Reactivity of anti-haematopoietic cell monoclonal PRENS 


with Purkinje cells 


5 Purkinje cell 


Monoclonal Haematopoietic cell reactivity 
antibody . o“ _. Staining 
UCHT1 | Pan T cell a er 
Leu-4 : o BE ee 






© Suppressor/ toxic T. cells.. na 
Pan T cell +BRCEL > a 
“Pan T cell +B.CEL os 7 ~ 
- Anti HLA-Dr | — 
_.  Suppressor/cytotoxiec T cells l ~~ 

_ s All leukocytes — 
ranulocytes — 
-+ Granulocytes — 
r Lymphoid stem ‘cells == 














ae * OKT8 has recently been shown to exhibit anti-ovine oligoden- 
drocyte cross-reactivity in vitro?’ . However, we have been unable to 
‘demonstrate OKT8 immunostaining of oligodendrocytes in frozen sec- 
<> tions of human white matter, optic nerve, multiple sclerosis plaques or 
-i Oligodendroglioma. 
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Germinal centres are histologically defined aggregates of blast 
cells that occur in B-cell areas of lymphoid tissues after antigenic 
stimulation. They are believed to be associated with the 
development of B-cell memory and plasma cell (especially 
secondary, IgG and IgA) responses’*. Recent studies of murine 


lymphoid tissues have defined cell-surface markers that distin- 
_. guish germinal centre B cells from other mature B cells*”’, 
permitting their identification and characterization in cell sas 
<: pensions, Here we have used these markers to define and study - 
- germinal centre cells in lymph nodes, and have found that they 


constitute a unique population of B cells which (1) arises in 
response to antigenic stimulation, (2) contains nearly all of the 


_ demonstrably antigen-specific B cells in the stimulated organ, - a 


(3) bears surface IgM after primary stimulation and (4) asa 
population, demonstrates isotype switching to a predominant 


surface IgG phenotype after secondary stimulation with specific 
antigen. These findings demonstrate that germinal centres are 


a major site of proliferation and differentiation of antigen- 
specific B cells in vivo, and suggest that the germinal centre 


‘microenvironment may have an important role in heavy chain 
. class switching during B-cell responses. 


Germinal centre B cells possess unique cell-surface features. — 
One of the most important of these is defined by peanut 
agglutinin (PNA)*”’, a plant lectin with specificity for terminal 
galactosyl residues. In antigen-stimulated lymphoid organs, 
fluorescence-labelled PNA defines a discrete population. of 
lymphocytes (termed PNA"™) that bind 10-30 times as much 
PNA as the major population of lymphocytes’ (PNA’), 
Immunohistological*”’’, electron microscopic’ and cell sus- 
pension*”’ studies of mouse Peyer's patches and stimulated 
lymph nodes have shown that the B cells in the PNA™ popula 
tion are almost exclusively germinal centre lymphocytes. B Ci 
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noe may also be NA (rets 7, 8). A secondary AE 
marker is IgD: immunohistological” 19 and flow cyto- 
fluorometric” studies have shown that germinal centre lymphoid 
cells lack surface IgD, whereas essentially all other mature B 
cells are IgD* (ref. 7). Thus, germinal centre B cells can be 
- identified confidently in cell suspensions of lymph nodes and 
Peyer's patches by virtue of their unique PNA™, IgD”, Thy-1> 
phenotype. 
©- BALB/c or BALB.B mice were immunized i in the front foot 
- pads with heterologous erythroé¥tes, and cell suspensions were 
- made from brachial and axillary lymph nodes during or near 
the peak of: germinal centre responses (6 days after primary or 
-secondary immunization). Several studies were carried out to 
-confirm the usefulness of PNA in identifying germinal centre 
lymphoid cells in these lymph nodes. Fluorescence activated 
“cell sorter (FACS) analyses demonstrated the appearance of a 
discrete population of PNA" cells in the stimulated nodes, 
: constituting up to 10-12% of the lymph node cells (and up to 
-~ 20-30% of B cells) 6 days after primary immunization (see Fig. 
~~ 1). Double fluorescence microscopy of frozen sections of stimu- 
lated nodes stained with tetramethylrhodamine isothiocyanate 
~ {TRITC)-conjugated PNA and counterstained with fluorescein- 
=" isothiocyanate (FITC)-rabbit anti-mouse Ig confirmed the 
remarkable specificity, within the B-cell lineage in this organ, 
of intense PNA staining for germinal centre cells (not shown, 
see Raedler et al’ for similar findings). Staining of FACS- 
separated PNA" and PNA” populations confirmed the observa- 








-Tablel The phenotype of PNA" sample cells in lymph nodes after immunization 





% Of cells stained 


Primary Secondary 
Antibody directed against response response 

B cells (B220) 94 83 
Total immunoglobulin 84 80 
IgM 62 25 
IgG 9 60 
IgG + y blockade ND 1 
IgG+a and » blockade ND 64 
IgA 4 3 
gD 1 1 
T cells (Thy-1+Lyt-1) 9 10 
Rabbit anti-KLH 0 1 

0 0 


RA3-2C1 





BALB.B mice, 6-8 weeks of age, were injected with 1-2 x 10’ SRBC in the 
. front footpads. For analysis of the primary response, axillary and brachial lymph 
nodes were removed 6 days after immunization. For the secondary response 


2-week interval between first and second injection. Cells were stained at a density 
of 10° cells per 10 ul of antiserum at saturating concentrations for 5-10 min and 
washed between first and second stages by centrifugation through serum. After 
incubating the cells in the second stage for 5 min, an equal volume of TRITC- 
conjugated PNA (EY Laboratories) at 100 ug mi~? was added for another 3- 
å min. The cells were then directly suspended in 1-2 ml of 2% formalin in 
. phosphate-buffered saline washed through serum and examined microscopically. 
. Affinity-purified anti-mouse total immunoglobulin, _ anti-keyhole limpet 

haemocyanin (KLH), and p-chain-specific'® and a-chain specific’ antibodies 


anti--y-serum>” (a gift of Dr E. Vitetta) were produced in rabbits and used in 
<. combination with a fluoresceinated sheep anti-rabbit immunoglobulin second 
stage (Institut Pasteur, Paris). ‘To detect ô chains a biotinylated monoclonal 
-anti-Igh-5a, H10.4.22"*, was used in combination with fluoresceinated avidin 
“(EY Laboratories). B cells were detected by a newly developed monocional rat 
antibody (RA3-6B2, a giftof Dr R. L. Céfiman) specific for B220, the B-lineage- 
_ specific form of the T200 family of molecules’*. A mixture of monoclonal 
2 anti-Lyt-t {53-7.37 and. anti-Thy-1 (30-H12)"? was used to detect T cells with 
-a highly specific fluoresceinated rabbit anti-rat immunoglobulin second stage. A 
_ monoclonal rat antibody (RA3-2Cl) with no known specificity was used as a 
` control. The specificity of the rabbit anti-mouse y chain reagent was tested by 
` attempting to block staining either with a pool of IgG myeloma proteins or with 
a mixture of IgA. and IgM myeloma proteins. Preincubation of the antiserum for 
. 15 min with mouse IgGs totally inhibited staining but an excess of IgA (TEPC 
< 15) and IgM myeloma proteins had no effect. 150-200 PNA™ celis (with the 
‘characteristic large size and/or. irregular outline of germinal centre ceils) were 
. scored, single-blind, using a Zeiss fluorescence microscope with exciter/barrier 
© > filter combinations for rhodamine and fluorescein. The data are pooled from two 
ng experiments with similar results and, are expressed as the % of sample cells 
> DE a 





iymph nodes were collected 6 days after a second injection of antigen with a | 


=. (gifts from Drs C. Nottenburg and R. L. Coffman) and an Fab preparation of an- 


59 


Relative no. of celis 
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log fluorescein 


Fig. 1 Axillary and brachial lymph node cells from BALB/c mice were 
incubated for 5min in an excess of FITC-conjugated PNA (EY 
Laboratories) at 100 pg mi”! in phosphate-buffered saline, washed, and 
analysed on the FACS (Becton Dickinson). a, Unstimulated lymph node 
cells were stained with FITC-PNA in the presence (dotted line) or absence 
(solid line) of 0.2 M galactose. Most lymphocytes bind low levels of PNA to 
galactose-inhibitable. sites, and are therefore referred to as PNA’. b, Six 
days after footpad immunizations with 1-2 x 10’ SRBC, a discrete popula- 
tion of PNA™ celis has arisen which binds about 20 times as much PNA as 
the PNA" lymphocytes. To determine if this PNA™ population included 
significant numbers of plasma cells or plasmablasts, cytocentrifuge prepar- 
ations of FACS-sorted PNA™ and PNA” populations were air-dried, fixed 
10 min in cold acetone, counterstained with rabbit anti-mouse immuno- 
globulin and examined by fluorescence microscopy. Cells containing cyto- 
plasmic immunoglobulin segregated predominantly with the PNA’ popula- 
tion. Of 400 sorted PNA" cells counted, 41 contained detectable internal 
immunoglobulin; 27 of these were mature plasma celis with eccentric nuclei, 
and the remaining 14 had the appearance of plasmablasts. Of 1,000 PNA™ 
sorted cells examined, only one apparent plasma cell and seven plasmablasts 
, were identified. 


tion, previously based on immunohistological studies”, that 
plasma cells and plasmablasts are PNA” (see Fig. 1 legend). 

For studies of the surface phenotype of the PNA™ population, 
cells were labelled with TRITC-conjugated PNA and counter- 
stained with various (fluorescein-detected) monoclonal anti- 
bodies or heterologous antisera. Putative germinal centre cells 
were identified microscopically by their intense staining with 
PNA in combination with their characteristic larger size and 
frequently irregular cell outline. These criteria excluded most 
PNA" T cells, yet included nearly all B cells with the characteris- 
tic IgD phenotype of germinal centre cells. Cells so identified 
were then examined under fluorescein filters for staining with 
immunological reagents. 

Initial experiments describing the surface phenotype of ger- 
minal centre cells after primary and secondary immunizations 
are presented in Table 1. Only 10% of the sample PNA" 
population were contaminating T cells; the remainder were 


IgD~ B cells. The results demonstrate that IgM is the pre- ` 
- dominant isotype of surface immunoglobulin during the primary 


response, but in a secondary response, germinal centre cells 
mainly express surface IgG. Although the present findings do 


not demonstrate that these B cells synthesize their surface 
immunoglobulin, we have previously presented evidence based 


on allelic exclusion that the comparable population of Peyer’s 
patch germinal centre: cells do synthesize their major class of 
surface immunoglobulin (IgA)°’. (In striking contrast to the 
pattern of immunoglobulin expression by peripheral node ger- 
minal centre cells; 50-75% of germinal centre cells in P 
patches express surface IgA7.) These findings suggest that ger- 
minal centres may have an amportent role in the. process of 
isotype switching. 

We wished therefore to determine if the B cells proliferating 
in germinal centres are specific for the immunizing antigen, as 
suggested by work of Sordat ef al.?', or if germinal centres ` 
merely represent sites of nonspecific. expansion and perhaps 
pratt switching of all available B-cells. Kanowith-Klein et 

have shown that the proportion of antigen binding B cells 
cei surface IgG increases during the immune response to 
heterologous erythrocytes. Thus the switch we observed from 
a predominance of IgM“ to IgG” cells in germinal centres with 
restimulation with the same antigen suggested that these cells 














Table 2 Heavy chain isotype switching of germinal centre cells is antigen specific 





anren 


% Of PNA™ 
Antigen cells with surface 
r m ina 2° Injection IgM IgG 
SRBC 31 48 
HuRBC 36 13 
None 46 14 
SRBC 52 21 
HuRBC 36 49 





B: LB. B mice were amand in the front foot pads with either SRBC or 
-HuRBC. After 3 weeks the animals were boosted with one of the two antigens, 
“Five days later lymph node cells were prepared and stained as described i in Table 
S legend. 150-200 PNA" cells were counted. single-blind. The results are from 
a representative experiment, expressed as the percentage of PNA™ semple celis 
staining with the antiserum. 5 








might be antigen specific. This reasoning was greatly 
strengthened by the demonstration that this IgM | to IgG switch 


was itself antigen specific. After priming with SRBC, secondary i 


immunization with SRBC reproducibly caused a switch in the 
germinal centre cells to a predominance of IgG” cells, whereas 
secondary injection of human red cells (HuRBC) caused no 
“shift (see Table 2). After HuRBC priming, secondary HuRBC 
but not SRBC injection caused the switch. 
-© More direct evidence of antigen specificity has been obtained 
at the single cell level. By using rosetting techniques, we have 
found that almost all specific-antigen-binding B cells have the 
surface phenotype of germinal centre cells during the active 
immune response to SRBC. Suspensions of immunized lymph 
nodes were incubated with RBC briefly on ice, and subsequently 
stained with TRITC-PNA. Ten per cent of PNA", IgD™~ cells 
in SRBC-immunized lymph nodes formed SRBC rosettes. As 
many SRBC antigens are probably either located on the eryth- 
rocyte surface, or not sufficiently represented to support rosette 
formation, this proportion of rosetting cells probably underesti- 
‘mates the percentage of germinal centre cells that are antigen 
Specific. Furthermore, after removal of glass~adherent cells 
(presumably macrophages binding cytophilic antibody), 98% 
(104/106) or rosetting cells were PNA™, and 100% (100/100) 
stained with RA3-6B2, a monoclonal antibody against B220”, 
the B-lineage specific form of the T200 family of molecules. 
Similar results were obtained after secondary injections. 
Rosette formation was antigen-specific. Six days after foot 
pad injection of SRBC or HuRBC, immunized lymph node 





Table 3 Germinal centre cells form rosettes specifically with the immunizing 





antigen 
No. of rosetting 
cells binding 
HuRBC HuRBC and SRBC 
_ Immunogen SRBC 
- SRBC 0 | 0 | 100 
: HuRBC 113 Q 0 
- SRBC and HuRBC 51 0 | 75 





BALB.B mice were injected with SRBC, HuBRC or a 1:1 mixture of both 
erythrocyte types. After 6 days cell suspensions from axillary and brachial lymph 
nodes were prepared and incubated for 1h at 37°C in glass tubes to remove 
adherent cells. Nonadherent cells were then added to a 1:1 mixture of SRBC 
and HuRBC and allowed to form rosettes for 10 min at 4°C. The cell mixtures 
were spun down and resuspended with rhodaminated PNA for 5 min after which 
they were diluted and directly examined in the fluorescence microscope. SRBC 
were labelled by incubation with FITC before rosette formation’’. Rosettes were 
(1) first. identified microscopically under dark-field illumination, (2) then examined 
under. UV epi-illumination using the filter combination for rhodamine to deter- 
amine if the rosetting cells were PNA™, and if so, (3) the type of erythrocyte in the 
rosette was determined using filters for fluorescein. Rosettes were scored when 
cat least 10 erythrocytes surrounded one nucleated centre cell. Approximately 
10-15% of the specific rosettes, thus defined, contained one or two heterologous 
contaminating erythrocytes, but the frequency was no greater in recipients of 
mixed erythrocytes than in animals immunized with only one type. All rosette- 
forming cells were B cells (100 RA3-6B2* per 100 rosettes counted}, nearly all 
were PNA-binding (104 PNA™ per 106 rosettes counted); and 10% (9.3; 10.1%) 
of PNA" cells formed rosettes. Similar results were obtained after secondary 
immunization. Truly mixed rosettes could be easily identified using this technique. 
In recipients immunized with both RBC types many mixed rosettes were observed 
before removal of adherent cells (presumably macrophages bearing cytophilically 
absorbed antibody). 












-cells were ; incubated with. a mixture: of HuRBC, ‘and’. ITC 


surface expression of specific. antibody. 


_ virgin B-cells are recruited in the formation of germinal centres 
~. during a primary immune. response, and subsequently undergo 
— differentiation and selection in this site. Although many 

differentiation events may occur within the germinal centre 


_ to the isotype appropriate to the site of the immune response. 


humoral immunity must await direct lineage analyses. 
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labelled SRBC. As shown in Table 3, PNA" cells of SRBC 
recipients only rosetted with SRBC, whereas only HuRBC 

rosettes were formed after HuRBC immunization. To rule out 
the possibility that these results were simply due to cytophilic 
adsorption of anti-RBC antibodies, individual mice wer 
immunized with a mixture of HuRBC and SRBC in the same 
footpad, and 6 days later the specificity of PNA™ rosetting cells 
was determined. If cytophilic antibodies were involved, we 
could expect most rosettes to be mixed, containing both FITC- 
SRBC and unlabelled HuRBC. Instead, all rosettes wer 
formed specifically with one or the other RBC type, providing 
strong evidence that PNA™ cells form rosettes by synthesis and 





The present findings support the concept that P 


population (for example, affinity maturation, suppression 
and/or reprogramming of normal lymphocyte migration p 
mechanisms’), we have focused initially on changes in heavy: 
chain class expression. If the precursors of germinal centre cells. 

are IgD", IgM” lymphocytes (as seems likely, although other — 
lineages cannot be ruled out'’:'*), the first such alteration in) 
isotype expression, which.may be necessary on entry into the | 
germinal. centre, is the loss of surface IgD. Occurrence and. 

significance of IgD regulation however, remain speculative. 
More interesting isthe direct demonstration. of changes.in the’ 

proportions of germinal centre cells expressing IgM and IgG- ` 
during the immune response. The switch to a predominance of = 
IgG bearing cells, and the observation that almost all antigen- 
specific B cells seem to be maintained in the PNA” pool, 
strongly argue that the genetic rearrangements leading to heavy © 
chain class switching occur in the germinal centre. The specific © 
lack of IgA expression in peripheral lymph node as opposed” ~ 
to Peyer's. patch germinal centres suggests that the germinal 
centre microenvironment (perhaps in conjunction with T-cell 
influences’’) may be capable of directing the heavy chain class 
switch, or perhaps of selecting cells that have randomly switched 


Although our findings support a role for germinal centres in 
the production of memory B cells and plasma cell precursors”, 
a thorough understanding of the role of germinal centres in 
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Studies of the murine A1 light chains produced by myeloma 
“cells. provided the first evidence for somatic point mutation of 
germ-line variable (V) region genes. An examination of the 
variable regions of 19 A1 chains revealed seven which differed 
= froma common sequence by one to three amino acid substitu- 
tions’, Subsequently, one of these presumed somatic variants 
of the single A1 V gene was characterized by DNA sequence 
analysis of the rearranged functional gene’. The predicted DNA 
sequence alteration was observed and no silent mutation was 
evident. These studies of A chain variants suggested that the 
hypervariable, complementarity-determining regions (CDRs) 
ht be a preferred site of somatic mutation because all seven 
characterized variants contained substitutions only in these 
regions. By contrast, comparisons of closely related « chain 
variable region amino acid sequences, and more recently V, 
-and Vu genes’, have suggested that somatic mutation prob- 
ably occurs in codons for both framework and CDR residues. 
=: To examine this apparent discrepancy between the sites of 
somatic mutation in A and « genes, we have determined the 
nucleotide sequence of two Al gene from hybridomas and a 
. A2 gene from a myeloma. These sequences demonstrate that 
= somatic mutation in A genes can occur in both the framework 
~ and CDR residues. 
We have previously characterized the sequences of genes for 
the Vy regions of two antibodies which bear (4-hydroxy-3- 
=: nitrophenyl)acetyl (NP)° idiotypic determinants. These anti- 
-. bodies were from hybridomas of C57BL/6 origin and possessed 
=- À 1 light chains: one was from hybridoma B1-8 which secretes 
an IgM antibody whose u chain is specified by a germ-line 
¿io nucleic acid sequence; another was from the $43 hybridoma 
~ Which produces an IgG2a antibody in which 10 base pairs (bp) 
in the Vu region were altered from the germ-line configuration 
by somatic point mutations. We determined, therefore, whether 
somatic mutation in the A 1 light chains paralleled that observed 
in their associated Vy regions. 

In addition, we have determined the nucleotide sequence of 
pA2-1, the A2 cDNA clone derived from MOPC-315"*. A 
comparison of the amino acid sequence of this protein with the 
sequence predicted from the germ- -line A2 V gene indicated 
the presence of somatic mutation’*, which was further defined 
© by determining the nucleotide sequence. encoding this protein. 

Molecular cDNA clones of the A1 light chain mRNAs were 
constructed as previously described? using the DNA insert from 
_ pABA 1-1 as probe’’. A preliminary characterization of several 
_ Al-containing cDNA clones by restriction enzyme cleavage 
> Suggested the presence of somatic mutation in the $43-derived 
sequence. Restriction enzyme digests of three B1-8 clones were 
consistent with the sites predicted from the germ-line Al DNA 
sequence’? but the $43-derived clone, pABA 1-15, had an 
additional Kpnl site in the J region (Fig. 1). 
 Toprecisely identify differences from the germ-line sequence, 
-the longest. cDNA clones pABA 1-9 (B1-8) and pABA 1-15 
(S43), were sequenced. The sequence of the pABA 1-9 insert 
indicated that the clone began with codon 47 and extended in 
the 3’ direction through the poly(A) (Fig. 1). This nucleotide 
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Peptide mapping of the Bi-8 A1 chain also suggested that this 
chain contained the germ line-encoded sequence (T.I, unpub- 
lished). 

The DNA sequence of the longest $43-derived clone, 
pABA 1-15, encoding the leader, V, J and most of the C region 
(up to the Pvull site at codon 195) is presented in Fig. 2. (The 
rest of the A1 sequence in Fig. 2 was derived from pABA 1-9.) 
The S43 V-region sequence contained three somatic mutations 
when compared with the germ-line sequence; two in the V: 
region at codons 80 and 87 and one in the J segment at codon 
103. Otherwise the DNA sequence consisting of the leader, V, 
J and the available C region was exactly the same as that found 
in the B1-8-derived clone, pABA 1-9, or in the BALB/c A 
germ-line DNA sequences’. The somatic mutations in the A 
chain of $43 all occurred outside the CDRs—they are the first 
somatic mutations to be located outside these regions in a 
productive A1 gene. The mutations in codons 80 and 87 result 
in fairly conservative amino acid replacements; the new 
methionine (Met) residue at codon 87 is also found at that 
position in the A2 V region. 

Comparison of the C57BL/6 and BALB/c A1 germ-line 
cDNA sequences beginning with the initiator Met codon and 
extending 3’ to the poly(A) sequence showed complete identity. 
Given the polymorphisms evident in comparisons. of heavy 
chain constant regions between these two strains”, the complete 
absence of polymorphic differences in these A1 sequences is 
notable. 

To characterize somatic mutations present in the MOPC- 
315 A2 chain, the DNA sequence of pA —1 was determined”? 
(Fig. 2). Six somatic mutations in the V region were found, at 
codons 38, 50, 94, 95 and 96. This sequence corrects the 
published amino acid sequence at positions 55 (where MOPC- 
315A2 has the germ-line sequence), and at 145 and 146 and 
it removes the ambiguity at codons 147~148'°'’. All of the 
observed somatic mutations occurred in CDRs except for those 
found in codon 38. The precise junction between the V,.2 and 
J,2 segments can be defined because the J, germ-line sequence 
has recently been determined’**’’. The J,2 sequence in pA 2-1 
is identical to the germ-line sequence. 

These analyses have shown that somatic mutations in A chains 
need not be localized in the CDRs. The sequence of an aber- 
rantly rearranged à 1 gene in MOPC-315 also showed somatic 
variation outside of the CDRs”’. It therefore seems likely that 
for A, as for «*”’ and Vy genes™ "7, somatic mutation occurs 
throughout the variable region sequence. 
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Fig. 1 Restriction map and DNA sequencing of A cDNA clones. 
The clone pABA1~15 was derived from the $43 hybridoma, 
pABA1~9 from Bi-8 and pA2-1 from the MOPC-315 
myeloma’”. a The DNA sequence was determined using the 
Maxam-Gilbert?> procedure on 5'-kinased DNA. The arrows 
indicate the DNA sequences determined in the 5’ to 3’ direction. 





© 1982 Macmillan Journals Ltd 


oak -G43 see Ala Trp Tle Ser Leu lle Leu Ser Deu Leu Ala Leu Ser Ser Gly Ala Ile Sey Gln Ala Val Val Thr G] 


J2-MOPC3IS © O 


ATG GCC TGG ATT TCA CTT ATA CTC TCT CTC CTG GCT CTC AGC TCA GGG GCC ATT TCC CAG GCT GTT GTG AC 


TOTCAATT meee ae remem atte eam eee in eine ene un ne: i e. ea Ge ee oar 








10 20 a cpr 30 


oe LAANA A ama nee enaa TE 





an aaa a ara O 


Ser Ala Leu Thr Thr Ser Pro Gly Glu Thr Val Thr Leu Thr Cys Arg Ser Ser Thr Gly Ala Val Thr Thr Ser Asn Tyr Ala Asn 


- TCT GCA CTC ACC ACA TCA CCT GGT GAA ACA GTC ACA CTC ACT TGT CGC TCA AGT ACT GGG GCT GTT ACA ACT AGT AAC TAT GCC AAG 





ae "E 50 O o CDR2 T K- 
Trp Val Gln Glu Lys Pro Asp His Leu Phe Thr Gly Leu He Gly. Gly The Asn Asn Arg Ala Pro Gly Val Pro Ala Arg Phe Ser 
=- Hei- a a ee Ber ee a ET Ee 


ATA GGT GGT ACC AAC AAC CGA GCT CCA GGT GTT CCT GCC AGA TTC TCA 
BO = oe a Sain 
on oe ee o ce |. ee fa, ute lle cia ts 
Gly Ser Leu lle Gly Asp Lys Ala Ala Leu Thr Ile Thr Gly Thr Gin Thr Glu Asp Glu Ala Met Tyr Phe Cys Ala Leu Trp Tyr 
mm em la Aspe ee ee Re Phe 

















GGC TCC CTG ATT GCA GAC AAG GCT GCC CTC ACC ATC ACA GGG ACA CAG ACT GAG GAT GAG GCA ATG TAT TTC TCT GCT CTA Toe Tac |. 


ae ae ew a Se Sh a a a “tag rp acm igh “humic: aa asa a be occu, ae am aaan Cy whom” Saisie: eee econ, Samana aia et ee i tc ce ie 





Ser Asn His trp. Val Phe. Gly Gly Gly Thr Lys Leu Thr Val Lea’ Gly. Gln Pro Lys. Ser Ser Pro Ser Val. Thr Leu Phe Pro Pr 
Arg ~ Phe cm 95 Ce ow ose ae D . poe Tha The Lea = Val =o =) 


Ser Thr . 
AGC AAC CAT. TCC GTC TTC GGT GGA GGT ACC 


ct TEG. cca TCA GTC ACC CTG TIT CCA C 
wef me rie -TT MAT we eel T wim mone win oi j l 





Ser Ser Glu Glu Leu Glu Thr Asn Lys Ala Thr Leu Val Cys Thr Tle Thr Asp Phe Tyr Prë Gly Val Val Thr Val Asp Trp Lys 
=- = = = = bys Gin = oe = = = = a Les = Ber Asn = Ser ~ Ser Gly- laa ‘Ala = 


TCC TCT GAA GAG CTC GAG ACT AAC AAG GCC ACA CTG GTG TGT ACG ATC ACT GAT TTC TAC CCA GGT GTG. GTG ACA GTG GAC TGC 
eee mer eG wee one Ass GAA mma = Ronan mee mae wee ee CTE aap PaE AAC HoT Cn eG Ana SGT woe ose Se te cee 


Val Asp Gly Thr Pro Val Thr Gin Gly Met Gla The The Gin Pro Ser Lys. Gin Ser Ast. Asn Lys Tyc MetiAla Ser Ser Tye 
Ala Asn ~ -=~ =- Ite = > o = Val Asp ~ Ser Asni. Thr = Glu gly ~ a GE Phe Ty ee or Phe y 


GTA GAT GGT ACC der GTC ACT. CAG GGT ATC GAG ACA ACC CAG CCT ‘TCC AAA 
«C= Ane nee MRA mee Ane aC mee See Gee oO =T THA AAT SIC Ane 





Thr Lew Thr Ala Arg Ala Trp Glu Arg His Ser Ser Tyr Ser Cys Gh 
His ~= » Ser Asp Gln ~, CALE Ser: =- Asn —- Phe Thr =. 





G.AAG AGT TIG TCC 


. 
mete” amaan i (ham oe 


ACC CTG ACA GCA AGA GCA TOG GAA AGG CAT AGC. AGT TAC AGC. 3 TGC CAG: GTC. 
CAT Te- --~ T-G GAC CAG === AG- TCT =C ~A === “TT 4C 


A a 
fi eaae swt an 





Pro = Glu -~ Leu -== 


ae r ae Si" E rn: ie Eo a 80 


COY GET CAC TCT TCC TAG G TCATCTAAC CTTCATTTTA COCACAGACG, CTGAGATCAG [AAACATOC eC. AAGTCTATCC TTGCTGCTTT TOCCTACCAT ~ 
aC meh mA 4+ CT ==A GAACCCAGCT TICTCETTAC CETGOGAACC. CIGCAGCTTT “TAGAGACOEA. GOGTGCCETC CYCTTTATAT TAGCTATCTT | 





a6 100 one © no 130. 
AVECCTYCTC TCTACCCTCA AAATCCACAA TAAAATGTTC ATTCAC AL $43 
AACCCTICTT TECTGCCCAC TGAATATTAA ATAAAATATC ATTAGTTAAT ©. 42- -MOPC315 


Fig. 2 Nucleotide’ guene sof À cDNA clones. The DNA sequence labelled A 1-843 was derived from the ABTI 15: Godan — 19 t too 
195) and pABA 1-9 (codon 196 to the poly(A). sequence) plasmids and the A2~-MOPC-315 sequence was derived from the pA 2-1. plasmid"? Po 
(Fig. 1). The predicted amino acid sequence is indicated above the nucleotide sequence and these residues are numbered. A dash (~~). 
indicates a position where the A2 sequence is identical to the A1 sequence, and a period (.) indicates a gap used for sequence comparison 
_ at codon 173, The circled nucleotides immediately above the A1 sequence at codons 80, 87 and 103 and immediately below the A2 sequence ~~ 
= at-codons 38, 50, 94, 95 and 96 indicate the seguencei of the corresponding germ-line genes: the Al and A2 V and J germ-line sequences 
were determined by Tonegawa and co-workers”"'*"'*, The V, J and C region boundaries are indicated; arrows indicate the location of the 
V-3 junction. The double arrow above the A1 sequence indicates two possible sites for the. actual junction. The arrow beneath the A2- 
‘Sequence indicates that there is no ambiguity in the assignment for the A2 chain. The 3 untranslated regions are numbered separately to | 
facilitate reference to that region. One sequence error found in our previous sequence’? is corrected here (the 3’- terminal Al sequence 
_ immediately preceding the poly(A) in BALB/c and C57BL/6 is AC and not ATC). All of these sequences were determined using the. 
'. Maxam-Gilbert methods””. Restriction enzyme sites in the A2 clone occur at the following codon positions: Aval, 144; BamHI, 38; Beil 
150; Bglll, 189; Hinfl, 5, 7. 63 and 208; Kpnl, 52; PstI, 212 (base pair position 31 in 3’ UT region); and SacI, 57,127. The inserted A2 
c Sequence at the Pst] site in the cloning vector is CTGCAG ¢-insert-Az3-C 16 TGCAG. The eo sone ing: anes in PABA iz FS 
a CTGCAG, 3 CG,-insert and in pABA 1-9, ain TGCAG. 
































































_ In previous experiments, all of the observed jomatic variation 
in myeloma A1 chains was restricted to the CDRs’. Further- 

more, the existing data on V, and Vu shows a strong bias for 
somatic variation (as well as genetic variation) to occur in the 
CDRs (refs 8, 12 and A.B., M.P. & D.B., unpublished). There 
= are two alternative possibilities for this clustering of somatic 
events: either there could be a predisposition for mutations in 
- the CDRs, or selection could be operating. Preferential somatic 
mutation in the CDRs would require a remarkably specific 
- mechanism but may occur. Selection could either act negatively, 
causing a loss of variants in the framework regions, or could 
act positively and favour proteins with variation in the CDRs. 
- Negative. selection seems unlikely because an excess of silent 
(synonymous) mutations in the framework compared to those 
from random mutational events would be expected. However 
< the ratio between silent and replacement mutations in these A 
Sequences was approximately that expected from random muta- 
tion (25%); $43 and the MOPC-315 A2 had 1/3 and 1/6 silent 
mutations, respectively. Positive selection could be exerted 
©. either through better antigen binding due to variations in the 
.. CDRs or selective regulation by the immune system, but the 
expected bias in favour of replacement mutations might not be 
< evident in the limited data available. 

The constant regions of both the Al light chain and y2a 
heavy chain‘ of the $43 hybridoma are germ-line DNA sequen- 
ces although both variable regions show mutation’. Studies of 
the spread of somatic mutation away from the coding sequence 
suggest that barriers must exist to the spread of mutational 
activity. For « light chains, no spread outside of the coding 

<- regions was observed*”’ although for A1, mutations just 3’ to 
the J segments have been observed**°. Because the V}, gene 

~ is only 1,250 nucleotides from the Cis gene in the joined 

configuration’, the lack of mutation in the S43C,, region sug- 

© gests that the barrier to mutational spread in the Al gene is 
<v within the 1,250 nucleotides 5’ to the C,, region. For heavy 
chains, extensive spread of mutation away from the rearranged 
Va region has been observed?” 

There does not seem to be absolute specificity for mutations 

at particular nucleotides although similarities have been obser- 
~ ved”, Interestingly, the three $43 A1 chain mutations occurred 
_ only at purine residues and we have noted a similar bias i in the 
Vy region from the $43 hybridoma (9 out of 10)*. The six 
somatic mutations in the A2 cDNA, however, occurred at all 
four bases, three at purine and three at pyrimidine residues. 
The significance of a purine bias in some but not all data remains 
puzzling. 
> The MOPC-315 tumour expresses two A mRNA species, one 
< producing a normal A2 protein and the other producing a 
-truncated Al protein™?. The V-J junction of the A1 sequence 
puts the reading of the rest of the mRNA out of frame?’ 
Presumably in the progenitor MOPC-315 cell, the Al gene 
_ rearranged first but because a functional polypeptide could not 
be synthesized, the A2 gene was later rearranged. Following 
the productive A2 rearrangement, a similar level of somatic 
- mutation occurred in both rearranged A genes, the AL pene 
having seven somatic mutations in its coding sequence’ ° and 
< the A2 containing six mutated bases (Fig. 2). Pech ef al.” found 
_ a related situation for x genes where in one myeloma cell both 
> an expressed and an unexpressed but rearranged x gene showed 
similar levels of somatic variation. : 
Except for one report (HPC 16; ref. 22), data on somatic 
_ variation has revealed no variants appearing in association with 
the u heavy chain isotype but many variants have occurred in 
association with other isotypes***. This again was seen in the 
SA data: B1-8 has a u heavy chain and no somatic variation in 
its A chain, $43 has a y2a heavy chain and somatic variation 
>in both its heavy and A light chain, and MOPC-315, with an 
a heavy chain, has somatic variation in its A2 light chain. 
~ Somatic mutation is not, however, obligatory during isotype 
: «switching: protein sequencing has identified germ-line sequen- 
< cesin non-IgM antibodies” as has nucleotide sequencing (A.B., 
* M.P. & D.B., in preparation). It seems that isotype switching 
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of B-cell development after its encounter with antigen. More 
data will be needed to clarify these relationships. 

Finally, these data allow a direct comparison of the nucleotide 
sequences of the Al and A2 constant regions. The two genes 
are obviously related but differ at 30 out of 105 amino acids 
(Fig. 2). They are more different from one another than the 
three human A sequences recently determined”. They differ 
so extensively in their 3’ flanking sequences that the homology 
is not very evident (and therefore in Fig. 2 the identities are 
not shown with dashes). The two genes probably diverged in a 
species ancestral to the present mouse species. By contrast, the 
human A genes are closely related and therefore diverged quite 
recently, as did the mouse A2 and A3 genes as shown by protein 
sequence data’’ 
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The class I glycoproteins. of the major histocompatibility com- 
plex (MHC) are products of closely linked genes on the 17th 
chromosome of the mouse. Four highly homologous cell surface 
proteins, K, D, L, and Qa-2 (refs 1-4), belonging to this 
multigene family have been analysed. Several additional mem- 
bers*’’, M, R, TL, are indicated by biochemical data and recent 
serological data suggest the family is larger". Recent reports 
using recombinant DNA technology sug gest t that the class I 
system is an extensive multigene family” ?. In this report we 
describe results of experiments using restriction enzyme diges- 
tion of DNA from a group of standard, congeneic and MHC 
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jacombinani i mouse strains followed by hybridization to H-2 


cDNA probes. Particular bands of hybridization can be assigned 

to specific H-2 haplotypes and, therefore, to the MHC region 

of the 17th chromosome. A number of the MHC polymorphic 

bands have been assigned to genetic map positions in the K 
and. D-L regions of the H-2 complex. Additional class I gene 
“sequences map outside the boundaries of the traditional H-2 
complex (K, I, S, D), into the Qa-Tla region. At least one 
uence is centromeric to the K locus. Further, amino terminal 
and carboxy terminal probes show different restriction patterns, 
suggesting that the exons corresponding to the different 
< domains of the class I glycoproteins may have different 
evolutionary histories. 











We used two cDNA probes’ to identify the DNA sequences — 


bearing homology to the class I antigens. The first, pH-2.Ha, 
is homologous to the exons encoding from amino acid 167 
through the carboxy terminus of the H-2K° glycoprotein. The 
second probe, pH-2.HI, is homologous to exons encoding from 
amino acid 63 to 160. 

. To determine whether the bands that hybridize to the cDNA 
probes are specific for any given haplotype and if these bands 
are located in the MHC, comparisons were made between 
hybridization patterns of class I cCDNAS to genomic DNAs of 
standard mouse strains and those bearing (1) different MHC 
haplotypes but identical non-MHC backgrounds, and (2) iden- 
tical MHC haplotypes but different non-MHC backgrounds. 
DNA from these standard and congeneic mouse strains was 
digested with Bam HI endonuclease and examined by hybridiz- 
ation to the carboxy terminal cDNA probe pH-IIa (Fig. la). 
The results show that approximately 50% of the bands in the 
DNA of each haplotype are polymorphic when compared with 
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Fig. 1 Characterization of Bam HI genomic restriction fragments 
by hybridization to the cDNA probes, pH-2.[la and pH-2.III. 
Splenic DNA was isolated from inbred strains maintained by Dr 
F. Lilly. Spleen cells were disrupted in 10mM Tris (pH 7.4), 
0.05 M EDTA, 0.5% SDS and 100 g mi” ' protinease K and incu- 
bated at 37 °C for 16h; Protein contaminants were extracted from 
high molecular weight DNAs with phenol, chloroform, isoamy! 
alcohol, and the DNAs were recovered by ethanol precipitation. 
Samples of 12 wg of DNA from each strain were digested to 
completion with BamHI and electrophoresed overnight on 0.8% 
Agarose gels in G-M buffer (0.18 M Tris, 0.18 M boric acid, 
6mM EDTA, pH 8.3) at 60 V. The DNA in the gels was trans- 
ferred to nitrocellulose paper by the method of Southern’*. Fol- 
“ . lowing transfer, the filters , were prehybridized (5 x SSC, 
>. $0mM PO, pH 7.4, 50 pg ml’ salmon sperm DNA, 50 pg ml” 
- poly(A), 1X Denhardts solution) at 65 °C for 6 h. Radioactively 
>- labelled cDNA clones (2 x 10° c.p.m. mi `+) were added to prehy- 
: -bridization solution containing 20% dextran sulphate. After 
hybridizing for 6 h at 65°C the filters were washed three times 
in 2x SSC, 0.2% SDS at 65 °C and twice in 0.1 x SSC, 0.2% SDS 
at 55°C for 20 min. The filters were exposed to X-ray film with 
an intensifying screen at ~70°C. 











the other haplotypes (7/13 in the b haplotype, 9/ 16 in the d 


haplotype, 6/13 in the k haplotype). This polymorphism can — 
be assigned to the MHC segment on the 17th chromosome- 
because the congenic strains, BALB: B, BALB/cand BALB-K- 
differ only at the MHC chromosomal segment. Schematic rep- 
resentation of the banding patterns and the distribution among 
three haplotypes is shown in Fig. 2. The degree of polymorphism 
observed by our analyses (approximately 50%) is probably an 
underestimate since dissimilar bands may be approximately: 
equal in size and high molecular weight bands greater than 5- 
kilobases (kb) are not resolved as well as the smaller bands. |. 
The distribution of BamHI fragments homologous to the 
two probes was different (Fig 1a,6). Unlike the pattern of | 


bands observed with the carboxy terminal probe H-2.Ila, the 


amino terminal probe, pH-2.IH, distinguished between two. 
groups of bands. One family consisted of four prominent bands 
which hybridized strongly to the probe while the remaining To 
to 9 bands hybridized weakly. ; 
The availability of congeneic mouse strains as well as recom- =- 
binant mouse strains, that were derived from previously defined — 
arrays of class I alleles, provided the means to assign the class =- 
I hybridizing bands not only to the MHC of chromosome 17. 
but also to specific map positions within the MHC. The results- 
of a series of experiments (as in Fig. 1c) utilizing b, d, and k- 
haplotypes and recombinant haplotypes, a, h4, i3, if, g2 and 
g are shown in Fig. 3. a mapping patterns fall into several 
groups. Bands 1, 3, 4, 5, 6, 7 and 17 cannot be mapped to any 
specific region within the MHC since these segments of the 
genome do not contain detectably polymorphic Bam HI sites. 
Two BamHI bands, 2 and 18, map to the K end of the H-2 
complex. Band 2 is present in the d haplotype, also present in.- 
th g2 and g haplotypes, but absent in the 6 haplotype. Since 
g2 and g are haplotypes derived from recombination events. 
that substituted a portion:of the b haplotype at the D end of. . 
the H-2 complex, band 2- must map to the region containing ~ 
the alleles derived from the d haplotype, namely the K end.: 


Band 18 can also be mapped to the K end since it is present: : 


in the b haplotype but is absent in the d, g2 and g haplotypes. 

Another group of bands appears to map to the D end of the 
H-2 complex. Band 12, for example, is present in the d and a 
haplotypes but not in the b haplotype. Recombinants i3 and 
iS contain band 12 and have. a haplotype-specific genetic 
sequence from I-C through the Tia region. Thus the presence 
of band 12 in these strains indicates that the location of the 
DNA fragments contained in band 12 must be at the D end. 


The absence of band 12 from the recombinant A4 which does = 


not have either the d or a haplotype sequences in the D region . 
further supports this mapping assignment. Similar analyses can - 
be used for the mapping of the other bands, 10, 11, 13, 14, 
16, 20 and 22 to the D end. | 
The remaining bands, 8, 9, 15, 19 and 21 cannot be directly 


mapped by the recombinants tested. The ambiguity about the 


location of these bands arises because the genetic regions. 
homologous to class I cDNA probes may map to the cen- 
tromeric as well as the distal side of the MHC because the: 


- boundaries defined by the congeneic and recombinant strain: 


have not been established. However, it is possible to eliminate 
some regions of the MHC, where these bands cannot be located.» 

For example, bands 15 and 19 which are present in the a 
haplotype but not the k haplotype must be absent from the K 
or I-A region of the H-2 complex. Similarly, bands 8 and 21, - 
which are present in the k haplotype but in none of the other 

strains examined, should not be present in the K or Ia region. 


Band 9 is present in the a haplotype but absent from both d : 


and k haplotypes and thus must map outside of the traditionally 


defined H-2 complex since the a haplotype contains both d > 


and k alleles throughout the complex. 

The genetic sequences mapping to the D-end of the H-2 
complex have been analysed with additional restriction enzymes 
and a Qa-T1a congeneic mouse line, B6.T1a* (data not shown). 
The recombinant MHC haplotype of this inbred strain include 
the K, D and L alleles of the b haplotype and the Qa-T 
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` alleles of the a haplotype. A comparison of the banding patterns 
Of B6.Tla™ with those from the strains B10(H~-2"), B10.A 
(on (H-2*), and-B10.A(3R) (H-2") (Fig. 3), subdivides the poly- 


morphic D-end sequences into two groups, those mapping to 


co the D-L region and those mapping to the Qa-Tla region. 
Similar mapping assignments of Class I genes to the Qa-Tla 
region have been reported by others”, 

A similar analysis has been carried out using the amino 
terminal probe pH-2.1I] (data not shown). Results are similar 
to the pattern seen with pH-2.Ila with the exceptions that two 
instead of one d haplotype specific fragment maps to the K 
end, and one fragment shared by the d and a haplotypes maps 
between H~2K and the centromere. 
















ec i p Fig 2 Schematic rep- 
5. d _ Tesentation of BamHI 
OBLA b a k fragments hybridizing to 
SFG b a k the carboxy terminal 
646 b* d k probe pH-2.Ha. This 
ee bi ` k summary is based on 
pao P 4 is several analyses, includ- 
3.5 ing those shown in Fig. 1. 
3,1 d Bands were assigned a 
3.0 b k number. according to their 
2.9 d relative migratory posi- 
A p d K tion on 0.8% agarose gels 
e b d in G-M buffer (see Fig. 1), 
2.4 d Bands not-distinguishably 
2.4 b d k different among haplo- 
2.2 b k types were assigned the 
eat B p same number. Size esti- 
ae k mates are based on band 
0.9 d mobility relative to Hind- 


Ill fragments of A phage 
DNA. 
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The different hybridization patterns observed with the amino 
terminal and carboxy terminal probes for the Bam HI fragments 
(Fig. 1), raise questions about the evolutionary relationships 
among the exons representing the protein domains of the class 
I antigens. For example, recent evidence suggests that the third 
protein domain of H-2K*, (approximately amino acids 180 to 
270), is critical for association. with 8.~microglobulin (K, 
Yokoyama and §,G.N.,, unpublished data). This region is quite 
important for the function of the molecule. Since other class I 
glycoproteins are believed to associate with 8,—microglobulin”’, 
they may also retain a similarly conserved domain. This damain 
is homologous to the carboxy terminal probe (pH-2.Ila), but 
not to the amino terminal probe, a relationship which could be 





Fig. 3. Summary of H-2 re- STRAINS H-2 CIR K IA IC 
combinant BamHI banding 
patterns. As. described in Bio b b b p b 
Fig. 1, DNAs from the 
inbred strains B10, BALB/c, BALB/c d d : ae d 
and C3H were. compared l 
with. the DNA from the  C3#Ħ k k k k k 
presumed BIO A, the axb 
haplotype. recombinants BICA D a k ko g 
Bi0. AR), BILAR} n | . Be 
B10.AGR), and the bxd COAR) bs a k k fe 
“. haplotype: recombinants 91, Arap d l is 
“DIGD sf BALRG, the o OAR ee ea 
-apptoximate positions of re- gig. A(SR) i5 (ht 
combinant sites, marked with — . k AE 
ca bar, da all. recombinant  p2.60 o g2 á da alge 
o strains have been established PES 
_ by classical mapping using BALB.G g ddd 
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responsible on he extensive strong cross- -hybridization of the 


probe with numerous class I sequences throughout the MHC. 


In contrast, the amino terminal probe hybridized to restriction 


fragments, with various intensities, suggesting that those 
sequences homologous to the amino terminal portion of the 


_ molecules have evolved more rapidly than those homologous | 


“to the C-terminal portion. 






< family, homologous to genes encoding class I H-2 antigens, 
extends from the centromeric side of the K region through the 
-Qa-Tla region on chromosome 17. Most of the polymorphic 
-bands map the gene sequences distal, with respect to the cen- 
- tromere, to the complement components (S region) of the H-2 
complex. Many of these sequences clearly are associated with 
the Qa and Tia regions. These data suggest that the H-2 
complex i is only a small part of a larger set of genes comprising 
the major histocompatibility complex. 
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In most cats exposed to the contagious’ feline leukemia virus 
(FeLV), viral replication is contained in target haematopoietic 
tissues” and elicits humoral immunity to FeLV and to the feline 
oncornavirus-associated cell membrane antigen (FOCMA)** 
Recently, we and others have considered that these ostensibly 
self-limiting infections might be persistent nonproductive 
(latent) infections in certain haematopoietic cells. This 
hypothesis could account for the relapsing viraemias’, protrac- 
ted incubation periods’, persistently high titres of antiviral and 
anti-FOCMA antibodies’, appearance of FeLV p27 antigen in 
serum of otherwise non-viraemic animals’ and occurrence of 
FeLV-negative but FOCMA-positive leukaemias in naturally 
infected pet cats™™*", Here we describe the reactivation of latent 
. FeLV from myelomonocytic and lymphoid cells of cats immune 
to FeLV, cats bearing Fel V-negative tumours, and kittens 
-congenitally exposed to FeLV. Furthermore, the reappearance 
of FeLV infection is suppressed by the host’s immune system 
but this can be altered by adrenal corticosteroid hormones in 
vivo and in vitro. 

Self-limiting (regressive) FeLV infection was established in 
10 adult specific pathogen-free cats by two oral-nasal exposures 
to 10° focus-forming units (FFU) of FeL V-R (Rickard) strain’? 
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findings reported in this study indicate that a multigene _ 


and confirmed by demonstration of transient group specific | 
antigen (GSA) in peripheral blood mononuclear leukocytes 
(PBML)*”’, 1-3 weeks after exposure and persistent FOCMA- 
L564 and FOCMA-S" antibody responses 2-4 weeks after 
exposure. | 
At 16-20 weeks after exposure, femoral bone marrow. cells, 
mesenteric lymph node cells, peritoneal macrophages and: 
PBML were collected. Freshly isolated cells were negative fo 
GSA by fixed-cell immunofluorescence assay’? and were néga- 
tive for replicating FeLV by a viral infectivity assay’ (Table. 
1). However, high titres of FeLV were reactivated following | 
isolation and in vitro propagation of marrow from 8 of 10 | 
FeLV-immune cats but not from any of 4 FeLV-naive cats 
(Table 1). Identification of the reactivated agent from four cats 
as FeLV was confirmed by neutralization’® of its infectivity for © 
clone 81 cells. This was achieved by preincubation with a 1:10. 
dilution of goat anti-FeLV serum or a 1:4 dilution of autoch- — 
thonous cat anti-FeLV serum but not FeLV-naive goat or cat — 
serum. Moreover, immunofiuorescent 


demonstrated small clusters of GSA-positive proliferating 
myelomonocytic precursor cells (20% of total cells present), 
Neither the differentiated macrophage majority nor the mature 
granulocyte minority also present contained GSA. Refractori- 
ness to retroviral replication, therefore, accompanies differenti- 
ation of feline myelomonocytic progenitor cells. 

Stimulation of lymphocytes from lymph node but not bone 
arrow, by the feline T, cell mitogen staphylococcal Protein 
A (Protein A)” gave rise to low titres of recrudescent FeLV. 
Unstimulated nodal cells and PBML did not generate viral 
infectivity, nor was it found in cells activated by other T cell 
mitogens (phytohaemagglutinin, pokeweed mitogen, con- 
canavalin A) or the B cell mitogen lipopolysaccharide'*. Lym- 
phocyte and macrophage growth factors and the tumour pro- 
motor, 12-O-tetradecanoyl-phorbol-acetate, also failed to 
reactivate GSA or viral infectivity in node cells or PBML. 


Thioglycollate-induced peritoneal macrophages did not reacti- — 2 


vate GSA or viral infectivity (Table 1). Parallel cultures of 
marrow, lymphocytes and macrophages from FeLV-naive cats 
were negative (Table 1; ref. 19). 

Bone marrow, tumour biopsies, PBML and serum were 
obtained from two pet cats referred to Ohio State University 
Veterinary Teaching Hospital for Fel.V-negative lympho- 
sarcoma of the mesenteric or popliteal lymph nodes (Table 1). 
In both cats, virus was reactivated from cultured marrow cells 
but not blood or tumour cells. 

Finally, matings between two regressor females (cats 748B1, 
1586) and two regressor males (cats 1604, 748B2) produced 
two litters of five kittens (kittens 1586-1, 2, 3; 748B1-1, 2) with 
evidence of congenital FeLV infections (Table 1). Both females 
were re-exposed by asingle intraperitoneal dose of FeLV during 


. the first week of gestation but remained negative for viraemia 


of marrow origin”? throughout the 9-week gestation period. 
Freshly isolated fetal (1586-1, 45 days gestation) and neonatal 
(1586-2, 3; 748B1-1, 2) lymph node, thymus and maternal 


= placenta (1586) were negative for GSA and viral infectivity. 

_ Infectious virus was expressed in cultured marrow from three 
-kittens (1586-1, 2; 748B1-1), cultured thymus of two kittens 
(1586-1; 748B1-1) and freshly isolated, as well as cultured, 
o liver haematopoietic cells of the fetal kitten (1586-1). $ 


The presence of FeLV replication in fetal haematopoietic 
cells, but not maternal placenta, suggested that transplacental 


r passage of FeLV was not prevented by maternal anti-FeLV | 
- responses. Other workers have shown that in cats the majority ; 
_ of maternal antibody was transferred in colostrum*”*’, Passive — 


(colostral) transfer of maternal FeLV-neutralizing antibody”? 
to suckling neonates is perhaps responsible for maintenance of- 
the neonatal infection in its non-productive, but reactivatable | 


_ form. 


Therefore, latent FeLV infections are charaeenzed by 


_ absence of infectious virus in freshly isolated marrow, nod 
macrophage and PBML, and reactivation of viral infec! 


138; Macmillan- Jo T 


examination of 
methanol-fixed, cytocentrifuged preparations of marrow cells = 
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FeLV-immune lymphosarcoma Congenital FeLV-naive 
No. of cats No. of cats No. of cats No. of cats 
Days in positive positive positive | positive 

Cell source culture for VI VI for VI VI for VI VI fer VE VI 

Marrow 0 0/10 <$ 0/2 <§ o 0/5 aS o D4 <5 

-> Marrow 6 8/10 11,794 272 1,565 3/5 9 0/4 <5 

(580-74,500) (975~-2,060) (40-120) | Ss 

 PBML 0 0/10 <5 0/2 <5 0/2 25 a OH gs 

: PBML-PA 7 0/10 <5 0/2 <5 0/2 <5 0/6 <5 

= Lymph node — 0 0/5 <5 ND ND 0/4 <5 0/6 <5 

Lymph node-PA 7 5/5 155 ND ND 0/4 z5 0/6 <5 
a a (10-675) 7 

_.. Peritoneal 0 0/3 <5 ND ND -© ND ND 0/4 <5 
=: macrophages | 

-+ Peritoneal = 7 0/3 <5 ND ND ND ND 0/4 <§ 

macrophages | 

Tumour 6 ND ND 0/2 <§ ND ND ND ND 

~~ Tumour 7 ND ND 0/2 <5 ND ND ND ND 

: Tumour 28 ND ND 0/2 wo Sie ND ND ND ND 

Thymus 0 ND ND ND ND 0/4 <5 0/4 <5 

Thymus 6 ND ND ND ND 2/4 TI 0/4 <§ 

(44-110) 


-ce Cells were collected by aspiration (marrow, peritoneal macrophages), surgical biopsy (node, tumour, thymus), or venipuncture (peripheral blood) 
from cats anaesthetized with ketamine. Peritoneal macrophages were collected 4 days after intraperitoneal inoculation of thioglycollate. Partial 
< «purification of mononuclear cells from marrow and blood was by density separation on Ficoll-metrizoate gradients (specific gravity 1,077). Marrow 

and peritoneal macrophages cultured in McCoys 5A with 20% (marrow) to 40% (macrophages) horse serum by modifications of the procedure 

of Dexter and Testa**, PBML, lymph node neoplastic lymph node, and thymus were cultured in RPMI 1640 and 20% fetal calf serum'’. A 
minimum of 10° freshly isolated or cultured cells in I-ml were disrupted by two freeze-thaw cycles prior to viral infectivity (VI) assay”’: 
0.2 ml of disrupted cell-associated inoculum and 0.2 ml of cell-free supernatant from each culture were each applied to 5x 10° indicator clone 
RT cells in 24 cluster dishes. VI data, expressed as FFU per 10° mononuclear cells, is the sum of cell-associated virus and cell-free virus for each 
cat positive for reactivated virus, averaged between the number of cats positive for reactivated virus from marrow versus node, etc. The ranges 
for the individual VI sums are indicated in brackets. ND, not determined. 


-from cultured marrow cells and a minor subset of nodal lym- 
-< phocytes. These data suggest that self-limiting (regressive) 
-FeLV infections are actually latent (nonproductive) infections 























Protein A-reactive cells in the lymph nodes. 


tion in vitro- described for the putative human herpesviral 
-oncogen, the Epstein-Barr Virus (EBV)”*” has been attributed 
>to the presence versus absence of a host immune response 
against virally infected cells. By analogy, while those cells 
expressing FeLV antigens would be eliminated in regressor 
cats, nonproductively infected cells would survive. Therefore, 
we investigated the role of host antiviral defenses in the main- 


_ cats mounted both cell-dependent and antibody-dependent kill- 
: . ing of autochthonous marrow cells with reactivated virus (Table 
2) but did not kill freshly isolated marrow cells. Cells from 





_ The early containment in haemolymphatic tissues and estab- 


- corticosteroid (CS)-sensitive**. In vitro studies have shown that 


of myelomonocytic precursor cells in the bone marrow and: 


A similar coupling of virus latency in vivo with viral reactiva- - 


= tenance of FeLV infections in their dormant phases. Regressor _ 


-transformed**”. 


lishment of regressive versus progressive infection in vivo is _ 


minority populations of feline macrophages and lymphocytes 
are susceptible to productive FeLV infection?” and that the 
permissiveness of macrophages but not lymphocytes to FeLV 
infection can be augmented by CS'*”’. To examine this further 
we investigated the effect of CS on. latent FeLV infections in 
vivo and in vitro. Cats with established regressive FeLV infec- 
tion were treated with 10 mg per kg methylprednisolone acetate 
twice weekly for 4 successive weeks. They developed productive 
FeLV infection in marrow and. diminished antibody to 
FOCMA-L 1-2 weeks after initiation of CS treatment (Table 


3). While 3 of 5 cats were able to contain reactivated FeLV, 2 
_of 5 cats remained persistently viraemic 135 days after initiation 


of treatment. Comparable non-CS§-treated untreated regressors 
maintained for 2-3. years in similar environments have never 
developed productive infection’. 


© Reactivation of FeLV from latently infected marrow. 
myelomonocytic precursor cells and 


from peritoneal 
macrophages but not from lymph node or PBML occurred in 
vitro following CS treatment (Table 4). Reactivation of FeLV 
was associated with induction of cytoplasmic GSA in 15-30% 
(mean 21%) of untreated regressor cat bone marrow cells and 
20-32%. (mean 25%) of CS-treated marrow cells. The CS- 
mediated 2-3-fold amplification of viral production, therefore, 
is perhaps due to increased viral replication in a fixed population 
(20-25%) of marrow cells that contain latent FeLV infection. 

Both lymphocytes and macrophages are critical to the early 
restriction of reactivated FeLV infection. However, ultimately 
T cells of marrow origin which migrate to the thymus are 
. The relationships between the target cells for 







latent infection (myelomonocytic and T, cells), acute infection 
(B cells and myelomonocytic cells)” and transformation (T 
cells)"° are as ke E 

Our findings sugg 
persistent viral infe 





determined. 


at most cats infected by FeLV develop 
of marrow cells. A minority of cats 








: able 2 Cytotoxic immune responses of FeLV regressor cats with reactivated infections 


Microcytotoxicity (MCT) target i 
Marrow | . Peritoneal macropha 
No. of cats % Killing | No, of cats - % Killi 
- positive Mean (Range) positive Mean 


6/6 89 - (52-99) 2/5 46 
AL) 4/6 99 (84-99) 3/5 60. 
ssor serum = 5/6 91 (65-99) 0/5 220-0 o Ps 

ference serum 5/6 2 (41-99) 0/5 «00.8 
pre-exposure serum 0/3 <20 E = 0/3 <20 
Tëgressor serum = 4/6 88 — (47-99) oe ND = ND 
‘AH-referenceserum 1/3 38 a (38) — ND: OND? > 
<u AH-pre-exposure serum... OfF ce. =, RO OO a we ESE Es Fg ee 

fae | O70.  *e ag Oa oes Sn ye OfSn 25 4 0 








Media control 















_ 500 marrow cells or peritoneal macrophages from regressor cats were seeded in triplicate in 96-well c uster dishes and cultured as des 
-in Table 1 to permit in vitro FeLV reactivation, On day 6, nonadherent cells were aspirated and the adherent cells washed twice with fres 
before the addition of autochthonous cells, serum or reference serum, Serum were diluted 1:4 in media and added in 0.05-ml aliqui 
_antibody-dependent cell-mediated cytotoxicity (ADCC), washed adherent cells were incubated with heat-inactivated (AH, 56°C. 30 
- autochthonous serum for 30 min at 37 °C, washed twice and incubated with plastic nonadherent PBML at an effector : target (E:T) ratio of 
For cytotoxic T lymphocytes (CTL), autochthonous plastic nonadherent BML only were added at an E:T ratio of 50: 1, For complement-mediatec 
sis (CML), fresh or fresh-frozen autochthonous serum (regressor or pre-exposure serum) was added. Alternatively, AH reference goat anti-Fel 
nand 0.05 ml of fresh Fel. V-naive cat complement”? diluted 1:4 in media were added. To-evaluate the complement-independent, cytos' 



















tial of regressor serum alone, AH regressor, reference, or pre-exposure serum was added. Cytotoxicity media was RPMI 1640-202 o feta 
érum. Plates were incubated for 20h at 37°C to allow lysis by cat complement** and nonadherent cells were removed by washing. Plate: 
“were stained with Wright Giemsa and examined for morphological evidence of target cell necrosis. % Killing is the arithmetic mean of triplicate | 
-wells for each of the no. of cats positive for MCT: (>30% killing of variable versus media control was significant at P<0.05 by Student’s paired... 
t-test); and | i ee 
% Killing = 100 — No. of viable adherent cells in variable well 


No. of viable adherent celis in media control well 


Table 3 Effect of adrenal corticosteroids on latent FeLV infections in vivo 


No. of cats positive | 
for GSA in: a Marrow VI . | = FOCMA-L 











oS < Days pòst . | No. | Titre Antibody > oo 
treatment Marrow Blood . positive Mean (Range) Mean (Range) oe 


0 0/5 0/5 0/5 ws 5 : 71 (32-256) 
7-14 1/5 1/5 4/4 2 22 (15-30) 9 “(<2-32) © 
28 2/5 2/5 r 80 (25-35) 4 (<2-8) 

63-135 2/5 2/5. 2/5. o 732 (200-1175) 32 = (16-64) 


Five adult regressors were treated with 10 mg per kg methylprednisolone acetate (Depo-Medrol, Upjohn). at days 0, 4, 7,11, 14, 18, 21. Bae 
Mononuclear and polymorphonuclear cells in blood and marrow smears were examined for FeV GSA by fixed cell immunofluorescence’*. APS 
minimum of 10° freshly isolated marrow cells were disrupted by two freeze-thaw. cycles and assayed for VI'*, Vlis expressed as mean FFU per. 


10° cells. Antibody to FOCMA was determined by indirect membrane immunofluorescence using FL-74 target cells” Í and is expressed as geometric. : 


‘mean titre. ; 








Table 4 Effect of adrenal corticosteroids on reactivation of latent FeLV infections in vitro 





l a Ghee l l %- GSA- e a 
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Marrow Ao e Absent ‘te y a E 0 ey 
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` » Absent 0/10 <5 | 0 
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Present “1/10 10 
Absent 0/5 <5 
. Absent — 0/5 <5 | 0 
esent 3/5 517 (50-950) ND. 


etitoneal macrophages 
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_ Cells were obtained from adult regressors and cultured as described for Table 1. 10% M CS (hydrocorticosone hemisuccinate, Solucrotef, Ab 
was included as indicated. VI is expressed as FFU per 10° cells (freeze-thaw lysate); % GSA-positive cells is expressed as arithmetic mean. 





experience high . 
haemolymphatic progenitor cells, lymphoid tissues and epi- 
thelia?, with consequent virus excretion®’, immunosup- 
pression??? and subsequent Fel V-related proliferative or anti- 
proliferative | disease‘. Most FeLV-exposed cats 
(>70%), however, develop transient productive infection of 
haemolymphatic cells which is curtailed by host immune 
responses”’’. Nevertheless, FeLV persists as an integrated latent 
infection in marrow myelomonocytic precursor cells and (cer- 
tain nodal) T lymphocytes and can be reactivated by liberation 
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The use of semisolid medium for the culture and cloning of 
haematopoietic cells’? has helped our understanding of their 
proliferation and differentiation. It has been shown that mixed 
colonies of granulocytes and macrophages developed, in the 
presence of colony-stimulating factor (CSF)**, from their com- 
mon precursor, granulocyte-macrophage colony-forming cells 
(GM-CFC)*. Attempts at recloning these colonies in semisolid 
medium suggested that granulocytes and macrophages were 
differentiated cells incapable of further proliferation”’. 
However, our studies on cultures of larger numbers of cells® 
demonstrate that while this may be the case for granulocytes, 
macrophages seem to be capable of long-term proliferation. 

The bone marrow for culture of GM-CFC was obtained from 
ICR SPF mice (Velaz). We used the technique of Metcalf” to 
establish the primary culture; MEM medium"? was supple- 
mented with 0.2% Bactotryptose (Difco)'’, 20% heat-inacti- 
vated pooled human serum (HS) or native fetal calf serum 
(FCS) (VSV), 10% lung conditioned medium (LCM)'*, and 
0.34%. Bacto-Agar (Difco). For the culture we used Muller 
flasks (Cavalier). The primary culture was established from 
5x 10° nuclear bone marrow cells in 5 ml of medium. After 7 
days at 37 °C in an ambient atmosphere plus 5% CO,, the cells 
were counted and then transferred to fresh agar medium at a 
minimum concentration of 5 x 10* per 5 ml. Further passages 
were done in the same conditions approximately every 15 days. 
The cells in semisolid agar medium were stained with acetoor- 
ceine. 
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Fig. 1 A colony of macrophages from normal mouse bone mar- 
row grown in semisolid medium, 15-day culture after the 22nd 
passage (330 days in vitro), Native preparation. x63. 


Cells of the 20th passage were transferred to liquid medium 
for examination and 1 ml aliquots were put into Leighton test 
tubes with a cover glass. After 3 weeks of culture, colonies of 
adhering cells suitable for processing were formed on the cover 
glass. 

Pinocytosis was studied by means of dextran sulphate. 
(molecular weight (MW) 5 x 10°; Pharmacia); phagocytosis by 
means of latex particles (Imuna) and a suspension of autoclaved 
yeast. The receptors for IgG, complement, and IgM were deter- 
mined by mouse antibodies to sheep erythrocytes. Lysozyme 
was demonstrated by anti-lysozymal serum using immuno- 
fluorescent techniques. The tests were performed according tc 
Goud et al.” and the peroxidase reaction was carriec 
out according to Graham and Karnovsky. For the determinatior 
of nonspecific esterase a- naphthyl acetate was used which coulc 
be blocked by E-600 (3x 107° M). For the determination o 
chloroacetyl esterase, naphthol-ASD-chloroacetate and acic 
phosphatase naphthol-ASBI-phosphate were used. The couple! 
was hexazonium-p-rosaniline throughout. The procedures are 
described by Lojda et al.. 

Ten macrophage cell lines have been obtained so far, the 
first of which is now in the 22nd passage (330 days in vitro) ir 
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Fig.2 a, A cluster of macrophages (starting colony) from a 7-day 
culture after the 15th passage in semisolid medium. The cluster 
consists of cells of various sizes, Small cells (10-14 um in diameter) 
predominate in the culture. It is these cells which proliferate most 
readily are believed to maintain the continuous growth of the 
culture, Native preparation, x 30. b, Small and large macrophages; 
15-day culture after the 15th passage in semisolid medium. Fixed 
and stained with acetoorceine. x 630. 


medium with HS; the other three are in the 19th, 16th and 
15th passage, and six lines are between the Sth and 10th 
passage. All of the latter nine lines were grown in FCS- 
containing medium. The number of seeded cells increased 
fivefold in ~15 days after every passage. The macrophages 
grew in colonies (>40 cells) (Fig. 1), and clusters (3-40 cells), 
with cells varying in size from approximately 10 um to 30 wm 
(Fig. 2). Larger colonies normally consist of smaller cells and 
large macrophages are frequently found singly or in clusters. 
When stained in agar medium, both large and small cells 
“show excentrically located nuclei with relatively rich cytoplasm 
(Fig. 2b). 
= Pinocytosis was found in 97.2% of cells, 95.8% of cells 
phagocytosed latex particles, and 93.6% phagocytosed yeast 
(Fig. 3). Receptors for IgG and complement were present in 





Fig.3 Macrophage phagocytic activity after 20th passage. When 
- transferred to liquid medium, phagocytes formed colonies of 
adhering cells on the surface of the cover glass. Oval forms within 
the cells are yeasts. Fixed with methanol. Phase contrast; x360. 
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_ has been suggested by previous studies using indirect tech- 


89.3% and 86.1%, respectively but IgM-receptors could not - 
be demonstrated. The immunofluorescent test for lysozyme was 
positive. = 

Peroxidase was negative in all cells. Nonspecific esterase was 
found in all cells, its activity being almost completely blocked 
by E600, and persisted only sporadically. Similarly, chloreacetyl . 
esterase and acid phosphatase were positive in all cells. The- 
activity of the hydrolases tested was high in most of the cells, . 

The assumption that the passaged cells are macrophages is | 
supported by the demonstration of receptors for IgG and com-. 
plement, and the absence of receptors for IgM'*, and by the 
cytochemical examination, despite remarkably — high 
chloroacetyl esterase activity. we a 

Macrophages can be preserved in liquid medium for many“ 
weeks'”'®, but are believed to be incapable of passaging'°. = 
However, the use of semisolid media, which minimizes: the n 
number of cells adhering to the culture surface, allows long-term... 
growth of macrophage populations from the original mixed 
granulocyte-macrophage colonies. The medium for long-term 
culture and passaging of macrophages must be supplemented 
with a suitable serum and LCM. The establishment of long-term = 
cultures and passaging of macrophages from normal mouse. > 
bone marrow in vitro will be a useful tool for the further 
characterization of these very important cells. 
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The biosynthesis of many of the complement proteins by cells 
of the monocyte-macrophage series has been established’. 
Studies on these cells using radiolabelled amino acids have 
demonstrated synthesis of precursor proteins (pro-comple- 
ment)’*, and the native complement protein similar in size to 
that found in the plasma. However, synthesis of membrane 
complement proteins has not been demonstrated, although it 


niques*"°, In particular, there is evidence for the membrane- 
associated factor B in human lymphocytes'’*. We report here 
that resident and thioglycollate-stimulated mouse peritoneal 
macrophages synthesized, in short-term primary cultures mem- 
brane factor B of molecular weight (MW) 95,000 and secreted | 
factor B (MW 90,000) as single chain polypeptides. We also 
found a large single chain polypeptide with an approximate. . 
molecular weight of 195,000, which may be the putative factor 
B precursor. | | 
Resident and thioglycollate-stimulated mouse (C57BL/6J) 
peritoneal macrophages were cultured at 37°C for 18-48 h in l 
Dulbecco's modified Eagle’s medium (DMEM) in serum-free _ 
conditions in the presence of 60 mM 6-e-amino caproic acid ~ 
and radiolabelled with 35 S-methionine (150 pCi ml’ of 
medium). At the end of the culture, the supernatants of th 
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Fig. 1 SDS (1%)-polyacrylamide (9%) 
“gel electrophoresis (Laemmli)? of 
reduced and alkylated **S-methionine 
labelled intracellular factor B antigen 
from resident and thioglycollate-stimu- 
fated mouse peritoneal macrophages 
(mouse strain C57BL/6J). Resident and 
- thioglycollate-stimulated cells were col- 
-` lected and cultured as described pre- 
_ viously*. Resident cells were plated at 
13% 10° and thioglycollate-stimulated 
cells at 10x 10° cells on to 60x15 mm 
dishes in Dulbecco’s modified Eagle’s 
medium, 20% FCS (heated at 56 °C for 
2h). The cells were incubated in a 
humidified atmosphere of 95% air: 5% 
CO, at 37°C for 45 min to allow adher- 
ence and then non-adherent cells were 
rinsed off by several washes with Hank’s 
balanced salt solution (HBSS). The 
adherent cells were cultured for 18 h in 
DMEM lacking cold methionine 
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weight markers are shown in j. 
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radiolabelled medium and of the cell lysates were 
immunoprecipitated with goat IgG antibody to human factor 
B, which is cross-reactive with mouse serum factor B. The 
antibody was shown by immunoelectrophoresis to be specific 
for factor B antigen of human and murine serum. Factor B 
antigen immunoprecipitated from mouse serum with the same 
antibody migrated as a single chain polypeptide of 90,000 MW 
(Fig. 1a) on SDS (1%) polyacrylamide gel (9%) electrophoresis 
(SDS-PAGE) of the immunoprecipitate. A similar SDS-PAGE 
of the immunoprecipitate obtained from *S-methionine 
< Jabelled cell lysates of resident and thioglycollate-stimulated 
cells, detected several intracellular polypeptide chains and 
intermediate fragments: a large 195,000-MW polypeptide 
chain, a 95,000-MW chain, and several smaller MW polypep- 
tide chains (88,000-64,000 and smaller) (Fig. 14 and i). The 
SDS-PAGE of the immunoprecipitate obtained from the 
extracellular culture yielded a single chain polypeptide of 
90,000 MW (Fig. 1d and e) similar in size to that of mouse 
serum factor B, => 







-200 Myosin 
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(incomplete DMEM) and containing 60 mM 6-e-amino caproic acid (EACA) and *°S-methionine (150 «Ci ml’) specific activity >30 Ci mmol”; NEN). At the 
` end of the culture, the medium was collected and the adherent cells were lysed with cold lysate buffer consisting of Tris-HCI (50 mM), KCI (100 mM), Triton X-100 
{0.5%}, deoxycholate (0.5%), EDTA (10 mM), EACA (100 mM), and phenylmethylsulphony! fluoride (PMSF; 2mM). Radiolabelled culture material was 
centrifuged at 10,000 r.p.m. in a microfuge at 4 °C for 45 min. To the extracellular culture medium was added EDTA (10 mM), PMSF (2 mM}, and EACA (100 mM) 
final concentration and the extracellular culture medium was centrifuged at 150g for 10 min. The radiolabelled supernatants were immunoprecipitated with 
cross-reactive goat IgG antibody to human factor B (Atlantic Antibodies), added at two-fold antibody excess to yield 30 pg of immunoprecipitate, in the presence 
of ovalbumin with normal mouse serum as cold carrier”. The control was mouse antiserum to ovalbumin reacted with ovalbumin in the presence of goat IgG; the 
antibody to ovalbumin was absorbed with mouse serum before use. After incubation for 3 h at room temperature, the immunoprecipitates were washed extensively. 
The precipitates were solubilized by boiling for 4 min in 80 pl of sample buffer pH 8.1 consisting of: SDS (1%), Tris-HCI (10 mM), Na,-EDTA (1 mM) and 
B-mercaptoethanol (4%). After boiling, the sample was incubated with 120 mM iodacetamide for 1h at 37°C and centrifuged at 10,000 r.p.m. for 2 min. The 
fluorograph following SDS-PAGE was developed by standard techniques” after fixing the slab gel in 7% glacial acetic acid with 50% methanol, followed by Ih 
in Enhance (NEN) and 1 h in distilled water. The gel was dried under vacuum and exposed to a Kodak X-Omat-RP film at ~70°C for 7-10 days, depending on 
the radioactivity of the immunoprecipitates. Lane a shows mouse factor B antigen precipitated from cold carrier mouse serum stained with Coomassie blue, 
migrating as a protein of MW 90,000. The goat antibody is also detected: H, heav 
of immunoprecipitated **S-methionine-labelled protein. Lane h shows newly syn 
antigen from lysates of cultures of resident mouse peritoneal macrophages. Note the presence of the 195,000-MW and 95,000-MW bands compared with the 
control immunoprecipitate {f}. Lane i shows these bands but is from intracellular factor B antigen from thioglycollate-stimulated mouse macrophages, which is 
not found in the control immunoprecipitate from stimulated cells (g), In d (resident cells) and e (thioglycollate-stimulated cells), reduced and alkylated extracellular 
factor B antigen is shown as a protein band of 90,000 MW, not detected in the controls (6, resident cells; c, thioglycollate-stimulated cells). '*C-labelled molecular 


y chain; L, light chain. Lanes 6 to i represent the fluorograph of the SDS-PAGE 
thesized °°S-methionine-labelled reduced and alkylated intracellular factor B 


Fig. 2 For these experiments thioglycollate-stimulated and control cells 
cultured for 18 h in serum-free DMEM containing 60 mM e-aminocaproic 
acid (EACA) and 150 pCi ml”! *°S-methionine. The cells were rinsed and 
incubated with trypsin (tosylphenylethylchloromethylketone, TPCK) added 
at 10 ug mi”! of HBBS at 37°C for 45 min. At the end of the incubation, 
the cells were rinsed and lysed with cold lysate buffer with added protease 
inhibitors (EDTA, EACA and PMSF). A similar lysate was prepared 
without protease inhibitors and then incubated at 37°C for 45 min with 
10 pg ml”? of trypsin. At the end of the incubation a twofold excess of 
soybean trypsin inhibitior (SBTI) was added. Immunoprecipitation and 
SDS-PAGE was then performed. Lane b shows the factor B precipitate of 
the °5S-labelled thioglycollate-stimulated macrophages trypsinized off the 
cell surface. Note the disappearance of the 95,000-MW protein band and 
the presence of the 195,000-MW polypeptide chain. In lane a is the 
non-trypsinized control. Lane c is the control immunoprecipitation with 
anti-ovalbumin of a culture following trypsinization showing absence of the 
corresponding bands. Lane d shows precipitate of the lysate not treated 
with protease inhibitors. Note the disappearance of the 195,000-MW and 
the 95,000-MW polypeptides and the generation of several small peptide 
fragments. '*C-labelled molecular weight standards are shown on the right. 


35§_methionine labelled thioglycollate-stimulated cells were 
incubated with trypsin (10 pg ml’) at 37°C for 45 min, to 
remove membrane proteins, then rinsed and lysed. SDS-PAGE 
of the factor B immunoprecipitates of these cell lysates did not 


show the band representing the 95,000 MW polypeptide chain, 


suggesting its association with the membrane (Fig. 2b); control 
cells not incubated with trypsin retained their bands (Fig. 2a). 

The intracellular 195,000-MW polypeptide was unaffectec 
by trypsinization of the cell surface. Evidence for its intracellular 
location was obtained by experiments in which intracellulai 
lysates were trypsinized; in these conditions the 195,000-MW 
protein and the 95,000-MW polypeptide were digested (Fig 
2d). To establish whether the 95,000-MW polypeptide chair 
was a membrane component, macrophage plasma membrane 
proteins were labelled by lactoperoxidase-catalysed radioiodi. 
nation. The immunoprecipitate showed the presence of the 
95,000-MW polypeptide (Fig. 3b) identical in size to the newly 
synthesized 95,000-MW polypeptide chain obtained from °S. 
methionine labelled cells (Fig. 3a). Macrophages cultured tr 
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the presence of cycloheximide showed almost total abrogation 





of the expression of the 95,000-MW polypeptide chain (Fig. 
3c) followed by its reappearance in cells radioiodinated after 


a 36 h culture in fresh medium following the removal of cyclo- 
heximide (Fig. 3e); these experiments therefore established de 
bsorption onto the cell membrane. 





novo synthesis of this molecule and ruled out the possibility of 


urther exclude absorption of membrane factor B studies 
re done using radiolabelled non-adherent peritoneal cells 


which did not show the presence of the 95,000-MW polypeptide 
chain (Fig. 3f). As a fourfold excess of radiolabelled non- 





adherent cells compared to the radioiodinated adherent cell 





These findings establish the 95,000-MW polypeptide cha 
detected in cell lysates of mouse macrophages as membra 
factor B of molecular weight 95,000, synthesized in short-ter 
primary culture. Secreted factor B of molecular weight 90,00 
was also demonstrated. A larger 195,000-MW polypeptide 
pro-factor B, has been identified. In studies’? using pulse-cha 
and conversion experiments, the 195,000-MW molecule was 
shown to be precursor, giving rise to membrane and nati 
factor B. Smaller fragments were also demonstrable and pro 
ably result from degradation by proteolytic digestion, as was 
evident in previous studies”. This was probably not due to the 
specificity of the antibody which was described earlier and is 
population was examined, differential absorption of protein further supported by the presence of only a single band on 
could not account for the different absorption patterns. Finally, analysis of immunoprecipitated extracellular material as well 
it must be noted that on parallel SDS-PAGE analysis of as of mouse serum. Another explanation, though less likely, is 
intracellular, extracellular, and membrane labelled material, the presence of incompletely synthesized chains. The biosyn- 
the extracellular (secreted) factor B has a different molecular thesis of native factor B by mouse macrophages and by human 
size (MW 90,000) compared to the membrane and the cell monocytes and the function of plasma factor B have been 
lysate factor B (MW 95,000), which indicates that there are established previously'*~*, The functionl activities of the:three 
two distinct molecules one of which is a membrane component. proteins reported here have yet to be determined. It may be 
that the macrophage assembles such complement proteins as a 
ee ee, ©. Fe E MWx 16° defence mechanism, either as a recognition or as an effector unit. 
we : 00 We thank Mrs V Henry for her help. This work was presented 
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A bifunctional gene product involved cae 
E- NE r ee 
in two phases of the yeast cell cycle ce 
J. R. Piggott, R. Rai & B. L. A. Carter 
containing (mM): glucose 20, EDTA 10, PMSF 2, EACA 100 and Nal 75; | Department of Genet 
and finally with complete DMEM, 20% heated FCS containing EDTA, Dublin 2. Treland B 
PMSF, EACA and Nal as above. The cells were lysed with cold lysate p z Shed A 
buffer then centrifuged at 10,000 r.p.m. for 35 min: the supernatants were an ree ee, ee 
immunoprecipitated for factor B antigen. Parallel control precipitation was = 
with control antiserum to ovalbumin. The immunoprecipitate was reduced 
and alkylated and subjected to SDS-PAGE: the autoradiograph is shown. 
__ Lane a shows °°S$-methionine-labelled factor B antigen from a 48 h culture 
of thioglycollate-stimulated mouse peritoneal macrophages for comparison a 
with radioiodinated membrane factor B antigen. Note the smaller MW 
protein bands. Lanes b-e and g, h show lysates of peritoneal macrophages Á 
and f shows lysates from non-adherent peritoneal cells. Note (1) the pres- 
ence of the 95,000-MW protein band in b, representing factor B antigen; 
~ (2) the almost total abrogation of the 95,000-MW band in ¢cycloheximide- 





























ics, University of Dublin, Trinity College, 
treated ***I-labelled thioglycollate-stimulated macrophages (c); (3) the 

absence of the corresponding band from the control precipitate (d); (4) the 
presence of the corresponding 95,000-MW protein band in the stimulated 
cells after 36h of culture in fresh medium following a 4 h exposure to 
cycloheximide (e); (5) the absence of this band from non-adherent stimu- 





The cell-cycle in Saccharomyces cerevisiae is divided into two 
lated cells from 48 h cultures (f); (6) the presence of 95,000-MW protein 


band in radioiodinated resident cells {g}; and (7) the absence of the corres- 
ponding band in the control precipitate from macrophages (h). '*C-labelled 
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distinct phases. Unbudded, mononucleate cells in the G1 phase 
molecular weight markers are shown on the right. 


can react to relevant environmental changes by mating’, sporu- 
lating’, or by entering stationary phase’, DNA synthesis and 
bud initiation occur almost simultaneously and mark ‘commit- 





ment? to the completion of mitosis. Temperature-sensitive 
mutations at the cdcZ8 locus are known to cause arrest in the 
G1 phase of the cell cycle at the restrictive temperature**. Here 
we show that the cdceZ8 gene product is also active in post-G1 
cell cycle functions, and that a different property of the gene 
product may be required for each 
it acts. 


The S. cerevisiae strain RJB-1 was obtained during a seare 


phase of the cycle in which 
for nonsense mutations in the strain FM11 (ref. 6). At 37° 
RJB-1 arrested with the budded, mononucleate morpholo 
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Fig. 1 a, The unbudded morphology characteristic of G arrest 

seen in cde28-6 cells after 3.5 h at 37°C, stained with calcofluor 

and photographed under UV light. b, The mononucleate, budded 

morphology of RJB-1 (¢dc28-1N) cells after 3.5h at 37°C. The 

nuclei are stained with diamidinopheny! indole? and the cell 
outlines revealed by calcofluor under UV light. 


illustrated in Fig. 1. When crossed with a wild-type strain, 
RJB-1 yielded a temperature-insensitive diploid, and 42 tetrads 
from this diploid showed four-spore survival and 2:2 segrega- 
tion for temperature sensitivity. The homogeneity of its arrest 
phenotype suggested that RJB-1 carried a cell cycle mutation’, 
and it was shown to complement the cde mutants 1 to 40, 
except for cde28-1 and cdc28-6. Dissection of 32 tetrads from 
the RJB-1xcdc28-1 cross, and 59 tetrads from the RJB-1 x 
-... ede28-6. cross, yielded no wild-type spores. We therefore con- 

eluded that RJB-1-carried a new mutation at the cdc28 locus. 
As the phenotype of the new mutant suggested a lesion in 
nuclear division, we provisionally named the new cdcZ8 allele, 
cdcZ8-IN. 

When yeast cells of a mating type are treated with a-factor, 
a hormone-like small polypeptide produced by cells of @ mating 
type, they undergo reversible G, arrest’. The cells are sensitive 
to a-factor until ~15 min before the appearance of a visible 
bud®. Figure 2 shows the pattern of DNA synthesis in cells 
carrying the cdc28-6 and cdc28-1N mutations at 37°C after 
release from a-factor-induced arrest at 24°C, The cdc28-6 
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Table 1 The behaviour of recently budded cdc28-6 cells at 37°C 
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Time 
after Budded, Budded,; Budded, 
shift to Unbudded, lnucleus 1 nucieus nucleus Budded, 
37°C I nucleus in mother in bud dividing binucleate 
(min) (%) | (%) - (%) (%) (%) 
Q 4 4% ~ -= 4 
70 3A 48 2 4 13 
LIO 34 l 49 5 = 12 
5 ~ 14 


< . 430 a2 49 
JAn exponentially growing culture of cdc28-6 in YEPD (1.5 10° cells mI”! 
402% glucose, 2% Bacto-peptone.and 1% yeast extract solution) was arrested 
_in-G, by exposure to a-factor (10 U ml!) at 24°C for 3h. The o-factor was 
removed by Millipore filtration of the cells, which were then washed with two 
slumes of fresh medium. The cells were resuspended in fresh YEPD and allowed 

` to recover at 24°C until $0% had initiated a bud, when a 25-ml sample was 


. time). Samples taken at the time indicated were stained with diamidinophenyl 
>: indole?” to reveal nuclear morphology. The increase in per cent binucleate cells 
was dueto cells which had already. passed both cell cycle blocks at the time of 
the shift. At least 150 cells wete scored for cach sample. 


~ cells showed no significant DNA synthesis, remaining unbud- 


shifted to. 37°C. The. control cells divided at 24°C, 100 minutes after T, (zero 





ded, while the cde28-IN cells exhibited appreciable DNA 


synthesis. Microscopie examination revealed 100% bud initi- 


ation in the cdc28-IN culture, although there was no increase 
in cell number. In the reciprocal shift, that is, arrest at 37°C 
followed by transfer to 24°C in the presence of a-factor, 
cdc28-6 cells remained arrested in G,, as described by Hereford 
and Hartwell’, while cdc28-I1N cells divided once at 24°C 
before undergoing a-factor arrest. Thus, the cdc28-1N muta- 
tion acts at a point in the cell cycle which is unambiguously 
later than the a-factor or ‘start’ step, while the cdc28-1 and 
cdc28-6 execution points cannot be separated from ‘start’ by 
the reciprocal shift technique’. 

The cdc28-6 x cdc28-1N and cdc28-1 * cde28-1N diploids 
arrested at 37 °C with the budded morphology typical of cdc28- 
IN. As cdc28-1N is recessive, this suggested the presence of 
a nuclear division defect in the Gr arrest alleles. To test this 
possibility, a-factor-arrested cdc28-6 cells were allowed to 
recover from G, arrest at 24 °C, and at 20-min intervals, samples 
from the recovering culture were shifted to 37 °C, It was found 
that the cells were unable to divide at 37°C until 35 min after 
bud initiation (that is, ‘start’). The cdc28-IN mutant shows 
similar behaviour (data not shown). The results presented in 
Table 1 confirm that cdc28-6 cells which have recently budded, 
and therefore passed the ‘start’ event, cannot complete cell 
division at the restrictive temperature. Thus cdc28-6 harbours 
a lesion in the nuclear division process which has been masked 
previously by itstemporal proximity to the ‘start’ lesion also 
present in this.strain. i 

Evidently, mutation at the cdc28 locus may confer a defect 
in nuclear division alone, or in both ‘start’ and nuclear division 
functions. So far, cdce28-1N is the only allele at this locus 
known to affect nuclear division exclusively. In contrast, a range 
of cdc28 G, arrest mutants is already available. Whether or 
not all such mutants show the double cell cycle lesion reported 
here for cde28-6 is unknown. If ‘start only’ mutants of cdc2& 
do exist, we might expect them to complement cdc28-1N, and 
test crosses with this allele should provide a useful preliminary 
screening procedure. An investigation of the mitotic behaviour 
of other G; arrest mutants (for example, cdc37)’ is also required 
in view of these results. 

The earliest cell cycle event known to be blocked by the 
cdc28 mutation is spindle pole body duplication, which nor- 
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Fig.2 DNA synthesis patterns following a shift from the a-factor block to 
37°C in RJB-1 (cde28-1N) and STIO (cde28-6) celis. A log-phase culture 
(2 x 10° cells mi!) was arrested in Gy by expasure for 3-h to g-factor (final 
concentration 10 U ml"'). The a-factor was removed by Millipore filtration 
and washing with 100 mi of fresh nutrient medium. Cells were resuspended 
in fresh medium containing 1 wCi[2-C' uracil mi + and incubated at 24 °C 
or 37°C. Samples were removed at intervals and the radioactivity incorpor- 
ated into DNA was determined’*, Results are expressed as c.p.m. relative 
to initial values in each experiment. @, RIB-1 at 24°C; O, RJB-1 at 37°C: 
E, STIG at 24°C; 0 ST10 at 37°C. 








- mally precedes both initiation of DNA synthesis and budding’. 
As recently budded cells have already duplicated their spindle 
pole bodies, our results indicate that cdc28 cannot be concerned 
exclusively with such duplication. Failure to complete this pro- 
cess does not suppress other ‘start’ activities in the cell cycle 
„mutant cdc31 (ref. 11), thus it is possible that such failure is a 
‘symptom of G; arrest, but not its primary cause. As bud forma- 









tion can occur in the absence of DNA synthesis in cdc7 (ref. 
12), and DNA synthesis can occur in the absence of bud 
; formation” , it is likely that all three markers of the start event 
are normally subject to coordinate control by a process or 
structure which involves the cde28 gene product. 
-. When recovering from a-factor arrest at 24 °C, cdce28-6 and 
cdc28-1N cells showed nuclear migration into the bud before 
nuclear division, and this migration was inhibited at 37°C 
(Table 1). As mid- and late-nuclear division require extensive 
nuclear mobility, and these events are apparently unaffected 
by cdc28 mutations, it is unlikely that the early nuclear paralysis 
seen in both cdc28-6 and cdc28-1N is due to a defect in 
microtubule formation. Nuclear division, however, requires that 
nuclear movements be spatially coordinated within the 
~“nother/bud junction of the dividing cell. Such coordination 
requires the presence of nuclear/cytoplasmic connections, and 
the mitotic spindle in yeast is known to connect with the 
cytoplasm via mictrotubules’*. Inability to form such 
nuclear/cytoplasmic connections at 37°C could well account 
for our results, and for the reported association of a kar 
phenotype (failure of nuclear fusion at zygote formation) with 
some cdc28 mutants’? 

Nuclear division is prevented by the cdc28-IN mutation at 
the restrictive temperature, but start functions seem unaffected. 
This suggests that a different property of cdc28 is required for 
each process in which it participates. The bifunctional nature 
of the cdc28 protein may reflect functional segregation of the 

 cd¢28 gene similar to that found at the his4e locus, where a 

-single polypeptide has three enzymatic functions which can be 
independently eliminated by mutation’®. On the other hand, 
the particular lesion present in cdc28-1N may be critical for 
nuclear division, but not start processes, at the restrictive tem- 
perature because of a different molecular environment for the 
gene product at both cell cycle stages. Extensive genetic and 
physical analysis will be required to elucidate this. 

Whatever the physical basis of the bifunctionality of cdc28, it 
is interesting that the cdc2 gene in Schizosaccharomyces pombe 
has a regulatory effect at start’’ and acts at two points in the 
cell cycle equivalent to those described here for cdc28 in S. 
cerevisiae. Although no mutation has so far been reported in 

_S. pombe which blocks one function in the cell cycle exclusively, 
it is possible that the edc28 gene of S. cerevisiae and the cdc2 

¿gene of S. pombe have equivalent roles, and that in both 
organisms a functional component of the nuclear division pro- 
cess has a role in regulation commitment to cell division. 
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One of the principal photochemical reactions of DNA on 
exposure to UV is the formation of intrastrand cyclobutane- 
type pyrimidine dimers”. The efficiency of this reaction 
depends on both the wavelength of the UV’ and the specific . 
nucleotide sequence in the DNA®*. The formation of the — 
pyrimidine dimer and its repair in living cells have been studied | 
extensively“. We have examined the possibility that pyrimidines — 
at the ends of DNA strands may be adequately juxtaposed for 
dimer formation by the presence of a complementary strand, 
even when no phosphodiester linkage joins their sugars. Im 
these conditions the formation of a dimer will ‘ligate’ two DNA 
strands end-to-end. We report here that thymidine oligonucleo- 
tides annealed to polydeoxyadenylate can be ligated end-to-end 
by UV irradiation, via thymine dimerization of the terminal 
nucleotides in adjacent oligonucleotides. The linkages are sus- 
ceptible to direct photoreversal by 254 nm UV, as expected for 
cyclobutane-type thymine dimers, but they are not cleaved by 
the bacteriophage T4 endonuclease V, a dimer-specific DNA 
repair enzyme. We demonstrate that the ligating dimers are 
also resistant to photolyase from Escherichia coli. Although 
the phosphodiester backbone is not required for dimer forma- 
tion, it is required for recognition of dimers by these DNA |. 
repair enzymes. We discuss the possibility that high molecular — 
weight polynucleotides in primordial seas might have been 
generated from oligonucleotides by pyrimidine dimerization — 
under the intense solar UV flux unattenuated by an ozone Idyer. 

Within a continuous DNA strand, pyrimidine dimer forma- 
tion proceeds as follows. An absorbed photon excites a. 
pyrimidine base from its singlet bonding ground state to a singlet. 
antibonding excited state. The new electronic configuration of 
the base reduces its van der Waals’ radius, allowing an adjacent 
pyrimidine to move closer than the usual 3.4 A spacing and to 
share the excitation energy”. This ‘excimer’ state can then 
undergo inter-system crossing into the more stable triplet state 
from which a pyrimidine-pyrimidine cyclobutane dimer may 
arise. 

Our model system consisted of oligodeoxythymidylate 10 
residues long [d(pT),o] mixed with an equal weight of poly- 
deoxyadenylate [poly(dA)] in solution. The resulting duplex" 
melts near 25°C (ref. 9). After labelling a small fraction of the 
5’ ends with *’P we irradiated the DNA with UV of wavelengths 
> 290 nm, which we hereafter call long-wavelength UV. Elec- 
trophoretic analysis on denaturing polyacrylamide gels revealed 
the production of high molecular weight oligomers correspond- 
ing to integral multiples of the dí(pTho (Fig. 1). The presence 
of dimers, trimers and tetramers was apparent after 30 min of 
irradiation. This ‘ligation’ of oligonucleotides was caused pre- 
sumably by the formation of dimers between the first and last 
thymines of oligonucleotides adjacent on the complementary 
poly(dA). Similar irradiation of single-strand d(pT),.o produced 
no effect detectable by gel electrophoresis (data not shown). 
We concluded that hybridization to the poly(dA) is required 
to maintain the oligonucleotides in a photoligatable conagur 
ation. 

To quantify the amount of material in each electrophoresis | 
band, we excised the bands from the dried gel and assayed — 
them for P. This allowed us to measure the kinetics of the — 
photoligation process (Fig. 2). To compare the photoligation _ 
process with the formation of thymine dimers at internal posi- | 
tions, we irradiated poly(dT)-poly(dA) in identical conditions 
and quantified the resulting thymine dimers by TLC’. During 
the initial phase (0-30 min) of irradiation, the production 
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_ the expected loss of material from a 10-base band in the gels. 
The initial rate for internal dimer production in 
poly(dT) : poly(dA) was similar to or slightly less than the initial 
rate for the production of ligating thymine dimers in our sub- 
strate (Fig. 2). 
During the next phase of the process (30-60 min of irradi- 
=: ation) the yield of material in each band reached a plateau. In 
contrast, the content of internal dimers in poly(dT): poly(dA) 
continued to rise rapidly during this period. On continued 
irradiation (60-240 min) we observed no significant change in 
the relative quantity of material in the respective bands. 
. Why does formation of ligating dimers cease while internal 
- dimer formation continues? One possible explanation involves 
denaturation of oligonucleotides by internal dimers. After 30 
_ min irradiation each oligonucleotide contained an average of 
One internal dimer, assuming that the rate of internal dimer 
= formation in d(pT);o is similar to that in poly(dT). A dimer in 
oligo d(pT),9: poly(dA) reduces the melting temperature below 
“that of d(pT)¢poly(dA)'’. As the melting temperature of 
-4 d(pT).: poly(dA) is less than 9 °C (ref. 9), it seems likely that 
_ after 45-60 min of irradiation at 5~10°C very little of the d(pT)io 
was still annealed to the poly(dA), thus eliminating the end-to- 
end juxtaposition required for the formation of ligating dimers. 
Another possible explanation is that the competing production 
of internal dimers between the first and second or ninth and 
tenth thymines within the oligonucleotides prevented the pro- 
duction of ligating dimers between the first and tenth thymines 
of adjacent oligonucleotides. 

One distinctive characteristic of cyclobutane dimers is their 
reversibility by irradiation with UV of wavelengths shorter than 
~~ 260 nm (ref. 2). To confirm that the ligating dimers were 
reversible ia UV, we Kipami a P to long- 


_ — Poly (dA) 


20 30 45 60 90 120 180 240 
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Fig. 1 Ligation of oligonucleotides by increasing irradiation with _ 
long-wavelength UV. This autoradiograph of a denaturing poly- 
acrylamide gel shows the production of dimers (20 bases), trimers 
(30 bases), and tetramers (40 bases) of oligonucleotides (10 bases) 
by increasing irradiation with long-wavelength UV. Double-strand 
polymers of oligo (d(pT)10)- poly(dA) (7850; P.L. Biochemicals) 
were dissolved in 0.5 ml phosphate buffer (50 mM sodium phos- 
phate, 50 mM NaCl, pH 7.0) to an A260 of 6.0; 1 pg of this DNA 
was °**P-labelled at the 5’ termini’ °. Mixing the unlabelled and 
labelled DNA yielded an activity of 10° c.p.m. pl”! although less 
_ than 1% of the molecules were labelled. For irradiation, a fraction 
of the DNA solution was placed in a 1 cm glass cuvette, surrounded 
by water at 0 °C. The solution was stirred and nitrogen was bubbled 
through it before and during the irradiation. Light was provided 
by a focused 75 W low-pressure xenon lamp having an output of 
23m? in the 250-260 nm band. The glass cuvette was opaque 
to wavelengths shorter than 290 nm and i in these conditions a high 
equilibrium dimer yield was obtained’. At the times shown, 30-pl 
samples were removed, denatured with formaldehyde? , and 
- loaded onto the gel with 6 ul of 40% (w/v) sucrose. The 12. 5% 
-` polyacrylamide gels were prepared and run in Peacock’s buffer” 
~ to which formaldehyde had been added to a concentration of 2% 
(w/w), The buffer was recirculated during both the pre-run (> 8 h, 
100 v and the run (60min, 250 V). The gel was dried and 
autoradiographed. 
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Fig. 2 Kinetics of photoligation. The radioactivity in each band 
(@, 10 bases; A, 20 bases; V, 30; @, 40) is expressed as a 
percentage of the total radioactivity entering each gel lane shown 
in Fig. 1. After the gel was autoradiographed, each band was 
excised and assayed for radioactivity by scintillation spectrometry 
in omnifluor/toluene (NEN). A separate experiment was set up 
to determine the kinetics of internal dimer formation in our 
irradiation conditions: a small amount oof  {[2- 
'$Clpoly(dT) - poly(dA) (10472; P. L. Biochemicals); was included 
in the cuvette during an identical irradiation of d(pT),9° poly(dA) 
and the fraction of thymines contained in dimers was measured 
by TLC’®. The percentage. of total '“C contained in the dimer 
peak is shown (0). The initial rate of production for any of the 
products measured was determined by measuring the slope of the 
line joining the first two points (for example, 0 min and 10 min). 


wavelength UV to produce ‘ligated’ oligonucleotides, then re- 
irradiated the DNA with UV of shorter wavelengths (mainly 
254nm). With doses of short-wavelength UV up to 16x 
10* J m”, the amount of material in the ligated oligomer bands 
clearly decreased (Fig. 3). Quantification of the material in the 
bands confirmed this (not shown). This observation demon- 
strates photoreversibility of the ligating dimers and, as discussed 
below, lends support to the hypothesis that dimer-induced 
denaturation limits formation of ligating dimers. 
Short-wavelength UV (254 nm) can dimerize up to 39% of. 
the thymines in poly(dT)’, but only 20% of the thymines were | 
dimerized after our initial long-wavelength UV irradiation of 
d(pT),:o' polyidA). Thus, the subsequent short-wavelength 
irradiation while apparently breaking the ligating dimers, 
should have actually increased the frequency of internal dimers. 
within the oligomers. This dichotomy is understandable if one 


considers two effects of short-wavelength UV on a photoligated 


oligonucleotide. First, the internal dimers are both broken and 
formed, eventually resulting in a higher equilibrium frequency 
than originally present. This leads to denaturation of the 
oligonucleotide. Second, the ligating dimer is broken, but can- 
not be re-formed because the oligonucleotide is no longer 
hybridized to the poly(dA). Thus there is a loss of ligated 
oligonucleotides. Dimer-induced denaturation removes the 
oligonucleotides from a ligatable configuration after either 
extensive long-wavelength irradiation or after a shorter period 
of long-wavelength irradiation followed by short-wavelength 
irradiation. In the former case this simply stops the photoliga- 
tion process, while in the latter case it allows us to observe 
photoreversibility of the ligating dimers. 

It was of interest to determine whether enzymes specific for 
pyrimidine dimers in DNA would also recognize the ligating 
dimers, as this would elucidate both the nature of the ligating 
dimers and the mechanisms of action of these enzymes. 





Photolyase from E. coli binds tightly to pyrimidine dimers 
and, on irradiation with visible light, catalyses, the splitting of 
the dimers into the two original pyrimidines'*’>. The splitting 


ofa ligating: dimer would result in the separation of the oligonu- 








cleotides. as no phosphodiester bond connects them. 


To determine whether the ligating dimers were sensitive to 
ase, We treated photoligated d(pT)10° poly(dA) with the 






labelled E coli. DNA, the natural substrate, to confirm 
‘the enzyme was active. After electrophoretic analysis we 






acd Iked for a reduction in the amount of material in the 20-base 


i band which would indicate splitting of the ligating dimers. We 
“monitored splitting of pyrimidine dimers in E. coli DNA by 
- TLC. In reaction conditions suggested by Betsy Sutherland 


F 


(personal communication), 33% of the dimers in the E. coli 
DNA were split but we observed no significant reduction in 
the relative quantity of 20-base material. Although this sug- 
gested that the ligating dimers were insensitive to the enzyme, 
the possibility remained that the 20-base oligonucleotides were 
too small for efficient substrate recognition. Competition 


-experiments have shown that photolyase from yeast will 


efficiently recognize dimers on oligonucleotides 20 base pairs 


(bp) long’*. To interpret our negative result unambiguously we 
~ needed to demonstrate that the E. coli enzyme also recognized 
-dimers on small oligomers. In a series of competition experi- 


ments analogous to those performed with the yeast photolyase, 
we demonstrated that irradiated oligo(d(pT),o) -poly(dA), con- 
taining photoligated oligonucleotides 20 bp long, did in fact 
compete with irradiated E. coli DNA for the E. coli photolyase. 
Thus, photolyase was able to recognize the dimers in photoli- 
gated oligonucleotides 20 bp long and possibly in even smaller 
oligonucleotides. As photolyase did not break the linkages, we 
concluded that the lack of a phosphodiester bond at such sites 


= reduces.significantly the activity of the enzyme. 


‘Another enzyme that is specific for the cyclobutane 
pyrimidine dimer is endonuclease V from E. coli infected with 
bacteriophage T4'°. This enzyme (T4 endo V) incises DNA 
containing pyrimidine dimers by a two-step process. First, a 
dimer-specific DNA glycosylase cleaves the 5’ pyrimidine of 
the dimer from its sugar and then an apyrimidinic—apurinic 
endonuclease cuts the phosphodiester linkage between the 
dimerized bases, leaving an apyrimidinic site at the 3’ end at 
the nick*’*’. As there is no phosphodiester linkage between the 
thymidines in the ligating dimer, the action of the glycosylase 
alone should break the linkage. We wished to compare the 
glycosylase activity of T4 endo V on ligating dimers with that 
on internal dimers. We irradiated d(pT),.: poly(dA) with long- 


- wavelength UV to produce both internal and ligating dimers. 


Poly (dA) 





Jm-*x 1073, 254nm 


Fig. 3 Photoreversal of ligating dimers by 254 nm irradiation. 

d(pT)10° poly(dA) was irradiated for 30 min with long-wavelength 

UV as described in Fig. 1 legend. The solution was then irradiated 

again at a distance of 10 cm from a 15 W mercury germicidal lamp 
_ whose principal output is 254 nm. At times corresponding to the 
doses shown, samples were removed and analysed by elec- 
. trophoresis in the same conditions as before. __ 
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Fig. 4 Action of the glycosylase of T4 endo V on 20-base... 
oligonucleotides containing a ligating dimer between the 10thand 
11th positions. The top of the figure shows the electrophoresis 
patterns of photoligated oligonucleotides before and after treat- 
ment with T4 endo. V and NaOH. The DNA moved from right 
to left. The very intense band at the origin represents the 20-base 
substrate and the bands to the left represent scission products of 
decreasing size. The top lane shows the pattern obtained for DNA 
treated with NaOH to hydrolyse the phosphodiester bond at 
apyrimidinic sites already present. The defect in the autoradiogram 
at the band labelled L was. not the result of radioactivity in the. 
gel. The bottom lane shows the pattern obtained for DNA that 
had been treated with T4 endo V followed by NaOH. Strand: 
Scissions occurred on both ends of the molecule (A~D.and L-N). ee 
Although oligonucleotide markers were run in adjacent lanes (not. E 
shown), unambiguous assignment of lengths to each band was — 

impossible, thus we have only lettered them. Action of the enzyme — 
on the ligating dimer would have yielded a fragment migrating 
between I and K. Each band shown at the top of the figure was 
excised and assayed for radioactivity. After expressing the radioac- 
tivity of each band as a percentage of the total radioactivity in its 
lane, we subtrated the control values {c.p.m...,) from the expeti- 
mental values (C.p.M.ex)). No strand scissions occurred at the 
centre of the oligonucleotide although every molecule contained 
a ligating dimer at its centre. The substrate molecules for this 
experiment were isolated by electrophoresis (12% acrylamide, 
7M urea gel) of irradiated d(pT),9-poly(dA) (20 min long- 
wavelength UV}, followed by electroelution of the 20-base band. 
We S'end-labelled these molecules with P and precipitated them 
with ethanol. Enzyme reactions were carried out in 20 pl buffer 
(10 mM Tris, 10mM EDTA, pH 8.0) at 37 °C for 30 min. NaOH ~ 
was then added to 0.1 M andthe samples were incubated at 90°C 
for 30 min. After lyophilization the samples were resuspended in 
5 pl formamide and run on a 20% Ae aa 7M urea gel 


After separation | on a urea gel, we rovend the 20- E 
oligomers by electroelution and then **P-labelled their 5’ ends. 
Each 20-base oligonucleotide thus obtained contained a ligating . 
thymine dimer between positions 10 and 11 and an average of 
one or two dimers randomly distributed over the other positions 
(except positions 9-10 and 11-12, which are prohibited in these _ 
molecules). The sample was then treated with excess T4 endo 
V, and heated in NaOH to ensure that strand scission would _ 
occur at all sites of glycosylase activity of the enzyme. A control | 
sample was treated with NaOH after incubation without the- 
enzyme. All enzyme reactions were performed on single-strand 
DNA to eliminate the possibility that denaturation differences 
between the locations of internal and ligating dimers might _ 
affect the results. The products of the reactions were analysed. . 
by electrophoresis on a 20% polyacrylamide DNA sequencing 
gel (Fig. 4); a band should appear for each dimer site sensitive 
to the enzyme plus NaOH. As there is a 100% Po of 


o a  tigatinis ne at ie 10-11 btan hiti a e ‘than 


10% chance of having an internal dimer at any other particular 
site, this experiment detects susceptibility of the linking dimer 
to the enzyme with a 10-fold greater sensitivity than that for 
internal dimers. Nevertheless, no breakage at the position of 
the linking dimers was detected (Fig. 4). In our laboratory it 
has been found that thymine dimers in d(pT),7, treated in exactly 
the same manner, are sensitive to T4 endo V along the entire 
mid-section of the molecule (to be published), which excludes 
the possibility that the mid-section of an oligonucleotide is 
insensitive to the enzyme. 

Thus, as was suggested with photolyase, the glycosylase 
_ activity of the T4 endo V seems to require a phosphodiester 
_ backbone. In this case, however, we demonstrated that internal 
dimers in our 20-base molecule were sensitive to the enzyme, 
while the ligating dimer was not. Proposed mechanisms for 
either enzyme must eventually take into account this feature 
of substrate recognition and action. 

Could the pyrimidine dimer have served as a primordial 
‘ligase’, linking short oligomers of nucleotides for the abiogenic 
assembly of high molecular weight duplex nucleic acids? In 
1974 Tso pointed out that in the laboratory “no satisfactory 
chemical synthesis of long-chain polynucleotides has succeeded 
under any conditions, prebiotic or otherwise’’’’. Since then, 
much progress has been made in template-directed non-enzy- 
matic polymerization of nucleotide derivatives. For example, 
Zn** has been shown to serve as “an efficient catalyst for the 
oligomerization of guanosine 5'-phosphorimidazolide on a 
polycyticlylic acid template’. 

Once high molecular weight polynucleotide templates 
existed, simple catalysts could make multiple complementary 
~~ eopies of them. But how did these templates originate and how 
did they increase in length? Small oligomers might have been 
created by a number of reactions: for example, condensation 
of 5’ thymidine monophosphates by heating in the presence of 
histidine has been shown to yield oligomers up to 7 units long 
and containing predominantly the 3’~S' phosphodiester link- 
age’. The yields from such reactions fall off rapidly as the 
length of the oligomer increases, however, thus it is highly 
unlikely that the ‘first’ high molecular weight template formed 
exclusively by these reactions. Instead, we envisage the accumu- 
lation of overlapping oligomeric structures, followed by some 
ligation event(s}:to generate much larger structures. This would 
occur simultaneously with template-directed polymerization 
reactions. The enhanced thermal stability of the larger duplex 
structures should help to drive the process forward. 

The results presented here show that the ligation of short 
oligomers having thymidine nucleotides at their termini could 
have been accomplished by formation of cyclobutane 
pyrimidine dimers. In the primordial era there was no stratos- 
pheric ozone layer to attenuate the intense UV flux from the 
sun. Thus, it is fairly certain that pyrimidine-containing oligonu- 
cleotides accumulated dimers. We suggest that the cyclobutane 
i pyrimidine dimer that poses a threat to DNA replication and 
-survival in present day organisms, might have played a part in 
the prebiotic assembly of the first genetic material. 
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Potential Z-DNA forming | 
sequences are highly 
dispersed in the human genome 
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Recent analyses of the three-dimensional structure of synthetic 
DNA molecules has revealed the existence of a left-handed 
double-helical conformation of DNA, called Z-DNA‘™. The 
Z-DNA structure was first observed in molecules having alter- 
nating guanine and cytosine bases’, but has now also been 
shown for molecules of sequence poly(dT-dG) - poly(dC-dA) 
(refs 4-7). If Z-DNA occurs naturally then it might have quite 
different reactivities with molecules such as proteins or car- 
cinogens from right-handed B-DNA. The interconversion of 
sequences between B and Z forms, under the influence, for 

example, of DNA binding proteins or chemical modification, 
may be important in regulating DNA function”. So far, little 
data have been published on the occurrence of potential Z- 
DNA forming sequences in eukaryotic DNA. Here we report 
the presence of a sequence of 50 alternating dT and dG residues 
within one of the introns of a human cardiac muscle actin gene. 
Also, using a probe specific for poly(dT-dG) sequences, we 
have found that potential Z-DNA forming sequences are highly 
repeated in the human genome. 

We have recently isolated a phage clone that contains a 
human cardiac muscle actin gene, AHa-25 (Fig. 1). This clone 
was obtained by screening of a human DNA library that had 
been constructed by partial EcoRI digestion of DNA from a 
B°-thalassaemia patient and ligation to Charon 4A phage vec- 
tor'®. The molecular structure (Fig. 1a) and nucleotide sequence 
of the entire coding region and some introns of the cloned 
cardiac muscle actin gene were determined’’. In intron IV we 
found a sequence of 25 alternating dT and dG residues (abbrevi- 
ated to (dT-dG),;). Figure 1b shows the nucleotide sequence 
of the intron IV-exon 5 boundary region. The presence of 
(dT-dG),, near the intron-exon junction was confirmed by 
sequencing of both DNA strands by the Maxam-—Gilbert 
method. The repeated sequences found are not an artefact of 
our cloning procedure because we used RecA” mutant 
Escherichia coli as a host, and we have further been able to 
isolate human cardiac muscle actin gene with exactly the same 
restriction map as that of AHa-25 by screening a second human 
DNA library constructed by partial EcoRI digestion of DNA 
from a chemically transformed human fibroblast cell line (our 
unpublished data). Our finding of a (dT-dG),, stretch is a direct 
demonstration of potential Z-DNA sequences in the eukaryote 
DNA. If poly(dT-dG) sequences are functionally important 
then it is to be expected that they should be found in other 
parts of the genome. To examine this possibility we carried out 
the following two Southern blotting analyses. In the first analysis 
we used *’P-labelled total DNA from human HeLa cells on a 
probe to detect repeated sequences in the EcoRI-BamHI 8- 
kilobase (kb) fragment of the AHa-25. In this method only 
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"=< AATEGTGACEGCTCCCCCACACAAAGAAGTTCTETTCTCTTCCCTC 
TACCTTGACCTGAATGCACTGTGATGTGTGTGTGTGTGTGTGTGTG 


TGTGTSTOTOTGTGTOTGTGTGTGTGTGACTCGTTCCCAĞGTATGS 
Met 


AATCTGCTGGCATCC~7~-- 
Glu Ser Ala Gly lle 


Fig. 1 a, Molecular organization of the human cardiac muscle 
actin gene. The black blocks. show the locations of six exons. The 
arrow above the map indicates the direction of transcription. Six 
exons and five introns are designated from 1 to 6 and from 1 to 
V, respectively, according to their locations. The hatched blocks 
show the presence of three different repeated | elements, These 
locations were determined by hybridization to. **P-labelled total 
human DNA or **P-labelled cloned human Alu family:(provided 
by Dr Schmid) (data not shown). b, Nucleotide sequences of intron 
IV-exon 5 boundary region. PNA sequence was determined by 
the Maxam-Gilbert method’’. The vertical arrow indicates the 
splicing site. Alul site in intron IV is enclosed by a box. The 
sequence (dT-dG)zs is underlined. The amino acid sequence 
corresponding to DNA sequence of exon 5 is shown. under the 
nucleotide sequence. 


highly repeated (> 100 copies per cell) sequences are detected. 
When the 8-kb EcoRI-BamHI fragment was digested with PstI 
_ a 0.9-kb band hybridized to the probe (Fig. 2). A probe specific 
for the Alu family of repetitive sequences”? did not hybridize 
to any región of the EcoRI~BamHI fragment (data not shown). 
The 0.9-kb fragment contains all of exon 5 and a part of introns 
IV and V. In order to narrow further the location of the repeated 
element, we constructed a subclone of the 0.9-kb Pst] fragment 
in pBR322. By Southern blotting analysis of restriction digested 
0.9-kb DNA fragment using **P-labelled total human DNA as 
a probe, the repeated element was mapped between the Alul 
site in intron IV and Sau96I site in exon. 5 (Fig. 2). As the 
actin-coding sequence is not highly repeated in the human 
. genome, we conclude that a highly repeated element is located 
. in the 110-base pair (bp) region between the Alu] site in intron 
{V and the 5’ splicing site—precisely the region where (dT-dG),< 
- 1s located. 

In the second analysis, the DNA used asa probs, and that 
¿probed were reversed. **P-labelled 0.9-kb Pstl fragment was 
used as a hybridization probe against EcoRI-digested human 

DNA. As shown in Fig. 3a a smear of hybridization was 


observed with the HeLa DNA, indicating again that the 0.9- - oe 
kb PstI fragment contains. the highly. repeated: element. To — 


demonstrate that the repeated element in the 110- «bp: region es with Alul (lane 1), Sau96I (lane 2), or Sau961 and PstI (lane 3). 


between Alul site and splicing site is the sequence (dT-dGhs, 

we prepared **P-labelled poly(dT-dG) - poly(dC-dA) as a probe 
_ to specifically recognize sequences. The specificity of the probe 
< was confirmed by the exclusive hybridization of the probe to 
‘+ (dT-dG)5-containing fragments when hybridized to restriction 
> enzyme digested AHa-25 DNA (Fig. 35). This probe also pro- 
¿> duced a smear of hybridization in gels containing EcoRI- 
| digested total human DNA (Fig. 35), thus indicating that (dT- 
dG), is a repeated element. We also determined the copy 
number of (dT-dG), sequences in the human genome by Dot 
analysis’, using the (dT-dG),, specific. probe (Fig. 4). The 
> approximate number of (dT-dG),, copies was estimated as 10° 
‘i per human genome, assuming that the average size of n is 25. 
= These results clearly indicate the widespread distribution in 
“the human genome of sequences that cross-hybridize with the 





o pò sly(dG- aT): poly(dA-dC) probe: The following observations 


_ not shown), which contains a (dT-dG); sequence indicates t 
-the DNA fragments that cross-hybridized to the probe contain , 
_ a significant stretch of alternating dT and dG residues. 





suggest that most of the hybridizing sequences are poly(dT-dG) 
stretches. First, the hybridization conditions used were so strin- 
gent that the sequences containing more than 15% of mismat- 
ched nucleotide sequence would not cross-hybridize with the 
probes. Second, large excess amounts of E. coli DNA did not 
compete at all with the probes for hybridization to human DNA. 
Third, sequence analysis of one of hybridizing clones containin 
EcoRI-digested human DNA proved to contain an exact (dT 
dG),s sequence (unpublished data). Fourthly, a (dT-dG), 
sequence has been found in human globin genes'*. The observa-. 
tion that our probe did not hybridize to pBR322 DNA. (dat 






































It has been reported that the C(8) position of deoxyguanosine. 
residues, which is the primary position of binding of mutagens. 
and carcinogens such as N-acetoxy-N-2-acetylaminofluorene._ 
(N-AcO-AAF), is exposed on the outer surface of the DNA © 
molecules in Z-DNA but not in B-DNA. N-AcO-AAF - 
modification or methylation of cytidine in the 5-position in — 
poly(dG-dC) - poly(dG-dC) has been found to favour the transis 
tion of the polymer from the B to Z conformation, Muta- 
tional ‘hot spots’ have been shown to exist in the hist D gene jr 
of Salmonella, within which is a (dG-dC), sequence", Further; < 
cloned segments of poly(dG-dC),,: poly(dG-dC),; in a plasmid 
undergo a B to Z transformation even though they are enclosed 
in plasmid segments containing B-DNA”. Nordheim et al. 
recently reported that antibodies specific to the Z-DNA confor- = = 
mation bind to. interband regions of Drosophila polytene’ > 





Fig. 2 Mapping of highly repeated sequences in human cardiac 
muscle actin gene. pEB 8.0 DNA, a subcloned DNA containing 
the EcoRI-BamHI 8-kb fragment in pBR322, was digested with 
Pst] (lane 4). pPst 0.9-1 DNA, ‘constructed by subcloning of the 
Pst}-0.9-kb fragment shown in Fig. Linto pBR322, was digested 


The resulting DNA fragments were separated on a 2% agarose 

- gel, transferred to nitrocellulose filter, and hybridized to total 
HeLa cell DNA labelled with **P by nick- translation. Hybridiz- 
ation was carried out as described previously”. E. coli DNA was 
used as carrier DNA. The filter was washed in 1 x S5C 0.1% SDS 

at 50°C three times and in 0.1 x SSC 0.1% SDS at 50°C twice. 
The restriction map of pPst 0.9-1 DNA is shown above the 
autoradiogram. The solid and broken lines indicate — 
pBR322 DNA. The box indicates the 0.9-kb PstI fragment sub- 

_ cloned into pBR322. The black box and open boxes denote coding 
region and introns, respectively, The hatched region shows the 
location of the repeated sequence as determined by the results 

shown in this figure. The arrow above the map indicates the 
direction of transcription. The restriction enzyme sites are abbrevi- = 
ated as the following: A, Alul; P, PstI; S, Sau961. Haelll digests. 

of ®X174 DNA served as a molecular size standard. © 





Fig. 3 Detection of poly(dT-dG) sequences in a human genome 
by Southern blot hybridization. 20 ug of HeLa cell DNA was 
completely digested with EcoRI (lane 2 in a and $). Fifty copies 
equivalent (lane 1 in a and b) amount of AHa-25 DNA was 
digested with EcoRI. These equivalent amounts were calculated 
based on the assumption that human genome size is 3x 10° bp, 
and our data that (dT-dG).s5 exist only once in AHa-25 (data not 
shown). The resulting DNA digests were electrophoresed on 0.7% 

agarose gel, transferred to nitrocellulose filter and hybridized to 

P-labelled probe. Hybridization was carried out as described 
above. The probes used here are nick-translated Pst] 0.9-kb 
fragment in a and nick-translated poly(dT-dG)- poly(dC-dA) in 
b. The latter probe was prepared by annealing of (dT-dG).¢_. and 
(dC-dA)«_9 (Collaborative Research) followed by nick-translation. 


2 
3x107 3x10 3x10° 3x10 


AHa- 25 


KD HeLa 


Fig. 4 Determination of copy number of poly(dT-dG) sequences 
in human genome. 0.25 pg of human DNA prepared from HeLa 
cell or KD cell {normal diploid human fibroblast) and 3x 10°, 

3x 107, 3x107 or 3x 10° copies equivalent amount of AHa- 25 
DNA were denatured. and Spotted on nitrocellulose filter as 
described by Kafatos et al’. These equivalent amounts were 
calculated as described above. The filter was hybridized to *’P- 

labelled poly(dT-dG) - poly(dA-dC) as described above. 


- chromosomes”. I 
-(dT-dG), sequences that we have found to be highly dispersed 





‘is plausible that a portion or -all of the 


in the human genome adopt a Z conformation depending on 
the circumstances and that these sequences may be important 
in mutagenesis, recombination and the control of gene 
expression. > 
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A wide range of receptors are located at the blood sinusoidal 
aspect of the hepatocyte plasma membrane’*. Many circulating 
ligands that bind to receptors on the cell surfaces are interiorized 
along two pathways. Asialoglycoproteins’ are transferred from 
the plasma membrane to lysosomes and degraded, whereas 
immunoglobulin A‘ and bile acids* are transported across the 
hepatocyte interior and released into bile. Asialotransferrin 
type 3 (ref. 6) follows a further pathway termed diacytosis’ “ 
After binding to the asialoglycoprotein receptor", 
asialotransferrin is endocytosed and then returned to blood 
with a proportion of its carbohydrate side chains resialylated’. 
We now describe in liver the properties of intracellular 


asialotransferrin-enclosing vesicles (diacytosomes) and show 


that they differ from Golgi, lysosome and plasma membrane 
fractions. Furthermore, we show that the asialoglycoprotein 
binding sites are located on the cytoplasmic (outer) surface of 
diacytosomes. 

Asialotransferrin, after binding to the hepatic asialogly- 
coprotein receptor®'°™, is rapidly interiorized. Analytical cen- 
trifugation of liver homogenates in sucrose gradients shows that 
within 5s of injecting asialotransferrin into the liver via the 
portal vein, the ligand equilibrates at a density corresponding 
to plasma membranes (1.16 gcm™*) and then moves rapidly, 
through an intermediate density (1. 13 gcm 7) at 30s, to a final 
density position of 1.10-1.11 gcm™*, where it remains intact 
for long periods’*. The components equilibrating at the latter 
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Fig. 1 Fractionation of the diacytosome fraction, prepared as described 
in Table 1 legend, by free-flow electrophoresis in an Elphor VaP5 apparatus 
(Bender and Hobein, Munich). The conditions used were essentially as 
reported by Menashi et al.*4, Protein was determined by the microtannin 
turbidometric method*', and asialoorosomucoid binding by the Pricer and 
Ashwell method*?. Galactosyl transferase and 5’-nucleotidase® activities 
were determined by standard methods**. The results are expressed as the © 
frequency of distribution of components recovered from the apparatus from 
livers 15 min after administration of '**I-asialotransferrin. 





density were isolated in a subcellular fraction now operationally 
defined as the diacytosome fraction, using a modified method 
for preparing blood sinusoidal plasma membranes’*. The 
diacytosome fraction was obtained (Table 1) by centrifuging 
the homogenate supernatant in a continuous sucrose gradient 
after pelleting nuclei, plasma membranes, mitochondria, lyso- 
somes and Golgi apparatus components. Soluble proteins 


associated with the diacytosome fraction were removed by - 


permeation chromatography. The diacytosome fraction 
retained about 20% of the bound '7°I-labelled asialotransferrin 
-and 10-20% of homogenate glycosyl transferase activities 
(Table 1); recovery of 5’-nucleotidase and alkaline phos- 
phodiesterase was lower and more variable, and that of lyso- 
< somal enzymes very low. 

On further resolution of the diood fraction by free-flow 
electrophoresis’ (Fig. 1), although a single protein peak 
emerged, the galactosyl transferase and residual 5'-nucleotidase 
activities separated into adjacent peaks. Importantly, however, 
the positions of the major asialotransferrin peak, the major 
peak representing asialoglycoprotein receptor-binding activity 
and the galactosyl transferase coincided. Although this result 
could have implied that asialotransferrin was interiorized to the 
Golgi apparatus, the morphological features and the ligand- 
receptor binding properties of diacytosomes showed that the 
recovered ligand resides in previously undocumented subcel- 
lular components. 

. Examination of the diacytosome fraction by electron micro- 
scopy showed a relatively homogeneous population of smooth- 
~ surfaced vesicular profiles, 600-1,200 A in diameter. The 
_ cisternal tubular networks and vaculoles characteristic of Golgi 
. apparatus fractions’’”'? were rarely seen. No coated vesicles”? 
-were detected, even when negatively stained preparations were 

- examined. Fractions containing the ligands, receptors and galac- 
‘tosyl transferase (Fig. 1) contained a higher proportion of 
vesicles with single or compound intraluminal vesicular mem- 





Table 1 Recovery and relative specific activities of radioiddinatéd ligands and ` 
marker enzymes in the diacytosome fraction 


% Recovery from relati 
homogenate 


0.25+0,04(4) nR 


Component in 
diacytosome fraction 


Protein x 
Asialotransferrin type 3 19.4 +0.9 (4) 62.0 
Asialoorosomucoid 2.1 (2) 6.5. 
Insulin 7.9 £1.14 (4) 25.6 
Galactosyl. transferase 21.0 = (2) 65.0" 
Sialyl transferase no ya 2 34.0.0 o 
5'-Nucleotidase - . © 67 £2.4 (4) 165S 
Alkaline phosphodiesterase . 2,5 +04 (4) 6.5 
Acid an Sa LO (2) 22 | 

| Fatmi ae a 0:09: (2) Qio 


are prepared from unatievéd: rat liver homogenates as s described 5 
Be Brity, nitie, mitochondria and a plasma 1 mem: 


final clear Hii was: aeaea i into ; a. “10-40% w/v sucrose stadiont at. 
97,000g,, for 4h. Beckman SW27 rotor) and components equilibrating at 
densities of 1.097-1.117 g cm”? were pooled and concentrated by vacuum dialy-.- 
sis. Radioactivity. ‘and enzymes (70-90% } and a protein peak (20-25%). were 
eluted in the void volume peak of.a Sepharose 2B column equilibrated in 10 mM 
Tris-HCI pH 7.4, 1 mM EDTA and 0.15 M.NaCl, and concentrated by centrifuga- 
tion. The three ligands were. iodinated using the jodogen method**, : 






-= -Asialotransferrin.type3 (5 pg), asialoorosomucoid (20 jg) or insulin (20 ug) were > 
"injected ‘intraportally into rats. (150.2 body weight) and livers removed and. 
“homogenized 10+15 min later when most of the asialotransferrin and proportions 
of asialoorosomucoid and insulin equilibrated in the density range 1.095- 


1.12.2 cn", Enzyme activities and radioactivity were determined as previously 


described'*- 3524 The complete distribution of. all components in the fractions.» 
-wil be described elsewhere**, and total recoveries were 89-103% of homogenate 


values, Standard ‘errors of the mean and the number of experiments (in. paren- 
theses) are piven. 


‘brane components (Fig. 2) Similar vesicles were present as 
-= minor components in gross Golgi’”” 


” and plasma membrane 
sinusoidal fractions’* prepared from liver. Recently, similar. _ 
multi-vesicular structures (termed ‘receptosomes’, although no 
receptors or receptor binding was measured) were described 1 in. 
cells that have interiorized ligands”. : 

Table: 2 shows. that the diacytosome fraction has a much 
higher capacity for binding asialoglycoproteins than do the 
plasma membrane and Golgi subfractions. Examination of the 
orientation of the receptors on the vesicles by measuring the 


binding capacity of various fractions after treatment with Triton 


X-100 showed that the binding capacity of the Golgi subfrac- 
tions increased two- to three-fold, indicating that most of the 
receptor sites were located inside the membrane-enclosed 































Fig. 2 Electron micro- 
graph of fraction 23 from 
the free-flow electro- 
phoresis separation (Fig. 
1). Membranes weré con- _ 
centrated by centrifuga- 
tion on to a 51% (w/v) 
sucrose cushion, and 
sections prepared for 
viewing by standard 
methods'*. x27,800. 







Asialoorosomucoid 
ing per ug protein) 


Fraction 
- NO 0.1% Triton 
treatment X-100 Sonication 

Diacytosome 6120.4 5.6£0.6 6.2403 
Golgi—heavy 09+0.2 2.7402 3.1201 
Golgi--intermediate 0.8401 2.5406 e 
Plasma membrane (heavy) _ 1.42+0.2 1.7+0.3 a 
Plasma membrane eee 2.2+0,3 2.740.) 1.6 








na membrane fractions 


Insulin 
(ng per mg protein) 
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Trypsinand = Trypsinand 0.1% 
Trypsin 


sonication Triton X-100 
0.03£0.01 . 0 0.05+0.01 1.14+0.11 
0.17+0.1 2.3206 3.30.3 0.27 +0.02 
— — — 0.57 + 0.09 
— — oe 0.71 +0.02 
0.10 0.24 0.03 0.39 + 0.02 





The diacytosome fraction was prepared as described in Table 1 legend, and Golgi and plasma membrane fractions by standard procedures! 18 Asialoorosomucoid 


7 binding was carried out as described by Pricer and Ashwell”, and insulin binding as described previously. 


Sonication of membrane fractions was carried out in a 


- Sonic Dismembrator (Fisher, Model 300) using 2x 10s bursts at setting ‘35’. Trypsin treatment was carried out before binding studies as follows. Membrane fractions 
_. (250 pg protein) were incubated for 15 min at 23°C with trypsin (250 ug; P-L Biochemicals); control samples were incubated in the buffer 0.15 M NaCl, 0.005 M 
- “CaCl, 0.01M Tris-HCl pH 8. Protease treatment was stopped by addition of a fivefold (w/w) excess of crystalline soybean trypsin inhibitor (Worthington). In separate 
studies, the trypsin inhibitor had no effect on ligand binding. Values are shown + s.e.m. of three to five determinations. 


a compartments. In contrast, no increase in binding capacity was 
u elicited by detergent treatment of the diacytosome fraction, 
thus indicating that the binding sites were located on the outer 
surface, Further evidence for an external location of the asialo- 
glycoprotein receptor on diacytosomes was obtained by the 
finding that sonication had little effect on asialoorosomucoid 
binding by the diacytosome fraction, whereas a three-fold 
increase, similar to that elicited by treatment with Triton X-100, 
was obtained with a Golgi fraction. Trypsin treatment removed 
96% of the asialoorosomucoid binding capacity of diacytosomes 
when carried out alone or in combination with sonication or 
exposure to Triton X-100, two treatments that should reveal 
any additional receptors located inside the vesicles. On the 
“other hand, the diminution in binding capacity of the Golgi 
fraction occurring after trypsin treatment was low when com- 
pared with that measured after sonication or Triton X-100 
treatment. These results provide strong evidence that the recep- 
tor-binding sites are located mainly on the outer (cytoplasmic) 
surface of the diacytosome. 

A role for diacytosomes in the receptor-mediated uptake of 
insulin was also briefly investigated, for about 8% of the '**I- 
labelled insulin associated with particulate components of the 
liver homogenate 10-15 min after injection was recovered in 
the diacytosome fraction (Table 1). Comparison of the insulin- 
binding capacity of the diacytosome with plasma membrane 
and Golgi fractions showed that diacytosomes possessed the 
highest activity (Table 2), and preliminary observations suggest 
that a proportion of the insulin receptors is cytoplasmically 
orientated. 
< The morphology, high concentration and external orientation 
= of receptors, when taken with the simplified polypeptide com- 

: position relative to plasma membrane and Golgi fractions”? 
indicate that diacytosomes cannot be categorized directly into 
the major hepatic classes of subcellular organelles and mem- 


~- brane systems described”***, However, in view of the structural 


and functional complexity of the Golgi apparatus, especially i in 
secretory tissues” 
the Golgi apparatus specialized for the processing of classes of 
_ ligands internalized. by hepatocytes. A diacytotic pathway along 
< which ligands move in and out of the hepatocyte can be divided 
_ into inward (endocytotic) and outward (exocytotic) sector legs. 
- The association of glycosyl transferases with the diacytosome 
fraction indicates that the more electronegative vesicles. separ- 
-ated by free-flow electrophoresis may arise from components 
. comprising the intracellular terminus of the diacytotic pathway. 
- The glycosyl transferases in the diacytosome fraction can also 
explain. the glycosylation of internalized asialotransferrin 
< demonstrated in in vivo experiments’. 

Finally, the cytoplasmic orientation of asialoglycoprotein 
receptors. demonstrated on the diacytosomes indicates that the 
_.feceptor-ligand complex formed at the plasma membrane has 
— been rearranged during internalization. Either there i is receptor 
_ reorganization in the membrane lipid bilayer*, or engulfment 
of membrane. Spent of the inward sector leg and multiple 


> the vesicles may originate from a region of 


fusions have taken place, resulting in a dissociation of the 
complex with the receptors now becoming cytoplasmically 
orientated. Indeed, these results add to the increasing indirect 
evidence for discrete intracellular compartments bearing cyto- 
plasmic receptors for lectins”, phosphomannosyl enzyme™* 
asialoglycoproteins’” and human growth hormone”. External 
receptors on diacytosomes, while undoubtedly contributing to 
their high electronegativity exploited in the free-flow elec- 
trophoretic separation, may provide recognition potential 
ensuring specificity in the vesicular transport of ligands inside 
the cell. The high concentration of receptors on diacytosomes 
suggests a role in receptor recycling and therefore receptor 
turnover at the plasma membrane. 
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Dielectric constant of ice 







JAMS has recently considered the 
ric constant of ice'. His Monte 
o calculations fill a gap in the 
literature and complement previous 
- calculations. However, his theoretical dis- 
«cussion, while displaying an important 
constraint on the Kirkwood—Frohlich 
(K-F) theory, falls short of the ‘simple 
resolution’ claimed. 
Adams’ primary equation’ is 


(Miki N/VegkTV 
= (e ~1)(2e'+1)/3(e +2e’) (1) 


The right hand side (RHS) of equation 
(1) is obtained using macroscopic elec- 
_trostatic theory for a spherical system of 
ice of dielectric constant e surrounded by 
a much larger sphere of dielectric constant 
e'. The left hand side (LHS) of equation 
(1) is obtained using microscopic statis- 
tical mechanics for a system of water 
dipoles in the central sphere which inter- 
act with each other as well as with the 
material in the outer sphere, whence the 
subscript e'. The internal field Ene which 
acts on the dipoles in the calculation of 
the LHS of equation (1) is interpreted to 
be the cavity field which would have 
existed if the ice sphere were removed, 
whereas the polarization P is computed 
from the field actually present in the elec- 
trostatic calculation before the ice sphere 
is removed. The first problem is to deter- 
mine specifically which intermolecular 
interactions are required in the calcula- 
tion of the LHS to make it correspond to 
the RHS for which the cavity field is used. 
This has not been a priori obvious as 
evidenced by the fact that several 
researchers”, including Adams, have 
performed calculations assuming only 
short range interactions which Adams 
correctly concludes is an inconsistent 
mode! in the context of equation (1). 

For the ideal ice-rules model the 
numerical results for the correlation sums 
gx and G for the LHS appear to agree 
with the RHS for the respective cases of 
e'=e and e¢'=00. However, as Adams 
acknowledges, for a finite concentration 
of Bjerrum defects, which is a necessary 
feature of real ice, equation (1) becomes 
inconsistent because statistical mechanics 
requires that the two correlations sums G 
and gx are equal when the ideal ice rules 
are broken and only short range interac- 
tions are included. Adams tries to elimi- 
nate this dilemma by the proposal that 
dipolar interactions, previously left out of 
all but one primitive calculation®, will 
restore the numerical values of G and 2K 
to. those given by the ideal ice- -rules. As 
Adams admits, this proposal cannot be 
exact because the ice rules determine 
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G/gx to be independent of the dipole 
moment and temperature which cannot 
be true for dipolar interactions. He also 
admits that dipolar interactions are likely 
to raise the numerical value of G which 
would reduce the calculated dipole 
moment below the value yn =3.0 D 
quoted in his paper. Therefore, Adams’ 


simple resolution leaves us with a theory 


for which neither CG nor gx has been calcu- 
lated and for which such calculations may 
be practically impossible due to the 
difficulty of doing statistical mechanical 
calculations on systems with long range 
dipolar interactions. Adams’ real con- 
clusion, also emphasized by Stillinger’®, 
is that G and gy must satisfy a relation 
(Adams’ equation (9)) if the proper inter- 
actions consistent with the internal cavity 
field are included in the calculation of the 
LHS of equation (1). 

Adams’ theory is essentially an 
extension of the K-F theory to include 
the cases e'#e¢ and this allows him to 
connect the K-F equation, given by 
equation (1) when e’=e for which the 
LHS has a factor gg, to an equation which 
is derived from equation (1) by setting 
e'= 00 for which the LHS has a factor 
which Adams identifies as G. If this last 
identification is made, then the Onsager- 
Slater (O-S) equation is recovered and 
must be equivalent to the K-F equation 
because they both come from the same 
unified derivation. However, this 
identification is incorrect because to 
calculate the G required by Adams’ 
theory it is necessary to include dipolar 
interactions: in contrast dipolar interac- 
tions are completely absent in the calcula- 
tion of G appropriate for the O-S theory. 
This astonishing feature has caused many 
to dismiss the O-S theory too lightly. 
However, elsewhere I have. shown that 
the O-S theory consists of a renormaliz- 
ation of the electrostatic interactions in 
ice into a dipole-free effective Hamil- 
tonian’. Therefore, the G required for the 
O-S theory cannot be the same as the. 
quantity required for the LHS of equation 
(1) which should henceforth be called by 
a different name, gu... 
that the use of equation (1) does not per- 
mit a derivation of the O-S theory which 
is fundamentally different from the K-F 
theory??? ; in particular, the internal field 
in the O-S theory is not the cavity field. 
A major advantage of the O-S theory to 
the K-F theory is that extant calculations 
of G, which do not include dipolar interac- 
tions, can be applied immediately and 
unambiguously to the ©O-S theory. 
However, it is to be hoped that the more 
difficult calculation of ga necessary for the 
K-F theory may also be performed and 
that this might indeed result in complete 
resolution of the theory of the dielectric 
constant of ice. 


. residual entropy of ice would not be pre- 


It then follows 
made is to ignore the Bjerrum defects 


range electrostatic interactions which- 
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ADAMS REPLIES—The ‘simple resol- 
ution’ which I claim is the observation 
that it is not necessary to choose between 
either the Onsager~Slater equation or the 
Kirkwood equation. The Onsager-—Slater 
equation, e-1=3yG, becomes equiv- 
alent to the exact Kirkwood equation 
when G is identified with ge which is 
obtained with e' = 00 (that is, the ‘tin-foil’ 
case). and when all the dipole-dipole and 
other interactions of the model hamil- 
tonian are included in the calculation? 
The approximation of the Onsager-—Slater 
theory is that the dipole-dipole interac... 
tions are to be ignored in the calculation 
of G. 
Perfect ice-rules ice is a very simple 
hamiltonian which despite having no 
dipole-dipole interactions produces long- 
range dipole-dipole correlations of the 
sort to be expected in real dielectrics. | 
have calculated unambiguous values of 
G=g.. and gx for this model. The 
identification of such a model with real 
ice must be done with caution and I have 
tried to make an informed guess as to the 
direction of the error. One major approxi- 
mation of the model is that all configur- ` 
ations allowed under the ice rules: have 
the same energy. This cannot be too dras- 
tic an approximation or the observed 


dicted so well.’ | 
The other major approximation I have . 


which undoubtedly occur in real ice. 
However, when non-interacting defects 
are introduced into the model then the — 
long-range correlations are destroyed and 
8k =G = g.. which cannot be true for a 
real dielectric. I argue that to introduce 
defects without also including the long- 


occur in all real dielectrics is to make the 


model worse and not better. I agree with | 


Nagle that complete resolution requires | 
making difficult calculations with all elec- 
trostatic interactions included and using 
the formally exact expressions for the 
dielectric constant of the Kirkwood 
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z Body bup changes 
-during the 
| practice « of g Tum-mo yoga 


IN their recent letter’, Benson et al. do 
¿not provide sufficient information to 
determine whether the temperature 
changes reported indeed resulted from 
the practice of yoga. The ‘control’ time 
= shown on their graphs ranged from 5 to 
10min, and significant fluctuations in 
temperature appeared to occur within 
even that brief time. For example, if the 
1°C change in finger temperature recor- 
ded during this tume for the first subject, 
V.G.J., were extrapolated for the 55-min 
meditation period, a temperature change 
of ~5°C would result, which represents 
“most of the reported effect of 5~9 °C. The 
change in the toe temperature was even 
greater than the finger temperature 
change during the ‘control’ period. 
I would like to see results of tests on 
-non-meditating individuals, and on those 
individuals studied, to determine how 
their temperatures vary over periods of 
1-1.5 hours, corresponding to the dur- 
ation of meditation. I would also want 
experiments to be performed in a tem- 
perature controlled environment, as I sug- 
“gest that room temperature changes of 
2 °C, such as occurred during the trial of 
the second subject, could lead to greater 
changes in the temperature of the 
extremities. 
JAY M. PASACHOFF 
Williams College, 
Hopkins Observatory, Williamstown, 
Massachusetts 01267, USA 


1. Benson, H. et al. Nature 295, 234-236 (1982). 


BENSON ET AL.' present an interesting 
account of three persons who increase 
their finger and toe. temperatures 
apparently by a Tibetan Buddhist medita- 
tional practice known as g Tum-mo (heat) 
yoga. To ensure that any observed 
changes in body temperature are directly 
_ attributable to this method of meditation, 
< the use of a control group is desirable. As 
. this study did not include a control group, 
-itis possible that the observed effects were 
_the result of some other factor, for 
sxample: (1) changes in the ambient air 
a va was the. case for two of 

















for e pone in temperature. Further 
investigation should include the use of 
matched controls; possibly additional 


practitioners of g Tum-mo yoga could be | 


used if they were willing to refrain from 
meditating during the testing period. 


MARC A. STRASSBURG 
County of Los Angeles 
Department of Health Services, 
313 North Figueroa Street, 
Los Angeles, California 90012, USA 


1, Benson, H. ef al, Nature 298, 234-236 (1982). 


BENSON REPLIES—With regard to the 
comments of Strassburg and Pasachoff, 
the subjects in our experiment served as 
their own controls in an ‘off—on-off’ 
design. As the studies were performed in 
the isolated, mountain hermitages of the 
monks, it was not feasible to control the 
ambient temperature. The monks could 
not serve as their own matched controls 
at a later time because they would 
involuntarily lapse into g Tum-mo medi- 
tation while sitting quietly for prolonged 
periods, as we described for subject L.T. 
Closely-matched, simultaneously-studied 
controls would have been desirable, but 
this was not possible in a small Himalayan 
hut. Despite the changing ambient tem- 
peratures and lack of between-subject 
control, we believe the reported results 
are valid for the following reasons. 

It is unlikely that the reported increases 
in skin temperature could have occurred 
spontaneously. Our study was performed 
in relatively cold to cool ambient tem- 
peratures’. There are two major modes 
of preserving body temperature in 
humans at cool ambient temperatures: 
heat conservation and increased heat pro- 
duction’, In the first adaptation, heat flow 
from the body centre to the skin is reduced 
through vasoconstriction of the arterioles 
in the skin. Thus, less heat is lost to the 
environment, but at the expense of 
decreased skin temperatures. When a 
comfortably warm individual enters an 
ambient temperature of 25°C and does 
not change clothing or activity, his mean 
body skin temperature can decrease from 
~33°C to 31°C, and heat loss to the 
environment is reduced by ~25%. Since 
the fingers and toes are thin cylinders with 
little mass in which to store heat, their 
temperatures usually decrease more, and 
much more rapidly, than those of the 
thorax and abdomen. Ordinarily, finger 
temperatures in environments such as 
those of our experiment are ~4 °C higher 
than ambient’. During the meditation 
period, however, the subjects’ finger tem- 
peratures were 10-14°C higher than 
ambient temperatures. The finger tem- 
peratures during the control period were 
already higher than expected. If the 
increases were spontaneous shifts, one 
would expect a return to normal, not a 


y be partly resporisible don, the metabolic rate increases, and 





n the second ad apta: 


more heat is produced. Although it is 
possible that these men had learned to 
increase. their metabolism to produce 
more body heat, this is also unlikely. 


Meditation practices generally have been 


associated with decreased metabolic 
rates“. Furthermore, the subjects’ heart 
rates were within normal limits and rela- 
tively stable throughout. An increased 
heart rate would be expected in conditions 
of increased metabolism. 

Pasachoff extrapolated several of the 
increasing, control-period temperatures 
of subject G.J; he disregarded those of 
the other subjects which were either 
stable or decreasing. Both Strassburg and 
Pasachoff mention the changing ambient 
temperatures as a possible confounding 
influence. There was, however, no con- 
sistent relationship between the tem- 
perature changes in the air and those of 
the skin of the subjects. For example, in 
G.J., the finger and toe temperature 
increases preceded the increases in air 
temperature; his finger temperature 
returned to baseline when ambient tem- 
perature was highest. In L.T., finger tem- 
perature increased during the meditative 
period at a time when ambient tem- 
perature was decreasing. As for the possi- 
bility that the location and method of 
attachment of the thermistors may have 
been partly responsible for the tem- 
perature changes, the thermistors were 
placed at representative skin sites of the 
thorax, abdomen and extremities and 
remained closely taped to the skin during 
each experiment. Both increases and 
decreases in skin temperature were recor- 
ded. Although there may have been some 
damping of the magnitude of the observed 
alterations in temperature, the method of 
application of the thermistors did not 
inhibit the decreases during the recovery 
period, 

Finally, Strassburg mentions that place- 
ment of toes or fingers in an axillary cavity 
would bring about a rapid rise in tem- 
perature. This is true, but the subjects 
were under constant observation by four 
people throughout the experiments and 
assumed no such position. It is intriguing, 
however, to contemplate the resulting 
posture with one’s toes in one’s armpits 
or, perhaps, in someone else’s armpits? 


 H. BENSON 
Division of Behavioural Medicine, 
Department of Medicine, 
Beth Israel Hospital, | 
Harvard Medical School, | 
Boston, Massachusetts 02115, USA 
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FOR ALL his eminence, Professor Sir 
Edmund Leach apparently does not 
anticipate much critical acclaim for his 
contribution to Fontana’s new Master- 
guide series. As he writes in the intro- 
duction, the book is not addressed to his 
anthropological colleagues, 


many of whom are likely to be contemptuous of 
the style of anthropology which it advocates, 
“and which they may well denounce as old- 
fashioned, egocentric, unscientific, escapist, 
lacking in coherence, political commitment and 
S-on. 


So readers are forewarned of an 
unfavourable reaction among 
social anthropologists, which 
does indeed seem to be emerging, 
though not entirely on the 
grounds predicted (see the review 
by Maurice Bloch, Times 
Literary Supplement, April 16). 
As a biological anthropologist 
offering a view from just outside 
the subject, I differ in perspective 
but have arrived independently at 
partly similar conclusions. 
Leach’s intention in this book 
is quite expressly to write about 
“‘my kind of anthropology”, and 
accordingly the unabashed 
pursuit of his own intellectual 
concerns is evident throughout. 
This strongly personal flavour 
has its drawbacks, in that the 
result is far from being a balanced 
portrait of social anthropology as 
a whole, and certainly it would 
not make a suitable textbook for 
undergraduates (nor is it 
intended to be one). It also 
appears to insulate the book from 
criticism, since some comments 
are simply irrelevant to the 
author’s aims; the deficiencies 
cited above are, he says, mostly 
intentional. But the personal flavour has its 
rewards too: the book is more stimulating, 
even entertaining and certainly more read- 
able than would have been likely had the 
author adopted a blandly balanced 
approach. Leach leads us through his 
vision of social anthropology, offering at 
best some subtle and ingenious ideas about 
the understanding of human society and 
culture that will challenge the reader (par- 
ticularly the non-specialist) toreal thought: 
and he does this in his usual admirable 
nanner — clear and trenchant in expres- 
ion, and direct and conversational in tone. 
Roughly the first half of the book deals 








A kind of anthropology 


R.D. Attenborough 


Social Anthropology. By Edmund Leach. 


Pp.254. Hbk ISBN 0-19-520371-0; pbk 
ISBN 0-00-635533-1. (Oxford -University 
Press/Fontana: 1982.) Hbk £9.50, $17.95; 
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with general issues, mainly different views 
of humanity. Leach starts by distinguish- 
ing social anthropologists from cultural 
anthropologists, empiricists from rational 
idealists, and so on. As he gives his account 
of these and other cross-cutting distinc- 
tions, he naturally argues for his own 
position — British social ee asa 
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kind of micro- -sociology, P 
Malinowskian empiricism and Levi- 
_ Straussian rationalism in the study of the 
day-to-day lives of small communities, 
with the aim of gaining insight, in a quasi- 
literary sense, into human behaviour. At 
the same time he denounces opposing 
positions, with polemical shots at 
conjectural historical reconstruction, 
cross-cultural comparison of isolated 
“‘traits’’, natural science thinking about 
human society, and other anthropological 
practices of which he disapproves. He then 
discusses criteria and concepts of humanity 
and animality, as a philosophical and 
anthropological problem rather than a 
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purely taxonomic one. This first half : 
concludes si what is perhaps a- key 
declaration: 3 


| myself view the varieties of human society as = 
alternative systems of moral order rather than as. 
a sequence of specialized adaptations. to. 
different economic circumstances. 


In the second half, the focus shifts to a. 
closer look at what social anthropologists 
actually study. In Leach’s view, the three 
main spheres of concern to social anthro- 
pology are economy, kinship and 
cosmology (or, roughly, religion). These 

are not treated equally, Kinship, ` 

traditionally a prime concern in: 
social anthropology and one 
which extends well beyond what 
readers in modern. industrial > 
society might associate with the 
term, is discussed at some length: 
the conceptual complexities of 
the subject, andtits connections’ 
with indebtedness, power, 
alliance and so forth are 
illustrated. The interlocking 
relationships between economy, 
kinship and cosmology are also 
explored, but economy in itsown 
right is not dealt with at all, and 
cosmology only in a few pages, 
despite Leach’s particular 
interest in the subject. The book 
ends defiantly. Leach grants that 
- social anthropology is “the study- 
of the statics of social systems’’, 
despite the dynamic nature of all 
actual social systems: but 
recalling that in his earlier career 
as an engineer he found all the 
basic theory in the statics, he rests 
his case for the genuine value of 
social anthropology as he has 
-presen ted it. 
= What, then, should one make 
of all this? I find a good deal to respect in 
Leach’s cogent exposition, and up to a 
point I also find it persuasive. But I have 
reservations too. For one thing, 1 cannot 
deny a certain disappointment at. the 
proportions of the book: the first half 
seems too long for its material and the 
second too short, especially on subjects 
such as cosmology. For another, the 
vehemence of Leach’s rhetoric certainly. 
makes for lively reading, but I think he | 
overdoes it. The attacks on opponents are. _ 
apt to become overbearing, and are some 
times plain wrong. An example of the lat 
comes when he accuses ethologis 
APEN, among other thing: 








| observable. characteristics a 


tation that presumably reflects a lack of 
consultation with ethologists such as his 
Cambridge colleague and fellow 
“master”, Robert Hinde (whose Ethology 
was reviewed in Nature 296, 507; 1982). 

Other attacks — for example on Geertz 
for an ‘‘unverifiable’? statement about 
_ Balinese culture and society, on a socio- 
biological ‘‘just-so story”, and on E.O. 
_ Wilson for the ‘‘startling incompetence” 
= of his anthropology - —- may perhaps have 
-— more justice in. them. The briskness with 
which such shortcomings are dismissed 
conveys the impression of commendably 
rigorous standards: but I think one may 
_ question whether everything Leach himself 
_ says has been scrutinized equally severely, 
or indeed whether it would have been 
reasonable to do so, given the nature of the 
subject matter. A possibly more straight- 
forward issue of consistency arises within 
Leach’s own arguments. On some points, 
including important ones such as the place 
of generalizing in social anthropology, he 
seems to argue in different directions as the 
book proceeds, creating a rather equivocal 
overall impression despite the clarity of 
_ particular passages. 

It is conspicuous that Leach’s most 
forceful points are frequently negative 
ones — not only criticizing opponents, but 
closing off avenues of enquiry and inter- 
disciplinary contacts that he considers 
worthless. This no doubt reflects a 
sceptical habit of mind born of long 
experience, and in itself it seems defensible: 
indeed as an antidote to fashionable 
concerns it can be refreshing. Nonetheless, 
the cumulative effect seems to risk discour- 
aging innovation. To my surprise, physical 
(biological) anthropology is one instance 
where Leach nods respectfully in the 
direction of interdisciplinary dialogue: yet 
this seems counter to the tenor of the 
argument, and the point is not pursued. 

Finally, at a more mundane level, Leach 
is at times quite cavalier when it comes to 
matters of definition (e.g. species) and fact 
(e.g. confusing irrigation and drainage in 
New Guinea agriculture). 

Like Aubrey Manning in his review of 
Hinde’s Ethology, 1 am uncertain about 
the intended audience of the Masterguide 
series. Leach’s imaginary reader is 
someone like myself at the age of twenty-five to 
whom learning about anthropology came as an 
unexpected intrusion into a deceptively well- 
organized existence. 


. Social Anthropology is lively and 
455 stimulating enough to be recommended to 
such a reader, with the important caution 
< that is also personal in flavour and erratic 
<- in approach. It is, for once, a book that 

matches its description in the cover blurb 
— ‘fascinating and. IOS OEE E 
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structures” — a remarkable misrepresen- 
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Edn. Vol. 1, Etiology: Chemical and 
Physical Carcinogenesis. Edited by 
Frederick F. Becker. Pp.714. ISBN 
0-306-40701-9. (Plenum: 1982.) $69.50, 
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RESEARCH into cancer embraces an 


enormous range of disciplines, yet a broad 


understanding of the subject as a whole is 
necessary if the specialist investigator is to 
exploit the best opportunities available and 
is to evaluate the implications of his 
findings. A comprehensive treatment of 
cancer research, therefore, fills a very real 
need, 

In 1975 such a treatise appeared. Edited 
by Professor F.F. Becker, the six-volume 
work was splendidly produced and most of 
the chapters were both readable and 
authoritative. Publication delays inherent 
in such a mammoth undertaking meant 
that the literature was only covered until 
1973, and this most useful source is now 
only of value in some restricted areas, The 
pace of cancer research within the past 
decade has been rapid in most areas and 
some have changed out of all recognition. 
At the cellular and sub-cellular level the 
new techniques of gene cloning, pro- 
duction of monoclonal antibodies and the 
isolation and characterization of growth 
factors have provided a plethora of new 
facts and theories which supersede much of 
the earlier work. 

A second edition of Becker’s work was, 
therefore, keenly awaited and a revised 
version of Vol. 1 has now appeared. This, 
unfortunately, is a great disappointment 
because attempts to bring it up to date have 
been very patchy. The second edition 
contains 40 per cent more pages, but this 
increase is largely accounted for by the 


introduction of three new chapters and the 
extensive revision of three chapters dealing 


with the metabolism and biochemistry of 


chemical carcinogens. In all, there are 19 


chapters of which six are direct reprints of 
the first edition with no. alteration or 
additions; they contain. no references 


beyond 1973 and cover the. role in cancer | 
im- 


induction of genetics, hormones, 
munology and radiation. T here is a further 


set of chapters which, while not identical 
reproductions of the first edition, have. 


been changed only marginally and fail to 
reflect adequately the advances since 1973. 
Approximately half the book is, therefore, 
useless as a guide to the current state of 
knowledge. As a reference source to the 
older literature, these chapters have some 
worth, but why reprint them when copies 
of the first edition are readily accessible in 
so many libraries? 

‘Much of the remainder is made up of 
some quite excellent contributions, 


however, which are of value both to those 
_ who wish to gain a general feel of the field 





as a whole and to researchers directly 
engaged in the area reviewed. In general, 

they do not suffer greatly from the fact 
that, even in the new chapters, the 
literature is only covered until 1979. 
Notable amongst these are the chapters on 
cytogenetics by P.C. Nowell, epidemiology 
(V.F. Guinee), the metabolism (J.H. 
Weisburger and §.M. Williams) and inter- 
action with nucleic acids (S. Rajalakshimi 
et al.) of carcinogens, and two articles on 
the two-stage mechanism of carcinogens 
by, respectively, I. Berenblum and E. 

Farber. What a pity that these articles were 
not published by themselves, since it is 
difficult to recommend the purchase of an 
expensive book in which virtually half of 
the contents are available in an earlier 
edition. s 





Peter Alexander is Professor and Head of the 
Division of Tumour Immunology at the 
Institute of Cancer Research, Sutton, Surrey. 


Fusion forever 
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In 1930, the installed electricity generating 
capacity of the Soviet Union was 2.$ 
GWatts. According to Professor Teller’: 
introduction ‘to these books, the entire 
supply of Leningrad — perhaps a third o: 





the 2.9 GWatts — was offered to Georg: 


Gamow‘ for experiments to create th 
fusion-energy-producing temperature ther 


-recently suggested as the source of the 
limitless solar energy. 


The offer (write: 
Teller) was refused. Today, over 50 year: 
later, we can anticipate such experiments a: 
the Joint European Torus in Europe anc 
the Tokamak Fusion Test Reactor. ii 
America coming into. operation next year 
they indeed use power supplies of th 


. magnitude offered to Gamow b: 
- Bukharin. The publication ofthese presen 


volumes, the first ina new series describin: 
the state of fusion research and the hope 
and uncertainties of the researchers, is thu 


. very timely. 


The first eleven chapters of the tw 
companion volumes comprising Vol.1 ar 
devoted to accounts of research on th 
confinement of hydrogen isotopes b 
magnetic fields, A further two chapter 
describe the methods proposed to heat th 
plasma to the required 100M* 
temperatures; and the final three chapter 





-describe the work on technology and 
engineering carried out to explore the 
- possibility of practical extraction of power 
"from the hoped-for large-scale fusion 
reactions. 

Each chapter is largely self-contained, 
written by a leading authority at a 
hich, though demanding concen- 
, will be rewarding for many 
sists and engineers outside this field 
esearch. At the same time, for special- 













_ about 1980) and have excellent, though 
_ hot exhaustive bibliographies. Each 
contribution is concerned with theory and 
experiment in one of the main configur- 
ations of magnetic field which might form 
the basis of a reactor: the Tokamak, the 
. Stellarator, the Mirror Machine, the 
- Reverse Field Pinch and so forth. This 
“form. of presentation has the advantage 
that it is relatively easy to comprehend the 
state of play in each of these approaches, 
“even if the reader will sometimes have to 
take into account what is not said as well as 
what is. The disadvantages are that there is 
some duplication of material; that the 
overall presentation of confinement 
physics is somewhat haphazard; and that 
important investigations of magnetic- 
confinement using systems, such as the 
Levitron, not regarded as the basis of a 
“reactor, are omitted. 
The balance of the material reflects that 
of the current research programme in the 
United States, with major articles on the 


theory and experiment of Tokamaks and. 


Mirror Machines, respectively; whilst the 
Stellarators, though a pioneering achieve- 
ment of the early US programme, are here 
dealt with relatively briefly. Some of the 
contributions bring together important 
material hitherto unpublished or widely 
scattered throughout the literature, 
notably the short chapter on the so-called 
ELMO (after St Elmo’s fire) Bumpy 
Torus, and the chapter on Advanced 
Fusion Reactors. Others — those on the 
¿Tokamak system and on Magnetic Fusion 
Reactors — achieve a mastery over a vast 
literature for which both specialists and 
non-specialists alike will be grateful. 


Professor Teller’s own chapter and his- 
assembly of authors and material has- 


ensured that there. is now. ‘available for 
graduate engineers: and physicists in 


-general — as well as for the specialists —an 
‘up-to-date account of the main features of 


the physics and engineering of magnetic 
confinement fusion. | 
On the wider issue of whether or not this 
research will finally come to fruition, the 
-book offers a combination of long-term 
confidence and short-term caution 
appropriate when the main ideas are 
‘subject to the imminent test of major 
experimentation. te 





R. $ Pease is the UKAEA’s Programme 
‘Director for Fusion Research, and is current! ly 
Chairman of the International Fusion Research 
Council.. | 


ists in fusion research, the articles are 
mprehensive, accurate, up-to-date (to 





Between the laboratory and the patient 
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Biomedical Innovation. Edited by Edward 
B. Roberts et al. Pp.395. ISBN 
0-262-18103-7. (MIT Press: 1982.) $30, 
£17. 





Mosr of us would agree that an ideal model 
for biomedical innovation, the process by 
which new diagnostic and therapeutic tech- 
nologies are conceived, developed and dis- 


seminated would look something like this: 
a strong, adequately funded, basic research 
capability; prompt evaluation of the new 


procedure by well-designed clinical trials: a 
favourable balance of benefits and risks; a 
well-informed public, able to appreciate 
the consequences of treatment; timely 
application of the medical technology to 
the relief of human suffering; translation 
of the results into appropriate standards 
for general clinical practice; and continued 
monitoring or surveillance for long-term 
effects. The authors of Biomedical Inno- 
vation make it clear how far we are from 
achieving such perfection. 

We are encouraged at the outset by 
Julius Comroe, who recounts the 
landmark studies in which he and the late 
Robert Dripps documented the benefits of 
strong basic science. Comroe and Dripps 
conducted a six-year study of the top ten 
clinical advances in cardiovascular- 
pulmonary medicine between 1945 and 
1975 to determine whether they were 
mainly the result of targeted or of 
untargeted research. Their study was, in 
fact, a response to a Department of 
Defense study of weapon development 
which had concluded that scientists were 
most effective when. their effort was 
mission-oriented. The Comroe—Dripps 
study, based on an examination of 4,000 
published articles, came to the opposite 


conclusion: that the great advances in the 


treatment of cardiovascular disease were 
based on a strong, undirected, basic 
research effort. Since this process is already 
established, the message is a simple one: 
don’t meddle. 


Prompt evaluation, or the process of 


“knowledge yalidation’’, is described in 


fascinating © detail by Robert Levy and 
Edward Sondik of the. National Heart, 
‘Lung, and Blood Institute (NHLBD — the 


mune: steps by which the Institute 
decides’. 


which of a possible portfolio of clinical trials 
should be undertaken given that these trials 


draw funds away from the support of 


knowledge acquisition. 


One could almost believe that the 15 per 
cent of its extramural budget devoted by 
NHLBI to clinical trials is a sufficient 
investment in evaluation. Unfortunately, 


NHLBI appears to be the exception, for: 


ample evidence is presented elsewhere in 
Biomedical Innovation that current efforts 
at clinical evaluation are inadequate. 





Worse, we now know that the current - 
federal administration, as a matter of | 
policy, intends to reduce further its invest- 
ment in clinical trials in favour of support 5 
for basic research. 
However unsatisfactory the record. of. 
clinical evaluation may be, the goal of a` 
well-informed public (‘‘informed 
consent’’) appears to be even more distant. 


While providing no new insights, Laurence. 


Tancredi calls attention to four of- ‘the. 
major. unsolved conceptual problems of. 


_ informed consent: the ability of the patient 


to comprehend the information provided ` 


by physicians; the nature ofthe judgements > 
made under this uncertainty; the placebo .. 
effect; and the accuracy of available data... 
He concludes that these conceptual issues”. 

‘create serious questions about the validity ~~ 


and meaningfulness of informed consent 


as a protective device’’. In his pessimistic — 


appraisal, Tancredi slights the evidence of 


randomized trials demonstrating improve- 
ments in patients’ understanding of the 
implications of treatment and even inthe. ~ 
medical outcomes. Nonetheless, although: 


there are indeed many obstacles to an 
effective informed consent process, there 
have been undoubted gains in the effective- 
ness with which information can be made 
available to the patient. Emphasis on the. 


timing of information, as well as appro- = 
priate levels of vocabulary and organ-__ 


ization, have increased patient comprehen- 
sion and thoughtful decision-making. 
Timely application of new medical tech- 
nology is barely mentioned as an issue, 
which seems odd in view of the recent 
discussions of the so-called ‘‘drug lag” in 
professional journals and the lay press. 
Acknowledging the past existence of ‘‘con- 
siderable lag time’’, the editors, in an intro- 
ductory chapter, state that ‘‘whether lag 
time exists today is essentially unanswered 
... but... is a concern we must con- 
tinually. explore”. Unfortunately the 
reader searching for enlightenment on this 
thorny and controversial issue will be 


| disappointed. 


We now come to the unresolved issue 
which Donald Young calls “deficiencies in — 


< the communication of research results”. 
Dr Young examines the dissemination of 


findings from two large clinical trials, the — 
Veterans’ Administration Cooperative 
Study of Surgery for Coronary Artery 


Disease and the NHLBI Cooperative Study 


of Unstable Angina Pectoris. On the basis 
of these two studies, he concludes that the 
published medical research literature is 
largely irrelevant to the information needs 
of practitioners and that there is in- 
adequate guidance for practising | 
physicians attempting to resolve the- 


frequent conflicts encountered in clinical 


trial results. The issue he raises, the lack of 
evaluation of medical technology that- 
reflects users’ needs, is a theme that recurs 




































































“surprising; ‘in * Gomparison -with basic 
“research, and despite their undoubted 
worth, evaluation studies have been 
- woefully underfunded. 

The final phase of our model, continued 
monitoring or surveillance, may be the 
most neglected. Herbert Klarman, in his 
chapter ‘‘Measuring Economic Effects of 
Biomedical Innovation’’, declares that 
monitoring the effects of technology is in- 
herently superior to- forecasting as a basis 
=. for. planning. He even suggests that 
“monitoring could serve as a basis for re- 
imbursement.of physicians and hospitals, 
‘and that this might be a better way to 
= regulate biomedical innovation than 
É certificate-of-need, which depends on 
F sting. Great Britain has, of course, 
already opted for earlier introduction of 
_ drugs, relying more heavily on post- 
marketing surveillance. In the United 
States, unfortunately, and despite 
extensive professional debate and 
encouragement, no comprehensive pro- 
gramme öf post-marketing surveillance is 





W. G. Richards 


Polyatomic Molecules: Results of ab Initio 
Calculations. By Robert S. Mulliken and 
Walter C. Ermler. Pp.431. ISBN 0-12- 
509860-X. (Academic: 1982.) $49, £32.40. 








CHARLES Coulson once suggested that the 
acronym MO should stand for Mulliken 
Orbitals rather than for Molecular 
Orbitals. Robert Mulliken was one of the 
originators of the method of obtaining 
solutions of the Schrödinger equation for 
molecules in a manner paralleling that used 
for atoms, each electron having its own 
individual function or orbital. How 
heartening, then, that the great man should 
still be active and at the forefront of the 
discipline. Not for Mulliken the contempt 
for computers; he seizes on the power 
which can produce accurate functions and 
a precision in computed properties which 
may on occasion rival that available from 
experiment. 

Together with Walter Enmler, in this 
book he presents a comprehensive survey 
of ab initio calculations on polyatomic 
molecules. The epithet ab initio may some- 
` times give a spurious impression of quality; 
`. merely: performing all the integrations 
implied in a Roothaan—Hartree—Fock 
calculation does not cover over defects in 
` the original theory. In an introduction the 
authors do go beyond the minimum 
-required by their title, discussing matters 
such as configuration interaction, electron 
. pair and many-body approaches to 
improvement of wavefunction, as well as 


pseudopotentials. _ 
Subsequent e sa treat geheral 


other anoi in a Biomedical Inaavalioh..i: is 
“research on research’’ — the study of the 


research process as revealed in the medical 


literature. Much of their material has been 
published in other forms previously, and 
sadly the opportunity to use this collection 
to develop a cohesive and comprehensive 
thesis has been largely missed. But it is too 
much to expect a multi-authored book 
emerging from a three-day conference to 
read as if it were the product of a single, 
all-knowing intelligence. Rather, it is a 
valuable collection of essays that contains 
much useful information and many 
insights. It will be a convenient source- 
book for those who wish to understand the 
current process of biomedical innovation 
or who choose to write about it in the 


Poy 


future. E 





John P. Bunker and Jinnet Fowles are in the 
Health Services Research Program at Stanford 
University. 


Mulliken on molecular orbitals 


classes of molecules, for example AH;; 
AB,; ABC; molecules with specified 
symmetry; reaction surfaces and organic 
compounds. In every case general con- 
siderations are followed by specific results 
obtained for individual molecules. 
Copious references mean that this is a very 
comprehensive survey, invaluable to 
theoretical chemists, to spectroscopists and 
to the growing band of those who describe 
themselves as computational chemists. 
The appetite for this type of work shows 
no sign of abating and indeed it is being 
stimulated by developments in computer 
hardware. Cheaper and more powerful 
minicomputers mean that experimental 
chemists can run ab initio calculations for 
themselves using freely available programs 
obtainable from the admirable Quantum 
Chemistry Program Exchange run from 
the University of Indiana. At the same 
time, the new breed of supercomputer with 
vector and array processors offers the 
chance of doing extremely accurate 
calculations on molecules which were until 
recently too complex to be contemplated. 
Although there is no hint of a plateau in 
the output of quantum mechanical 
calculations the book is timely in that it 
surveys the field, describing what has been 
done before the new machines have a 
major impact. E 





W, Graham Richards is a Lecturer in the Physical 
Chemistry Laboratory at Oxford University. 
The iatest volume of his Bibliography of AbJnitio 
Molecular Wavefunctions covering 1978-1980 
was published by Oxford University Press last 
year. 


Peter W.J. Rigby 


DNA Tumor Viruses, 2nd Edn revised. 
Edited by John Tooze. Pp.!,073. Hbk 
ISBN 0-87969-142-5; pbk ISBN 
0-87969-141-7. (Cold Spring Harbor 
Laboratory: 1981.) US hbk $75, pbk 
$32.50; elsewhere hbk $90, pbk $39. 











Tuis revision of the bible of DNA tumour 
virology is to be warmly welcomed. That 
reprinting should be necessary within 18 
months of publication of. the original 
edition emphasizes the value of the book, 
and the editor is to be congratulated on 
having seized this opportunity to improve 
the text considerably. 

The basic material is unaltered but the 
book has been updated by adding sup- 
plements to nine of the thirteen chapters. 
These supplements vary considerably in 
length and comprehensiveness, but they do 
describe the recent major advances in the 
field. The additional material deals 
effectively with such topics as polyoma 
middle T-antigen, the pS3 protein 
associated with large T-antigen in SV40- 
transformed cells and the molecular 
biology of BKV, thus obviating criticisms 
expressed in my review of the original 
book (Nature 289, 332; 1981). The appen- 
dices of DNA sequence data have been 
considerably enlarged. The SV40 sequence 
has been modified to take account of the 
extra nucleotides, and another welcome 
addition to this section is a tabulation of 
restriction fragments. The sections on 
human adenoviruses contain a large 
amount of fresh sequence data and there 
are new appendices dealing with simian and 
murine adenoviruses and adenovirus- 
SV40 hybrids. 

The book now contains some 1,100 
pages which, at a price of less than $4C 
for the paperback edition, represents 
extraordinary value. The appearance of ¢ 
paperback version is the most pleasing 
aspect of the revision as the book is now 
within the economic reach of the many 
advanced undergraduate and graduate 
students who ought to own a copy. This 
excellent volume will be, for many years tc 
come, compulsory reading for everyone 
with an interest in any aspect of DNA 
tumour virology. Es 





Peter W.J. Rigby is a member of the Cancei 
Research Campaign Eukaryotic Moleculai 
Genetics Research Group and a Senior Lecture: 
in Biochemistry at Imperial College, Universit. 
af London. 


@ The National Physical Laboratory ha: 
recently issued a second edition of thei 
information poster, Units of Measurement. 
The chart summarizes the SI system anc 
illustrates how the units are realized at the 
NPL. It may be obtained by writing tc 
Information Services, NPL, Teddington 
Middlesex TW11 OLW, enclosing a stamped 
addressed C4 envelope. 

































































Just over two hundred years ago, when James Watt had 
developed his crucial improvement of Newcomen’s steam engine, 
it seems not to have entered the heads of the British Parliament or 
of the Prime Minister of the day (the Marquis of Rockingham in 

_ the second half of 1765) to set up a committee to recommend how 
_ this important innovation could best be exploited. But, in the 
- event, for the best part of the succeeding century, Britain profited 
enormously from James Watt’s doings. So what is so different 
- nowadays? That is what the present British government should 
ask itself before setting out to reply to the latest contribution to 
the stream of unsolicited advice it has been given in the past few 
- years about the exploitation of biotechnology. Two years ago, a 
committee under the late Sir Alfred Spinks tried to persuade the 
government that it had an important role to play. A year later, the 
government issued a defensive and temporizing reply. Now, the 
Education, Science and Arts Committee of the House of 
Commons has predictably (see page 507) complained that the 
government has done too little about Spinks, and makes a string 
of suggestions of its own, some sensible and some not. The form 
- now would be for the government to produce another defensive 
F reply: and for some other committee to protest that the reply is 
_ unsatisfactory And so the cycle would continue. Because the 
_ process would do- nothing (except perhaps harm) for 
_ biotechnology, the government should now bend its energies to 
asking how far it is prepared to go to create a climate in which 
‘Innovation can flourish again. 











Communication 

To go back to James Watt would do no harm, as a 
consideration of the advice the government was offered last week 
will readily show. Thus the House of Commons asks that there 
should be a “formal channel of communication’’ between the 
_Department of Industry (a huge department of state) and the 
- University Grants Committee (a tiny and constitutionally 
‘ambiguous entity responsible for saying how what the 
-- government decides should be spent on universities should be 
divided among them) so that the former can tell the latter what it 
- has already told the committee (and in public) — that it would like 
-to see more of the universities’ resources spent on science and 
technology. Can that channel of communication really be 
necessary? Simple-minded people might think that Mr Patrick 
Jenkin, the industry man, might simply write to Sir Keith Joseph, 

- the education man (who also happens to be his predecessor), 
asking him to use his influence with the grants committee, to 
which he has in any case recently taken to writing open letters (see 

= Nature 22 July, p.313). Or perhaps the two ministers might 
5 -exchange a few civil words after some convenient meeting of the 
abinet to which they both belong? ‘‘What about a trenchant 
ostscript, Keith, to your next letter to those ... people?’’, 
atrick might ask. By now, both participants know too well that 
ich strategems will have no effect. For neither of them can speak 
sly to the other until what he thinks he might say has been 
ylemnly considered by his own civil servants and then, perhaps, 
y an. interdepartmental committee (which takes even longer to 
nge). And the House of Commons committee, 
ns ir mie an defence a me eo finds itself 
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mes Watt and biotechnology | 


ay The British government is being deluged by advice about the proper exploitation of biotechnalos: 
` which is in itself a symptom of what is wrong. The government should think of cutting loose. 


British Industry and the major clearing banks are at their wit 


. present government, a victim of circumstance its histori: 


_ for the channel of communication between the 





committee. Is that how steam engines might have been exploited? 

Of course not. The Marquis of Rockingham knew that by 
instinct. Why is the present British government, whose political 
inclinations are not very different, by comparison so diffident 
unsure? Watt's steam engines made their way in the eighteenth 
century, and then made the nineteenth century for Brit 
because there was an army of British manufacturers who fo 
their way to Watt’s door (and later to that of Boultonand Waitt) 
place an order and to risk the money that went with it in the he 
of being able to keep ahead (make a better i profite or win > 


that apa expenditure (on, say, a steam engine) was ad 
replacement for current expenditure and not, as it is at pres 
partly the purchase of a capital asset. The mechanisms of trade 
were also primitive, so that competition was less ferocious and, as 
a consequence, profit margins higher. But there were also people 
who thought the game worth the candle, who were prepared to 
take a risk — the risk that they might be wrong. What has 
happened to them? And if they have disappeared for good, what ? 
is being done to recreate them? So far, it seems, not very much 
Yet it is also plain the British government, three years after il 
election, is at a turning-point in its industrial affairs. Originally 
the promise was that reducing income tax would create what wer 
called incentives, persuading people to spend their tax rebates on 
industrial investment. That stratagem seems not to have worked 
as planned. But the government at the outset planned to pull back 
from the direct management of industry, selling off bits and — 
pieces of previously nationalized industries wherever it could, on 
the grounds that governments are inherently bad managers but | 
also because it had become impossible to finance the annual- 
capital investment of major industries together with the increased’ 
social costs that modern states must pay out. The past few weeks © 
have been a great disappointment. The state communications — 
monopoly, British Telecom, is to be sold but not until after the- 
next election. British Aerospace (which works primarily for the 
government) may have half-gone, but British Airways is destined 
to make such a huge loss in the present financial year that is. 
unlikely to be saleable next year at more than the scrap value of its 
equipment. The hope that British Steel will be saleable has. faded 
as the prospect has increased that its next reported loss will be 
getting on for two per cent of the GNP. Yet the. Confederati: 


ends to know what should be done to keep quite substanti 
companies in business, while unemployment is well above thre 
million, Who, in these circumstances, will suppose that the futu 
for the British economy lies in the creation of a channel « 
communication between the Department of Industry and t 
University Grants Committee? = 














De-industrialization 


The truth is that the de-industrialization of Britain is alr sad 
well-advanced. After a decade of gloomy speculation o 
theme, the prospect is now within sight of becoming a reality. 















claim, has to choose between the stark alternatives that | 
— gracefully to let the process continue (but neverthele fi 


























































‘exploitation of biotechnology i is largely empty of constructive 
content (because it supposes that all innovations will be 
onducted within the framework to which all have grown 
iccustomed), the fact that there is so much of it must surely be a 
Sign that something needs to be decided. 

-The case of biotechnology is marvellously illustrative of what 
es ahead. Popular legend has it that laboratory discoveries in the 
nmediate past could be made the foundation of a brave new 
ndustry, one so productive and profitable that, with a little luck, 
some entrepreneurial government might succeed as James Watt 
id. Modern biotechnology will indeed change the world in 
welcome ways, but not necessarily more profoundly than it has 
done so already. (Where would we be without bread, or cheese, or 
wine?) Equally, however, it is certain that in the long run the 
benefits will accrue to those commercial organizations that are so 
technically and financially strong, or so imaginative and fiscally 
free, that they can make the best bargains with their present 
customers and an uncertain future. Inevitably, of course, in the 
intervening years or decades, many small enterprises will spring 
into being (and some may even prosper in the long term), but 
those responsible for founding them will only rarely make their 
marks by becoming household words, names on some 
pharmaceutical package or other new commodity. Most will be 
-Content to sell out to larger partners, and some will be glad to do 
$0, Those doubting that calculation should consider what 
‘happened to the manufacturers of automobiles who set out a 
- eentury ago on their endeavour. The difference, now, is that the 
market, both for products and people, is international. The 


~ House of Commons committee at least knows that. 
» - So why should not Britain follow in biotechnology where the 


is government of France appears to be going in its attempt to makea 
pew electronics industry (see page 507)? Because the British have 
been through that, most recently in the 1960s. Many of the 
«projects mounted then in the belief that profligate public 
| investment in new technology must be virtuous are only now 
being painfully abandoned — the aluminium smelter in the north 
of Scotland, for example. What has stuck in the British mind is 
_ merely that this is a recipe for an inflation rate that is 
_ insupportable. If the French avoid that painful trauma, it will be 
because their civil servants are more businessmen than 
bureaucrats. 

The British government’s concern, in the face of the conflicting 
_ advice being showered on it, must be to give British industry a 
-sporting chance of survival. How should that be done? Most 
committees with an opinion on the subject say that British 
universities are even in penury remarkably productive of good 
fundamental research, but the research councils’ own committee 
-Of officials acknowledges that the peer-review system may inhibit 
applied research in universities (see page 507). That is not, of 
. course, a contradiction but a simple consequence. Who is to 
change it, and how? Certainly there is no room for change within 
he present system, although there might be if universities were 
enuinely autonomous and not as at present constrained by an 
idious numerus clausus applied to their total size. The time has 
probably come when the British system for research support must 
ollow the course being followed by universities in the United 
tates, looking for closer links betwen universities and industry 
with all the discomfort that must follow), in which case tax 
oncessions are necessary — not merely matters to be studied. 

while the research councils themselves are probably quite 
ble managers of their own research and development, there is 
y little to be said for allowing them to continue as they are while 
vork they do might as well be done in the more flexible (and 
rhaps cheaper) environment of the universities. The House of 
mmons committee is right to say that change is overdue, but it 
ję imates the degree to which the necessary change must be 
ical. A. formal channel D communication- Pein the 

















: het torrent of advice that the government i is now given about the: 


President Reagan is more flexible about India 


than his predecessor, but still has much to learn. 
President Reagan’s diplomacy is better than that of his pre- 


decessor, Jimmy Carter, at least where relations with India are | 


concerned. By working out an ingenious way round the impasse 
over the supply of nuclear fuel to India (see p.503), Reagan has 
extricated US diplomacy from the trap created by Carter, who 
campaigned against nuclear proliferation, supported the 1978 
anti-proliferation act but then had to bend to Indian pressure and 
send nuclear fuels to a state that has consistently refused to 
forswear the development of nuclear weapons. The relief that 
greeted the Tarapur deal last week in Washington indicated that a 
thaw in US—Indian relations is overdue. But a thaw does not solve 
the problems of that part of the world nor signal a clear path for 
future US diplomacy. Indeed, the Tarapur deal may be a little too 
cynical. After all, why should the United States, with its long 
record of efforts to prevent proliferation, bow to a nation that 
was the chief opponent of the Nuclear Non-Proliferation Treaty, 


and which mightily inflamed the nuclear ambitions of other 


developing countries with its ‘‘peaceful’’ nuclear test in 1974? 
Why should Mrs Gandhi, who otherwise seemed to be bearing 
olive branches to Washington last week, keep the nuclear 
weapons option open? ‘‘We do not have nuclear weapons’’, she 
told a gathering at the National Press Club, sounding faintly like 
those Israeli generals who always deny that Israel has 
‘“‘deliverable’’ nuclear bombs. Most people, especially the 
Pakistanis who seem to be bent on a nuclear weapons capability of 
thier own, assume that India could use a nuclear weapon if it so 
chose. Is it not, after all, an emblem of India’s advanced science 
and technology? India says the reason for keeping the nuclear 
weapons option open is Pakistan, and has been highly critical of 
the new $3,200 million dollar arms package the Reagan 
Administration has put together for India’s worst enemy. Ever 
since the Soviet invasion of Afghanistan in 1980, Washington has 
tried to treat the Pakistani government as some kind of Western 
bulwark. Yet the military aid, as usual, seems not to be going to 
fortify Pakistan defences along the Afghan border as intended. 


4 


According to Mrs Gandhi, the arms keep massing on the Indian 


border, and attempts to sign a ‘‘no-war pact” seem always'to end | 


in failure. 

This is one reason why Mrs Gandhi was in Washington last 
week: to rectify the long-standing impression that India ‘‘tilts’’ to 
the Soviet Union, and thus is forcing Washington to “‘tilt’’ to 
Pakistan. Asked point-blank which way India is tilting these days, 


Mrs Gandhi told a reporter “We stand upright’? — and her _ 


American audience applauded. She also hinted that it might be 
possible for the Soviets to leave Afghanistan under some kind of 
negotiated agreement — a development that would also remove 
Washington’s need to support Pakistan. But such global 
machinations could hardly be carried out in a single state visit. 


“Our main purpose is to put across the Indian point of view” she | 


explained. She appeared to imply that she would be returning to - 


Washington. 

Mrs Gandhi also had a more specific purpose: to persuade the 
President that India needs substantial low-cost loans from other 
governments and international lending institutions if it is to 
become the kind of free-enterprise state the President would 
admire. On this point, however, she did not succeed. Although 


she stressed India’s progressive Western-oriented view of _ 
development — hence India’s interest in bilateral science — 
cooperation with the United States — she failed to turn that _ 


impression into money. Apparently the President insisted that 
there could be no increase of the US contribution to the 


International Development Association (which mainly lends to 


India) and urged her to borrow in the commercial markets. So. 


President Reagan has extended a handshake even while denying 


India a scrap of extra money to aid Indian development, science — 


and technology. Iti is aes for ne President to be that Dan out He | 


is it we 










w Science 
agreed 
Dut no money 


Washington 
© Indian Prime Minister Mrs Indira 
© Gandhi made her first visit to Washington 
in 11 years last week, during which she and 
President Ronald Reagan announced not 
only a settlement of the long-standing 
_ dispute over nuclear fuels for the Indian 
- huclear reactors at Tarapur but also a new 
2 high-level agreement on cooperation in 
| ‘Science and technology. 
_ Like the agreements on science that 
: ‘Washington signed with Moscow and later 
: with Peking in the early 1970s as a prelude 
to. improved relations, the science accord 
could signal a new period of stable relations 
between Washington and New Delhi, 
which have been troubled for some years 
` (see opposite). 
In a day and a half of meetings with the 
» President, members of Congress, the press 
- and. scientists, Mrs Gandhi made it clear 
_ that India does not consider itself a suppli- 
cant for US aid monies or hand-me-down 
technology from the United States. In a 
_ talk to the American Association for the 
c Advancement of Science, she stressed 
India’s strong: indigenous high-science 
‘traditions, which have included world- 
class contributions in many basic fields. 
“It is an inherent obligation of a great 
country such as India, with its traditions of 
scholarship and original thinking and its 
great cultural heritage, to participate fully 
in the march of science’’, said Mrs Gandhi, 
- quoting from the latest resolution on 
: national science policy. 
_ On the other hand, India most needs 
_$cience and technology to serve develop- 
-ment down to the village level as with the 
“fitting of tyres on bullock carts and the 
use of biogas plants’’, she said. 
The new accord establishes a committee 
to be chaired jointly by Dr George A. Key- 








worth, the President’s science adviser, and - 


Professor M. G.K. Menon, chairman of the 
Indian Science Advisory Council. Other 
‘members have still to be chosen. The 
committee should produce suggestions for 
collaborative work by early next year, 
according to the White House, But the new 
group, while enjoying prestige, has not had 
-any money allocated to it and it is not clear 
how any programmes it suggests will be 
led out or funded. 
Nyle C. Brady, senior assistant admini- 
ator of the US Agency for International 
Development, who will help to select the 
‘members of the committee, says that some 
ects could be funded by reshuffling the 


sting $80 milion i in ish cok aid that his 

















agency gives to India each year. He esti- 
mated that 10-20 per cent of the money 
now goes on projects based on science and 
technology items. (Mrs Gandhi also tried to 
persuade the President of the importance of 
concessional financing to India for general 
development, but her arguments are said to 
have fallen on deaf ears.) 

Likely areas of collaboration suggested 
by Mrs Gandhi and US officials include: 
@ Biomedical research to control leprosy, 
tuberculosis and waterborne diseases. 
India claims recently to have made 
advances in the control of leprosy, while 
US investigators are the source of its only 
natural host for experimental infection, the 
nine-banded armadillo. 

@ Nutritional blindness associated with 
severe vitamin A deficiency, a leading 
cause of blindness in many developing 
nations. Related work is already under way 


France to supply Tarapur fuels — 


Washington 

A major problem in US-Indian relations 
was removed last week when President 

Ronald Reagan and Prime Minister Indira 
Gandhi announced that they had resolved a 
long-standing dispute over whether the 
United States should continue to provide 
low-enriched uranium to Indian reactors at 
Tarapur, outside Bombay. 

The two heads of state announced that 
the reactors would be able to keep oper- 
ating because fuel would be provided by a 
third party, France. This circumvents a 
1978 US law that appears to supersede the 
1963 agreement and effectively bars US 
shipments to Tarapur. In return, India will 
continue to observe safeguards operated by 
the International Atomic Energy Agency. 

Under the 1963 agreement, the United 
States became the exclusive supplier of 
low-enriched uranium to Tarapur. In 
return, India promised to observe bilateral 
safeguards, 

But in 1978, Congress passed the nuclear 
anti-proliferation act which prohibited US 
export of nuclear fuels to any country that 
had not signed the 1968 Non-Proliferation 
Treaty. India has deliberately remained 
outside the treaty, so the act seemed to pre- 
vent continued shipments to Tarapur. 

Under pressure from the Indian govern- 
ment, President Carter in 1980 used a pro- 
vision in the 1978 act to authorize shipment 
of 38 tonnes of enriched uranium to 
Tarapur anyway. As recently as April 1981, 
the Reagan Administration was reported to 
be ready to cancel the 1963 agreement, and 
India was reported to be threatening to 
stop observing safeguards at Tarapur. 

Under the new agreement, however, 
both the 1963 agreement and the 1978 act 
are upheld. The United States will not 


supply fuel to Tarapur — instead, the 
French will do ‘SO. But there. are some. a d 


in the United States, and US- 
collaboration is taking place 

National Institute of Nutriti 
Hyderabad. : 


possible vaccines as anti-fertility m 
` © Agriculture and biomass. Indi 
achieved self-sufficiency in grain 
duction, a remarkable achievement 
nation of 700 million People. But, as Mi 
Gandhi told reporters in Washington, mo 
modern grain production increases ci 
sumption of energy. Energy conservation 
and cheap energy production are 
important priorities for the achivement of 
future increases in food production an 
overall standards of nutrition. The U 
Department of Agriculture and the land- 
grant colleges already contribute to ‘this 
work. : 


sticking points, such as India’s continued. ; 
insistence that, under the 1963 agreement, 
it does not need US permission to reprocess 
spent fuel from Tarapur. It is estimated — 
that there are 200 tonnes of fuel at Tarapur, — 
100 tonnes in the form of spent fuel and 
another 100 tonnes in the reactors. If all 
this were reprocessed into weapons grad 
material, it could be enough for 100nuclea 
devices. 


proliferation, Representative Jonathan 
Bingham (Democrat, 
Senator John Glenn (Democrat, Ohio), say — 
they are content with the Reagan—Gandhi 
deal. 


| French sources. ta: 






@ Birth control, especially dévelop 1€ 
























































India is especially interested in the possi- 


Two congressional watchdogs of Äuclear : 


New York) and 


Deborah Shapley 


France’s decision 


In France, the decision to supply the |: 
enriched uranium has been taken at the | 
political level; commercial questions | 
such as price have yet to be decided. 

Moreover, some political problems. | 
may still remain. For the enriched fuel 
would be produced by the Eurodif plant: 
at Tricastin in the Rhône valley an 
Eurodif is not French but an 
international. consortium of France, 
Italy, Spain, Belgium and Iran 
Through a surviving Franco-Irania: 
company, Sofidif, Iran still owns 10. per 
cent of in Eurodif. | 

In principle Cogema, the French. 
nuclear fuel company which owns. SL. 
per cent of Eurodif, could buy the 
enriched uranium from Eurodif and re- 
sell it to India; or Eurodif itself could 
make the deal. Both arrangements. 
might be expected to require th 
agreement of the other Eur 
partners. No decision on e 

arrangement has ia: been dares 







































































Wide-World Photo 


Secretary of State George Schultz follows Mrs 
Gandhi's lead. 


bilities of genetic engineering for the 
improvement of crop yields and to produce 
quick-growing trees to provide fodder and 
firewood for rural populations. Bio- 
technology, some Indians say, is an area 
where high science and the needs of 
development meet. Last January, Mrs 
Gandhi announced the creation of a 
National Biotechnology Board, of which 
Dr M.S. Swaminathan will be chairman. 
@ Energy, minerals and materials. Indians 
are already being trained in the use of the 
Landsat satellite for mineral surveys, and 
collaboration exists in the field of earth- 
quake engineering. 

The White House explained that the new 
committee should overcome some of the 
problems afflicting the subcommission on 
science and technology formed under the 
Joint Commission on Economic, 
Commercial, Scientific, Technological, 
Educational and Cultural Cooperation. 
The commission was created in 1974 in an 
earlier effort at US—Indian detente, in spite 
of US unhappiness with India’s nuclear test 
a few months earlier. 

The science subcommission apparently 
did not include sufficiently high-ranking 
people and so was not influential enough 
with each country’s bureaucracy to get 
major projects started. The new 
committee, under the joint chairmanship 
of Dr Keyworth and Dr Menon, should not 
have such difficulties. 

In an oblique reference to the many 
meetings of developing countries, 
including one held in India last March, Mrs 
Gandhi noted that bilateral arrangements 
were the most effective path for develop- 
ment. ‘‘Global conferences end with in- 
spiring and laudable statements. But their 
commitments are seldom honoured’ she 
said. Deborah Shapley 
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Electronics industries 


French on march 


The French government last week 
declared war on world electronics* markets 
with a FF140,000 million ($20,000 million) 
three to five-year investment programme in 
the French electronics industry. After 
nuclear power (France now has the largest 
and fastest-growing nuclear programme in 
the world) and space (where the Ariane 
launcher is now competing effectively with 
the space shuttle) comes electronics, now 
clearly marked out as the technological 
programme of the new socialist France. 

The battle will begin in the United States. 
M. Abel Farnoux, principal architect of the 
French programme, is expected to move to 
an office in New York in September and 
one of his partners, M. Girard Compain, is 
to set up shop in California. Altogether, 
some ten French electronics policy-makers 
are to move to the United States this year. 

Their objective will be, in part, to learn, 
but the real French goal is the American 
market. France would seek both to 
establish French companies in the United 
States and to set up cooperation 
agreements. But so far the French 
government has given no details of 
Farnoux’s new role. The decision last week 
was to adopt the main lines of Farnoux’s 
recent report on the industry (see Nature 27 
May p.257) and to announce an investment 
figure. 

The most difficult domestic question has 
been avoided — how to reorganize the 
French electronics industry at home. The 
problem is that some of the major com- 





*The word ‘‘clectronics’’ is used to include everything from 
materials production to television sets, communications and 
computers. The French see their 10 main competitors in the 
industry to be: AT&T, IBM, General Electric, ITT, Philips, 
Siemens, Matshushita, Hitachi, GTE and Toshiba. 


Balancing the francs 


The French Ministry of Research and 
Industry is doing its best to juggle with a 
tight budget for 1983 — and to make it 
seem not too different from the 4-year 
averages recently advertised in the 
research law passed by the National 
Assembly (17.8 per cent a year in real 
money, and 4.5 per cent a year in jobs). 
The budget will not be announced before 
September: it seems likely that the cash 
target will be achieved, but not the jobs. 
This represents a political decision that 
in the short run it is more important to get 
on with research, and to re-equip 
laboratories, than to create new posts. 
The figures under discussion would give 
something like a 2-3 per cent increase in 
posts (up to 600 new positions) at the 
Centre National de la Recherche 
Scientifique, which is responsible for the 
bulk of basic science in France; 6 per cent 
(230 posts) at INSERM, which pursues 
medical research; and 3 per cent (200) at 
INRA (agriculture). The total civil 
research budget would rise the full 17.8 


























panies — such as Thomson CSF, which 
produces military equipment, telephone 
exchanges, minicomputers, microchips, 
television sets and hi-fi equipment — have 
clear ideas of their own about their 
competence and company strategies, and 
have resented the government interference 
implied by their recent nationalization. 
Thus Thomson was recently attempting 
to put its own foot in the American market 
through cooperation in the minicomputer 
market with an American company, but 
the French government stepped in and — 
despite Farnoux’s attachment to the 
United States — insisted that Thomson 
link up instead with the mostly French 
computer company ClI-Honeywell-Bull. 
This has riled the Thomson management, 
not least because the French company had 
earlier undermined Thomson’s own 
minicomputer operation with the intro- 
duction of a Honeywell system (the ‘‘Level 
6°’) despite an agreement not to do so. 
Thus internal strife may make the 
French electronics adventure less of a 
threat than it might otherwise be. 
Meanwhile, money will certainly pour into 
the industry, and that alone may give it a 
competitive edge. It seems likely that the 
government will provide FF10,000 million 
in support of component manufacture 
(basically chips); FF7,000 million in 
consumer electronics; FF15,000 million in 
computers and office automation; 
FF15,000 million in the space industries; 
FF3,200 million in industrial automation; 
FF2,000 million in scientific instrument 
manufacture; FF3,000 million in medical 
electronics; and FF4,500 million in 
software production. On top of this, the 
industry itself is expected to invest some 
FF90,000 million over the planning period 
(to 1986), a rate not far from its present 
figure. Robert Walgate 


per cent to around FF32,000 million 
(£2,700 million). 

All this takes place against a total 
government budget constrained to grow 
only 4.1 per cent in real terms next year, 
and a number of items written into the 
1983 science budget that were not 
envisaged in the law, including FF1,000 
million to help equip the science museum 
at La Villette, north of Paris, and FF500 
million to support the computer firm CII- 
Honeywell-Bull. 

Even so, the government is assuming 
only an 8 per cent inflation rate next year. 
Current inflation is in double figures. 
And in spite of the apparently large 
increases announced for 1982, the real 
increases in laboratory budgets have been 
eaten into by inflation and the weakness 
of the franc against the dollar. For 
example, despite a nominal 30 per cent 
increase, the budget of one director of a 
molecular biology laboratory in France 
this year was only 5 per cent up in buying 
power. But he was not complaining: 
‘That’s probably much better than my 
foreign colleagues”. Robert Walgate 
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he agreement that gives the British 
nology company Celltech exclusive 
to research carried out by the 
| Research Council was condemned 
eek by the Education, Science and 
Committee of the House of Com- 
s. In an interim report on its con- 
ing inquiry into British biotechnology, 
committee said that it is opposed to 
exclusivity in patent rights arising from 
. fesearch council work, and urged that the 
government should review the issue before 
the Agricultural Research Council comes 
< to a similar arrangement (see Nature 29 
July, p.412). 

The committee seems to have been 
influenced towards this conclusion by the 
„arguments of one witness that Celltech, 
having been put in a ‘‘monopoly 
- position”, must be assumed to have 

“responsibilities commensurate with its 

privileged position’’. The fear seems to be 
~ that some good ideas might not be pursued 

effectively in these circumstances. 

Consistently, the committee also 
advocates that the British Technology 
Group should be deprived of its monopoly 

“right to the first refusal of patent rights 
3 developed i in research council laboratories. 
. This goes back to 1947, when the National 
; Research Development Corporation (now 
: merged i in the British Technology Group) 
__ was given the right to. exploit (if it chose) 
= patent rights arising from publicly 
i supported research: 

On this point, the committee seems to be 
pushing at an open door: the Secretary of 
State for Industry, Mr Patrick Jenkin, told 

the committee that a consideration of this 
question was “‘long overdue’’. For the rest 
-{and apart from a proposal that British 
universities should publish lists of their 
¿members of staff holding consultancy 
agreements with industry), the interim 
-report is a complaint that the British 
-government has responded too hesitantly 
to the advice it has been given in the past 
: two years followed by a string of detailed 
recommendations for improving the 
machinery of government. 
= Thus, the committee says, the 
Department of Industry should have a 
formal channel of communication with the 
f University Grants Committee (UGC) so as 
to be able to make its opinion felt that a 
greater share of the universities’ budget 
_ should be spent on science and technology. 
-UGC should conversely be represented on 
-the department’s biotechnology committee 
“(which might raise constitutional 
_ difficulties) and should set up a ‘‘more 
-specific decision-making structure” for 

“strategic decisions about 
“biotechnology”. 

The essence of the committee’s interim 
“report is centralist — it pleads for a ‘‘more 
“coherent science policy” and in particular 
-for the restoration o of r mpport or research 



































nons ask for action 


‘within the dual support system’’. But the 
report also asks that there should bea study 
of tax incentives as a means of stimulating 
industrial links with the universities and 
more deliberate study by the British 
research councils of the earmarking of 


student training places for intending 


biotechnologists. 


Entrepreneurship 


Monsanto act 

A new venture capital fund with 
ambitions in biotechnology has been set up 
in Britain on the initiative of Monsanto, the 
US chemical manufacturer. Other partners 
in the venture include the Universities of 
Oxford, Cambridge and St Andrews, 
Imperial College London and the Nuffield 
Foundation, to whom the project is 
primarily another kind of financial 
investment. 

The new fund will have an initial capital 





of £10 million (of which Monsanto will be 


contributing a half). The fund will be called 
Advent Eurofund, and will be managed by 
a board whose chairman is Sir Kenneth 
Cork,a skilled accountant. 

The prospectus of the new fund is wide, 
covering most fields of high technology — 
robotics as well as biotechnology. The 
immediate objective is to seek minority 
holdings in new and established 
companies, investing sums between 
£100,000 and five times as much in order to 
acquire them. 

Advice on prospective investments will be 
provided by an advisory committee 
including Sir Peter Hirsch and Dr W. 
Graham Richards (both of the University of 
Oxford) and Sir Hans Kornberg (University 
of Cambridge). Dr G. Edward Paget, 
director of biomedical programmes at 
Monsanto, will also be a member. 

One member of the advisory committee 
said this week that his chief interest was to 
find ways of helping academics in British 
universities and elsewhere to turn their 
bright ideas into commercial realities. In 
the past few months, the venture capital 
scene has unexpectedly come to life in 
Britain. The merchant bank N.M. 
Rothschild has a $50 million fund for 
investment in biotechnology (mostly 
overseas), while Technical Development 
Capital, a subsdiary of Finance for 
Industry (owned by the British clearing 
banks) has also been active in the field. In 
microelectronics, there has been ill- 
informed controversy about the activities 
of Mr Jack Melchor, the Californian 
entrepreneur, who has apparently been 
testing the nerves of potential British 
businessmen by using £2 million from the 
British Technology Group to back people 
with ideas only if iney relinquish financial 
control, 


| Signs of hope 


research council grants to support 












Biotechnology is alive and we 
living in at least 22 British univer 
This is the burden of the first repo 
body of officials called the 1 
Research Council Coordinatiny 
Committee on Biotechnology 
published before the House o 
Commons report. In effect, it is the 
research councils’ reply to the repor 
prepared two years ago by a gr 
under the late Sir Alfred Spinks mee 
under the auspices of the Advisory 
Board for the Research Councils, th 
Advisory Council on Applied Research 
and Development and the Royal. 
Society. e 

The new document, emolliently out a 
of tune with that of the House of | 
Commons committee, says that even | 
before the recommendation two years | 
ago that research council spending on | 
biotechnology should be at least £31 
million a year, expenditure amounted to | 
£4 million in 1979-80 (and was more | 
than £7 million the following year), |- 

The group says, however, that it} 
cannot accept the suggestion that |_ 
successful research grant applications 
should include some in which there is 
evidence of industrial interest, but 
reaffirms the commitment of the |. 
research councils to ‘‘support the best a 
science”. F 

The research council group. also q 
resists the proposal that a small number | 
of the centres of excellence should be | 
established in biotechnology on the | _ 
grounds of ‘‘a lack of support from |- 
government’’, the breadth of | 
biotechnology and the wide distribution fo 
of relevant studies in 22 British | — 
universities. es 

The group says that British |. 
institutions must reconcile themselves } 
to the loss of a proportion of people | 
trained in Britain to posts overseas, |. 
pours cold (or at least lukewarm) water | 
on the European programme in|. 
biotechnology and raises two subversive 3 
questions for future decision. Should 
British scientists who have commercial : 
links with companies overseas be denied 


































































































































































“underpinning research’? And what’ 
should be done to equalize the rewards . 
from commercial collaboration of full- 
time members of research counci 
laboratories and their intellectual 
partners, who ‘‘stand to gain financially. 
to a substantially greater degree”? 

One of the Spinks recommendations - 
is, however, accepted — the need for. 
new mechanisms to bridge what is called. 
the ‘‘predevelopment gap’’ between the: 
bench and the manufacturing plant. 
The document acknowledges that under 
peer-review, proposals designed to 
produce useful products ‘ma 
regarded as scientifically interestin 

















































































Washington 

. Argonne National Laboratory has 
“repeatedly evaded limits on the numbers of 
taff employed by referring applicants to 
-intermediary companies known as ‘‘body 
shops”, which supplied Argonne with 
“resident consultants” in exchange for 
yverhead payments as high as 184 per cent. 
- This practice was one of several 
management irregularities at Department 
of Energy (DoE) laboratories revealed last 
“week by the Senate’s permanent subcom- 
“mittee on investigations. The laboratories, 
which are largely exempt from the normal 
‘federal contract procedures, have been the 
‘subject of a year-long investigation by the 
‘subcommittee and Congress’s General 
Accounting Office (GAO). 

` The use of the ‘‘body shops” appears to 
‘be the most serious abuse unearthed by the 
_ subcommittee. In one typical case, an 
applicant was told that she could not be 
employed by Argonne because of a freeze 
_ on engaging new staff but that she would 
-instead be offered a job by an intermediary 
< company. Her salary was $10.34 per hour; 
‘the company was paid $25.54 per hour for 
her services. After working as a 
“residential consultant’’ at Argonne fora 
: year, she was taken on by the laboratory 
~ directly. She continued to do exactly the 
_ same work, and received slightly less than 
» the $10.34 per hour she had been making as 
a resident consultant. 

- GAO found that one division at 
Argonne had spent $7.2 million for 
_ resident consultants since 1977, of which 
overhead charges by the “body shops” 
< accounted for $4 million. 

=== The practice of hiring professional 
employees through intermediaries was also 
popular in Argonne’s Washington office. 
In questioning GAO Comptroller General 
Charles Bowsher at the subcommittee 
hearings last week, Senator William Roth 
(Republican, Delaware) brought out the 
fact that the Washington office had hired 7 
nuclear engineer through Kelly Girl, 
temporary office-help agency. A aaa a 
arrangement was made through the 
Washington School for Secretaries, which 
‘uns a temporary service. A subcommittee 
staff member said that ‘‘five or six” 
professionals had been hired this way; 
„according to GAO, Argonne could have 
saved $45,000 by hiring these employees 
rectly and avoiding the agencies’ 
ommissions of up to 50 per cent. 
-Argonne appears to have used the body 
hops not only to avoid hiring limits but 
iso to circumvent its own education 
equirements. Senate investigators found 
several resident consultants who did not 
“meet the laboratory’s graduate-degree 
yequirements but who had been referred to 
d shops by the laboratory and hired by 
hem, usually to continue work at Argonne 
hat they had begun as undergraduates in 
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Argonne’s new ways with people 


Argonne’s student programme. 

The acting under-secretary of DoE, Jan 
Mares, offered a mild defence of the use of 
body shops before the subcommittee: 
“managers of these laboratories need the 
flexibility to hire temporary people’’, he 
said, especially in the face of annual budget 
uncertainties and fluctuations. 

Argonne’s official response to the GAO 
study points out that the resident con- 
sultants were needed particularly at a time 
when Argonne was being asked to shift 
quickly from a concentration on nuclear 
energy to a much broader coverage of 
energy research and development. 
Argonne says there are now fewer than 15 
resident consultants — in 1980 there were 
200. 

The need for flexibility was also the issue 
in another area, the awarding of contracts 
without competitive bidding. The national 
laboratories are allowed considerable 
leeway here — with the result, as GAO 
reported earlier this year, that for example 
72 per cent of Argonne’s contracts were let 
without bidding. At Oak Ridge National 
Laboratory, GAO found several instances 
in which the company selected by the 
laboratory was informed of the 
laboratory’s budget for the project. The 
company’s proposed costs for the project 
tended to show a remarkable agreement 
with the amount budgeted. 

The laboratories’ exemption from the 
usual federal and DoE contracting pro- 
cedures led to other abuses. DoE head- 
quarters discovered that by going through 
the laboratories, it could avoid those 
regulations in awarding its own contracts. 
Acontract official at Brookhaven National 
Laboratory, for instance, was directed by 
DoE to award $15,000 to a particular film- 
maker for production of an informational 
film unrelated to any work then going on at 


- Brookhaven. The project collapsed six 


months later when the film-maker proved 
“incapable of performance’’, according to 
the Senate subcommittee staff. It also 
turned out, said the staff, that the film- 
maker’s ‘‘only unique qualifications were 
that he was in the film business and has 
attended graduate school with a lab 
employee whose office was involved in the 
project”. 

The Senate investigators said that under 
these ‘‘directed procurements”, the lab- 
oratory officials nominally in charge of 
awarding contracts and overseeing per- 
formance were in fact used simply as 
conduits for DoE, and often did not even 
see any of the work. 

DoE last autumn issued an order for this 
practice to stop. But it is still permitted 
when the contract is directly related to the 
laboratory’s technical mission. DoE offi- 
cials told the Senate investigators that the 
procedure was sometimes necessary in 
order to cut through the red tape of the 


; ‘pro | 
" Senior Roth emphasized that he appre- 
ciated the special mission of the | 
laboratories and their need for flexibility. 
But he said there is ‘tno assurance that 
money is well spent’’ without better safe- 
guards. And he seemed less than satisfied < 
by DoE assurances that the problem of — 
directed procurements had been solved by 
last year’s order. ‘The oldest game in town 
is to issue some instruction to satisfy some — 
senator’, he said. © Stephen Budiansky 


Anthrax island island 


Why worry? — 


How do you get rid of anthrax? The. 
announcement last week in the House of 
Commons that the British Ministry of — 
Defence intends to try and clean up 
Gruinard Island has left several people 
puzzled. The island, off the north-west 
coast of Scotland, is contaminated with _ 
Bacillus anthracis spores scattered during =. 
biological warfare tests carried out during 
the Second World War. The ministry will — 
use laboratory-tested chemicals in the field - 
trial which will begin next month. What ~ 
these chemicals are and why such an oper- 
ation is now called for are not at all clear. 

Gruinard Island is in a popular tourist 
area, but has been out of bounds to man 
and animals for nearly 40 years. Scientists 
from the Chemical Defence Establishment 
at Porton Down have been testing soil 


"ALL You HAVE To WATCH ouT FOR 
Now ts THe Peaacetia Acs.” 





samples and trying to find an effective 
decontaminant for many years. A survey in 
1979 showed that viable spores of Bacillus 
anthracis lay in the top 6 cm of soil and - 
were mainly concentrated in a small areain = 
the southern end of the island. oo 

The Ministry of Defence revealed its = 
intention to carry out field trials. in — 
response to a question in the Commons by. - 
Mr Donald Stewart, MP for the Western — 
Isles, who asked how much longer the — 
island would be ruled unsafe for men and _ 
animals. The ministry plans to put a small — 
party from the Chemical Defence 
Establishment onto the island to test the | 


effectiveness of certain chemicals in .. 


destroying the anthrax spores. The 
ministry will not give any details of the 
chemicals in question. A representative of | 
the Scottish Home and Health Department 
will accompany the scientists. a 
In spite of warning notices, tourists fre- 
quently stray onto Gruinard Island. Ina 
recent incident German and a Belgian n 
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derstand the hazard warnings and 
andered — onto the island. Bacillus 
nthracis is particularly dangerous to 
mans when inhaled into the lungs — a 
kor 1 Gruinard because the spores are 
the soil. It can also enter the body 
he gut or through cuts on the skin, 
causes spreading sores. 
cially Bacillus anthracis is described 
1ypervirulent micro-organism which is 
cult to destroy. In laboratory 
itions it is susceptible to. heat. 
Peracetic acid can also destroy anthrax 
-= spores but the acid must itself be carefully 
ae handled. 
> i One knowledgeable person confessed 
_» himself perplexed as to why the Ministry of 
-Defence is making such a fuss about the 
_. island. The strain of anthrax on Gruinard is 
not as virulent as some field strains and 
infection is easily treated with antibiotics. 
_ Animals can be vaccinated against the 
_ disease and in many areas, where the 
-climate is less favourable, anthrax has been 
Successfully eradicated through animal 
-vaccination programmes. Gruinard Island, 
he said, poses no serious threat to humans. 
In the past anthrax has been found in 
-animal bonemeal feed and its presence 
<- ignored. Jane Wynn 











































-UK research councils 


ø of spoils 


One of the Jong-standing sources of 
_ jealousy among British scientists is likely to 
__ bestirred up by the decision announced last 
week to mount an inquiry into the ways in 
which research councils distribute their 
resources between. in-house research and 
-support for universities. The Advisory 
= Board for the Research Councils has set up 
- a committee under Mr J.R.S. Morris, 
chairman of the British subsidiary of the 
. oil-drilling company Brown and Root, to 
_ make recommendations on the subject 
_ early in 1983. 
The committee is a swift response to one 
_ of the more contentious recommendations 
- Of the Merrison report on university re- 
search, published last month (see Nature 10 
` June, p.445). The report said that when 
-< research councils are under pressure, 
“university support may be the only or 
hief area’’ in which they can economize. 
a judicious but ominous phrase, the 
port went on to say “we are not 
atisfied’’ that the balance between in- 
se spending and university support “‘is 
ways right’, 
~The committee also pointed out that 
during the 1970s, when government 
pport for the research councils increased 
per cent in real terms, the councils’ 
tive support for university research 
eased by only 3 per cent. This compari- 
ay, however, be misleading because 
the importance of salary. and equipment 
in in-house budgets and research 
ireapectively. 












































committee as an attempt by the academic 
scientists who account for the majority of 
members of the advisory board to increase 
the funds available for university research. 
Others ruefully recall that in the 1960s, the 
Agricultural Research Council, relatively 
and absolutely the most modest supporter 
of university research, was, on account of its 
dependence on in-house research, the target 
of the complaints that led to the Rothschild 
reorganization of civil science. 

In practice, the new committee will have 
to solve several awkward problems, not 
least that of deciding how to assess the 
present performance of the research 
councils. The accompanying chart, based 
on figures taken from the Merrison report, 
shows the use made of resources in 1978-79 
by the four research councils supporting 
research in the natural sciences. The cost of 
commissioned research is that commis- 
sioned by government departments from 
the research councils under the Rothschild 
customer-contractor principle. 

The pattern of spending by the Science 
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Research council spending, 1978-79. Spending by the 
Agricultural Research Council (ARC), Natural 
Environment Research Council {NERC}, Medical 
Research Council (MRC) and Science and Engineering 
Research Council (SERC). Source: Cmnd 8567, HMSO. 





and Engineering Research Council iS 
anomalous in that, of the £144 million 
claimed as university support in 1978-79, 
only £51 million was spent directly in 
universities, with the remainder divided 
almost equally between service laboratories 
and subscriptions to international projects. 
For the committee (which will have met 
for the first time this Wednesday, 4 
August), the most difficult task will be to 
establish criteria for deciding how the 
“Tright” balance between in-house research 
and university support should be struck. 
The chairman of the committee is thought 
to be impartial i in the sense of being as im- 
patient with the research councils as with 
academics. | 


-Even s -  Telecommunication 
ployess see the setting 1 up ‘of the. new 





depend on the competition. The consens 









Battle hots ur 


Mercury, the private telecom 
minications network licensed la 
year in Britain to compete with Bri 
Telecom, the still-public network, is abo 
to take off rather sooner than expecte 
founders (Cable and Wireless, -B 
Petroleum and Barclays Bank) 
brought foward to next spring the 
of a service in London, intended as t! 
element in a more extensive network. 

Mercury says that demand fro 
potential customers is the chief reason why 
its plans have been advanced, but there 
seems no doubt that the competitiveness of 
British Telecom is another. At the outset, 
Mercury hopes to gain some advantage 
because it will be offering high-speed 
digital transmission services, available 
from British Telecom only in the City of 
London. The plan is to do for Birmingham 
by next May what will have been done in 
London a little earlier, when the two cities 
will be linked by microwave. These two 
services are the first elements in what- 
Mercury misleadingly calls a national — 
network. The present goal (for 1984) is a. 
figure-of-eight network linking only the 
major commercial cities in central. 
England. Initially transmission within. 
cities will be by microwave radio. =. 

Initially, Mercury will be suitable only Be 
for customers wishing to send voice and 
data down leased lines at 64 kilobits or 2 _ 
megabits a second. Charges will be based — 
on standard rates per channel, independent 
of distance. The basic network is expected .. 
to cost about £50 million, but the capital: 
cost of providing a network to compete 
with British Telecom’s will be far more. 
Investment of £1,000 million over 25 years 
has been mentioned to pay for, among — 
other services, switching and possibly a ilink E 
with British Telecom. pi 

But plans for the future will depend on | 
customer demand. Mercury is in touch 
with 25 potential customers for its London 
service, and government departments: as 
well as large companies are said to be 
showing interest. Mercury believes that its. 
chief attraction over British Telecom 
digital service in London will be it 
transatlantic satellite-link. At one stay 
plans for international links had seeme 
doomed to be obstructed by Britis! 
Telecom which, as the signatory. ti 
Intelsat, is the recognized internatior 
carrier. But Mercury, which will bi 
negotiating directly with Intelsat to carry 
traffic late next year from London, 
unperturbed that British Telecom mus 
sign the contract, seeing British Telecom’, 
involvement as purely administrative. 

How successful Mercury is in attractin: 
its statutory allowance of 3 per cento 
British Telecom’s business by 1985 willalso 































































































































is that the monopoly is putting the hë: 
` Judy. Re 


































































i A gang of eurige T oae 
issued last week a call to turn the British 
educational system on its head. Calling 
itself a study group of the Royal Society of 
Arts, and concealing its subversive 
message* in glossy covers decorated with 
an elegant engraving of the Adam building 
used as its accommodation address, the 
gang demanded nothing less than the re- 
organization of the Department of Educa- 
tion and Science (to include industrial 
| training), tax deductibility for fees paid for 
-technological education, the reform of the 
= British school examinations system and a 
“scheme for supporting institutions of 
higher education with public funds on a 
“scale determined by ‘‘the funds which 
“institutions succeed in raising for 
- themselves” 
=> The movement’s front-man, and self- 
confessed chairman of the study group, is 
` Sir Henry Chilver, vice-chancellor of 
© Cranfield Insitute of Technology and 
chairman of the British government's 
> Advisory Council on Applied Research 
-and Development (ACARD). Sir Henry is 
< widely tipped in Whitehall as the man most 
likely to succeed Sir Alec Merrison (vice- 
chancellor of the University of Bristol, 
< chairman of the Advisory Board for the 
Research Councils, chairman of the 
council of CERN, etc.) as the chairman of 
most committees on British science policy 
during the 1980s. 
| Speaking last week to journalists (out- 
` numbered two to one by members of the 
group), Sir Henry admitted that the mani- 
-festo called for a revolution in the British 
educational system. He said he would be 






















a -All-purpose chairman, Sir Henry Chiiver 


infiltrating some of the proposals into 
ACARD’s deliberations on the mechan- 
ms- for supporting British university 
search. The group hopes to accomplish 
its goals- by putting pressure on politicians 
id civil servants, and by writing letters to 
influential people. 

‘One objective is to change the education 
of. young people aged 16-19, providing 
em with ‘‘flexibility of employment 
pportunities’’. The manifesto also 
demands a ‘‘shift in curriculum for 13-16 


*The Future of Technological Higher Education in Britain 
(Report of astudy group appointed by the Council of the Royal 
Society for. the encouragement: of: Arts Manufactures. and 
Commerce). Sieh, 
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= system 
people to be educated for their future capa- 





“aimed 3 at encouraging -young 


bility in society” and the monitoring of 
“tthe effectiveness of education for wealth 
creation” by some method as yet undis- 
closed. To accomplish these objectives, the 
group admits, it would be necessary to 
rewrite both the Education Act (1944) and 
the more recent Training Act so as to give a 
new Department of Education and Train- 
ing direct control of the education of the 
young. 

There seems, however, to be an ideo- 
logical split among the members of the 
group on central direction for higher 
education. One member, Dr Donald 
Moore (previously with Imperial Chemical 
Industries Limited), said that ‘‘a lot of 
money is wasted in universities” and called 
for strong central management of higher 
education. But Chilver seems to prefer a 
system of financial incentives to make uni- 
versities more aware of industrial needs. 

The most subversive proposal is that for 
replacing the present general subsidy of 
higher education with a system in which 
universities and other institutions would be 
supported on some scale related to the 
resources they had been able to recruit 
from industry and elsewhere. The mani- 
festo says that ‘‘those most closely related 
to industry would attract continuing public 
support” but otherwise conceals its 
reasons for believing in a switch to ‘‘geared 
funding” and the means by which that 
would be accomplished, on the pretext of 


“keeping it short’’. John Maddox 
Nuclear aftermath 
@ 
Euthanasia plan 
The Soviet media — not normally 


practitioners of sensation journalism — 
last week gave major coverage of alleged 
British plans for ‘‘selective treatment” 
and/or enforced euthanasia of victims of a 
nuclear disaster. According to the Soviets, 
plans prepared by the Royal College of 
Physicians for the British government 
insist that ‘‘anyone who is seriously injured 
must be destroyed” — preferably by the 
military or the police, since the doctors, 
allegedly, are unwilling to break the 
Hippocratic oath. 

These remarkable reports are apparently 
based on an article in The Guardian of 22 
July. Within three days it had been picked 
up by Pravda and then by Moscow Radio 
— remarkably fast for Soviet journalism. 

The Guardian writer, Andrew Veitch, 
says that his story was based on 
“classified” government plans leaked to 
his newspaper and a ‘‘statement’’ prepared 
by the faculty of community medicine of 
the Royal College of Physicians. This 
statement, he says, was never published. 

Acccording to the faculty members, 
however, the document to which Mr Veitch 
referred was never, in any sense, an official 
statement. It was, they say, simply a 


2 group which the feculty board felt itself, o 






as a body, unable to accept. 

The president of the faculty, Professor 
Alwyn Smith, who is also a signatory of the 
recent *“‘Physicians against Nuclear War” 
declaration, describes the original paper as _ 
“somewhat forthright” and suggests that 
it would need ‘‘very extensive revision” 
before it would gain the support of the 
faculty’s membership. It is presumably the 
latest version of this document, which was 
discussed last April at the faculty’s meeting 
on medical planning in relation to nuclear 
war, that came into the hands of Andrew 
Veitch. 

Since the speech of Mr Andrei Gromyko 
at the United Nations Disarmament 
Session in June, the Soviet media have 
repeatedly attacked the reluctance of 
Western governments to respond to Soviet 
‘peace initiatives”? 

To that extent, their response is 
predictable. The curious error by which the 
study group’s draft document, which 
called for a full public debate of the issues 
(including euthanasia) involved in disaster 
planning, becomes in the Russian version a 
secret government document prepared by 
‘troglodytes from the world of medicine”? 
and kept secret from the British people, 
must inevitably throw some doubt on the 
Soviet understanding of the Western-style 
nuclear debate. Vera Rich 


Repression in Guatamala 


Physician freed 


A prominent Guatemalan physician and 
anthropologist, Dr Juan José Hurtado 
Vega, was released from government 
custody last Thursday after enquiries by a 
delegation from five US scientific societies. 

Dr Hurtado had been held virtually 
incommunicado, and without charges, 
since 24 June, when he was abducted by 
armed men in civilian clothes outside his 
clinic in Guatemala City. Not until 4 July, in 
a speech by Guatemalan President Efrain 
Rios Montt, did the government admit that 
Dr Hurtado had been arrested. 

According to the American Association. 
for the Advancement of Science (AAAS) 
Clearinghouse on Science and Human 
Rights, Dr Hurtado was released to the 
custody of the International Red Cross 
Committee, which suggests that he was in 
need of medical treatment. The members 
of the US delegation that visited 
Guatemala to enquire after Dr Hurtado 
told reporters upon their return last week 
that they were seriously concerned that he 
had been physically mistreated and 
possibly tortured. Dr Hurtado’s wife 
reported that during the five-minute visit 
she was allowed to her husband — a visit 
that was filmed and broadcast by the state- 
run television — she noticed that he was 
very weak, had lost a lot of weight and had 
a haematoma on his arm. The delegation 
was told td Guatemalan officials that Dr 
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} ring froi a gastro-intestinal illness. 


_ AAAS said that Dr Hurtado and his wife 
were. going to leave Guatemala and were 
1 the United States within a few days. 
easons for Dr Hurtado’s arrest 
unclear. President Rios Montt, in 
sion address on 4 July, accused Dr 
lo of being a communist; later, in an 
view with a BBC correspondent, Rios 
tt charged that ‘the is not merely a 
unist but a captain of many units, a 
| mber of the leadership group. His son, 
all -his family have been killing people.” 
+- The US delegates reported that many 
government officials they spoke to brought 
up the association of one of Dr Hurtado’s 
<= daughters with the communist insurgents. 
She is now living in Nicaragua. 
_. Dr Hurtado may also have come under 
suspicion for his work among the rural 
poor. Since 1976, he has run a private clinic 
< offering free health care in San Juan 
_ Sacatepequea, an Indian village outside 
~ Guatemala City. The delegation doubted 

















Dr Hurtado and patient 


that this was the principal factor behind his 
arrest, especially since the government has 
made no effort to shut down the clinic. 
The most likely direct motive for his 
._ arrest may have been the kidnapping, the 
_ day before, of the Interior Minister’s son 
-by the Guatemalan communist party. The 
- Interior Minister, or perhaps even a sub- 
ordinate acting on his own, may have 
ordered the arrest of Dr Hurtado as a 
hostage. If so, it was apparently a miscalcu- 
lation: when the communists issued a list of 
prisoners whose release they were demand- 
7 ing, Dr Hurtado’s name was not on it. 
The US delegation, which comprised 
AAAS, the American Public Health 
~ Association, the American Anthropo- 
a logical Association, the National Associ- 
_ ation of Social Workers and the Institute of 
“Medicine of the National Academy of 
. Sciences, expressed concern that this case 
may be a bellwether of a return to the 
-Tepression of the previous regime in 
- Guatemala. President Rios Montt, who 
came to power in March of this year, 
$ pledged to restore civil rights and con- 
-stitutional law. On 1 July, however, the 
government declared a ‘‘state of siege”, 
-suspending all political activity and most 
civil liberties. Stephen Budiansky 
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Plea from a Soviet refusnil 
An open letter to Dr J.M. Legay, Secretary 
General of the World Federation of Scientific Workers. 


Sin — Several times either alone or together 
with colleagues in the same position 
(having been refused permission to leave 
the Soviet Union), I have appealed to you 
and to the World Federation of Scientific 


Workers for help. But only recently have 


we received a reply — and that not directly, 
but in the pages of Nature (11 February, 
p.452). I regret to say that your answer was 
both surprising and disappointing. Being 
absolutely distressed by it I have to address 
you once again. Another, perhaps more 
important reason making me do it is that I 
am sincerely convinced of your honesty, 
humaneness and high moral standards — 
anything else would be incompatible with 
the high position you occupy. Besides, I 
believe that the contents of your answer 
suggest that you are not aware of the 
gravity of the situation of the scientists 
refused permission to leave the Soviet 
Union. 

For more than 3 years I and my friends 
have been trying, through completely legal 
channels, to obtain permission to leave the 
country. All of us after many months of 
waiting have been refused permission and 
in most cases nobody took the trouble of 
explaining to us the reasons for this refusal. 
And none of us has ever dealt with military 
or state secrets. That is why I say that these 
refusals do not comply with the laws of the 
Soviet Union, with the International 
Human Rights Declaration and with the 
Helsinki Final Act. The only reason for 
these refusals is the fact that we have 
scientific degrees. And it has nothing to do 
with the problem of the notorious “‘brain- 
drain’’ since most of us are deprived of any 
professional work and have been deprived 
of it ever since we applied for permission to 
leave the USSR. 

I have appealed more than 20 times to 
different Soviet bodies to cancel the illegal 
decision and to protect me from 
lawlessness but I have not received a single 
answer and the experience of many of my 
colleagues has been the same. Neither have 
I received any answer from the vice- 
president of the World Federation of 
Scientific Workers Mr N.N. Inozemtsev or 
from Mrs Janushevaskaya. But according 
to the federation’s charter, it is their duty to 
defend the interests of scientists. 

Addressing you, Mr Legay, I like many 
others expect sympathy and help. Maybe it 
is naive on my part but I consider it your 
moral duty and that of the federation to 
help us. It is not a question of me alone, a 
whole group of scientists is involved. It is 
not eA our careers as s scientists, but our 















































whole lives that are threatened. We suffer 
material hardships and nervous stress 
beyond any normal limits. We are begit 
ning to break down. Recently one of t us, D 
Tsipkin, died after receiving a dismiss: 
notice. Many of us have become seriousl 
ill — and still we have to support age 
parents or our children. We are in complete 
isolation, we are thrown out of society and 
in fact are not protected by law. And all this 
for one “fault’’, for one “crime” — our — 
wish to leave the Soviet Union. eS 
We are living in the world so strikingly _ 
depicted by Kafka, but the circumstances _ 
of our life are much harder than those of- 
his characters. We have no possibility in _ 
our own country to protest openly, — 
publicly. We can’t defend our interests — 
legally. We can hope only forhelp from our _ 
western colleagues. This is our only hope, © 
the only thing that makes it possible for us 
to go on living. - 
Don’t become a silent accomplice of the ie 
injustice, don’t let evil take the upper hand, |. 
raise your voice for us. I want to believe, 
Mr Legay, that an appeal from you to the 
Soviet government, an appeal from the- 
World Federation of Scientific Workers _ 
and from its journal Scientific World will 
change our position, will make it possible 
for us to leave the Soviet Union and to. 
return to scientific work. Don’t let our 
appeal get drowned in bureaucratic hold- 
ups and procrastinations. | 
Only an appeal to the Soviet government 
can change the situation. The more 
definite, the more public your stand, the 
sooner it will help the unfortunate. Take 
this stand, Mr Secretary General, and like ` 
any noble deed it will only add to your and 
the federation’s authority. 
You cannot but understand, Mr- 
Secretary General, that our life and our 
fate have become part of an important 
problem — that of trust among scientists j 
and their mutual understanding. You have: 
to understand that the question of mutual 
trust and respect, the questions of scientific. 
contacts will depend on the settlement of — 
our problem. It cannot be right to let. 
general and undoubtedly very important — 
problems obscure the fates of individual 
people. It cannot be allowed that behind a 
torrent of beautiful words evil should be | 
committed. Who but the World Federation 
of Scientific Workers and its head can 
realize and know it? Who but the 
federation and its Secretary General can 
and must stand on guard defending th 
members deprived of everything? 
Moscow J.S. IRLIN, DS: 
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perial College’ $ Céntre for ranei 
Nefure 24 June, p.617) has caught the 
sentiment of the occasion, but lacks one or 
two points of detail. 
Imperial Biotechnology Ltd (IBL) is jointly 
owned by Imperial College (35 per cent), TDC 
Developmepts Lté (Saper cent) and its own 
staff, who hold the balance. The fermentation 
pilot plant will bém jaged by IBL, which will 
expand the business*of development and pilot 
scale manefacture of specialized biological 
products, Phe cofhpany and the college are 
fully committed to maintain and expand the 
current.college teaching programme. They 
have made.a teaching agreement for the 
provision of adequate pilot plant and 
` fermentation facilities for the college's 
-programme of work. Like any other customer, 
~ the college may buy additional resources for 
“research purposes from the company above 
“the agreed level. 
<. Resources that were absorbed by the non- 

» commercial pilot plant operation may now be 
“released for academic purposes; the college is 
“applying part of them to the two lecturer posts 
shortly to be advertised (the Leverhulme chair 
«ois financiallyý self-contained). The lecturers’ 
positions will not therefore be so precarious as 
“the comment ‘‘. . . salaries will be met by the 
-fees earned from contracts with outside 
bodies*’ implies. They will be normally 
established posts. 

The Centre for Biotechnology sees contract 
work as a major factor in the development of 
its research programmes —- biotechnology is 
nothing if not an applied discipline. However, 
a substantial proportion of the investment in 
othe centre must come from Imperial College’s 
own efforts — unless the college clearly 

< demonstrates its commitment to the subject, 
“the centre will lack the credibility it needs 

< amongst its potential customers, 

Imperial College has found what it believes 
~ tobe a workable combination of commercial 
risk and academic purposes that suits its own 

<: particular circumstances. It is firmly 
committed to producing the people and the 
products needed by the biotechnology industry 


by these means. 
y DAVID THOMAS 


Centre for Biotechnology, 
+. Imperial College of Science and Technology, 
‘London SW7, UK 


. gr. : : + 
Meltdown risks 
Sir — Robert J. Yaes has overstated the 
chazard of a major nuclear accident by two 
orders of magnitude in his letter of 24 June 
Nature, p.622). Not even a meltdown in 
nidtown Manhattan could produce the 
everal million’’ deaths he envisions. The 
mber of fatalities from a ‘“‘maximum 
edible” accident, which the US Nuclear 
gulatory Commission has estimated would 
sur once in 100,000 meltdowns, is put at 
This is comparable to the toll that 
je expected from such ‘conventional’ 
ds as oil and gas explosions, and one- 
ourth the number of deaths that could occur 
certain major dam in the Southern 
“aliforr nia earthquake fault zone should 


DALE H. GUERINGER 
USA. B 
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Not by mirrors 
Six — In News and Views of 28 January 
(p.277), Jared Diamond discussed the 
occurrence of migratory birds in places outside 
their normal geographic range (vagrants)!. 
Such vagrancy has been noted in many parts 
of the world and a variety of hypotheses have 
been pui forward to account for it. By 
discussing only the ingenious ‘‘mirror-image 
misorientation” hypothesis of DeSante¢, 
Diamond erroneously implied not only that it 
is the proven mechanism underlying the 
occurrence of vagrant warblers in California 
but also that it can account for vagrancy on a 
worldwide basis. 
Based on the hypothesis that some 
individuals in a population of migrants make 
mirror-image orientational errors (such as 
heading SW instead of SE in autumn), 
DeSante predicted the relative frequency with 
which various species should occur. The 
pattern of records supported the hypothesis. 
The blackpoll warbler (Dendroica striata), 
which migrates towards the SE over North 
America in the fall, is the most numerous 
vagrant on the California coast. A priori, one 
would expect warblers captured off coastal 
California to show SW hopping in an 
orientation cage. DeSante tested blackpolls 
captured on the Farallon Islands off 
California. Unfortunately, almost none of the 
birds oriented toward SW; most mean 
directions were toward NE or NW. The results 
could be explained only by the a posteriori 
hypothesis that the birds have four preferred 
directions: the normal SE heading, the SW 
mirror-image, and the reverse of these two. 
The data, therefore, do not provide strong, 
clear support for the original hypothesis. 
The mirror-image misorientation hypothesis 
is important and deserves further testing. It is 
premature, however, to regard it as proven or 
to extend it to other areas of the world. There 
are data to suggest that weather patterns, 
especially wind, may play a large role in 
bringing vagrants to California and other 
areas}, Recently, a strong association between 
the arrival of vagrants and particular wind 
patterns has been demonstrated in Great 
Britain. Interestingly, the blackpoll warbler is 
the most numerous warbler vagrant from 
North America, a fact very difficult to account 
for by mirror-image misorientation4. 
KENNETH P, ABLE 
ScorT B, TERRILL 
JEFFREY D. CHERRY 

Department of Biological Sciences, 

State University of New York, USA 

t. Diamond, J.M, Nature 295, 277-278 (1982). 

2. DeSante, D.F. thesis, Stanford Univ. (1973). 

3. Able, K.P. in Animal Migration, Orientation, and 


Navigation (Academic, New York, 1980). 
4. Elkins, N. Br. Birds 72, 41? 1979). 


Prions have feathers 


Str — In News and Views on 13 May!, R.H. 
Kimberlin discusses $.B. Prusiner’s recent 
suggestion in Science that scrapie is caused by 
some new sort of proteinaceous infective 
particle or ‘‘prion’’, to use the acronymic 
neologism suggested by Prusiner?. However, 
there can be no doubt that prions exist. They 
contain lots of nucleic acid, packaged in a 
wonderful variety of proteins. One of the 
more striking of the proteins is keratin, _ 


arranged in a complex structure, the feather, 
















































































that enables the prions to maintain their 


temperatures well above ambient and to flutter 
above the southern oceans. 

Today the prions are placed in the genus 
Pach yptila. Their- vernacular pamestems. from- 
the generic name given by Lacépddwyafter the “ 
serrated edge to the birds* mandibles- (nguv, 

a saw). It was in use as an English’ name * 
among ornitholégists i in the last century and 
is given in the Oxford English Dictionary #4 #14 

Perhaps in this cage, therg i is little thasite of - 
confusing the old and néwgneanings. ofthe 
word. But precisionand unafitbie Ly atgaee t P 
important in science siyen. if.they are.stot ih”. 
Science, whose editors do not wish to point- 
out this unfortunate homonymy to their 
readers. Phope you will be more concerned 
and that Pachyptila will in future be the only 
prion to appear in Nature, whether or not 
‘proteinaceous infective particles’? occur in 
nature, J.J.D, GREENWOOD ` 
Department of Biochemistry, 

University of Dundee, UK 
Kimberlin, RH., Nature 297, 107-108 (1982). 


I 
2. Prusiner, S.B. Science 2416, 136 (1982). 
3, Newton, A. A Dictionary of Birds (1896). 





The parasitic balance 


Sir — I am sure Professor Cox does not need 
me or anyone else to defend him, but Dr 
Palmieri’s letter (Nature 15 July, p.220) does 
not seem to take account of the fact that Cox’s 
original report (Nature 4 March, p.10) was an 
account of a symposium specifically devoted 
to diseases caused by parasites. Aside from 
this, of course, Palmieri’s contention is true — 
most parasites are in balance, albeit maybe a 
delicate balance, with their hosts. 

Notable examples are found amongst 
parasites of wild animals, in this country and 
elsewhere. Flagellates and sporozoans are 
almost ubiquitous amongst the wild 
vertebrates of this country, but direct 
pathogenic effects of their presence are rare, 
This does not necessarily mean, however, that 
such infections are not subtly harmful in 
conditions of unusual stress, or by virtue of 
immunodepressive effects. A deeper 
understanding of factors involved in 
maintaining the balance might help explain 
why it sometimes breaks down, with 
devastating effects among the host population, 
as exemplified by recent epidemic sleeping 
sickness (human trypanosomiasis) in partsof ~ 
Africa. J.R. BAKER 
The Institute of Terrestrial Ecology, | 
Cambridge, UK 


Philosopher in gaol 


Sir — I have received first-hand information 
concerning Professor Lessek Novak from the 
University in Poznan, a distinguished 
philosopher in Poland’s strong tradition of 
logicians. He has. been confined for seven 
months, held in a prison without daylight and 
infested with bugs. Professor Novak took part 
in the postgraduate courses at the Inter- 
University Centre in Dubrovnik and has been 
very active in international collaboration in 
science. His confinement is a grave violation 
of human rights, particularly that of freedom 
of thought. I appeal to the scientific 
community to do everything possible to bring 
about his liberation, Ivan SUPEK 


Institute for History and Philosophy of Science, 
Sabi Tune E ; 
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 Anmais under attack by Mvading 
_ Microorganisms are able to kill their 
_ attackers by means of a group of 
exceedingly powerful oxidizing agents 
_ which are. mobilized in response to the 
_ microorganisms’ invasion. The earliest 
-evidence for the existence of this oxygen- 
. dependent killing system was reported 
some 20 years ago by Karnovsky! and by 
Quastel’. Since then, this system has been 
investigated in many laboratories (for 
reviews see refs 3,4), and it is now 
understood at least at an elementary level. 
The critical step in the mobilization of 
-the lethal oxidizing agents is the activation 
ofa membrane-bound enzyme (or enzyme 
system) known as the ‘NADPH oxidase’. 
- This oxidase is dormant in an unstimulated 
cell, but. comes to life when the cell 
- encounters a microorganism. As its name 
“suggests, the oxidase catalyses the transfer 
of ‘electrons from NADPH to oxygen. 
What is unusual about this reaction is that 
the oxygen is reduced, not by two electrons 
to form H,O,, but by one electron to form 
the superoxide radical (O,*). 

It is trom this innocuous O, = radical that 
all the system’s lethal oxidants are formed. 
_These oxidants include hypochlorite 
(OCI), known commercially as a powerful 
„disinfectant, and a group of highly reactive 
i oxidizing radicals, including the hydroxyl 
radical (OH‘), one of the most reactive 
compounds known in chemistry. OCI- 
arises through the peroxidase-catalysed 
oxidation of Cl by H,O,, which in turn is 
formed by the dismutation of superoxide 
(0,7 +0,7+2H* H,O, +0), avery rapid 

reaction which consumes most of the 
manufactured by the cell. OH* and the 
other reactive oxidizing radicals are made 






their production is poorly understood 
apart from the fact that no peroxidase is 
tequired, though an iron-catalysed 
reaction between O,7 and H,O, 
(O,* + H,O,>OH% OH- + O,; the famous 
er-Weiss reaction) has been proposed 
& ses source of the hydroxyl radical. Itis a 












Bernard M. Babior and David W. Parkinson are 
at the Division of Hematology-Oncology, Tufts 
University School 2 ead Boston, 
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ym the remaining O,7; the mechanism of 


: some > form of the oxygen-dependent kiling 


RPN 


striking illustration of the versatility of 
biological systems that they are able to 
manufacture and put to use compounds as 
reactive and dangerous as OCF and OH’ 
Until now, the oxygen-dependent killing 
system has been thought to be restricted to 
‘professional phagocytes’ (granulocytes 
and mononuclear phagocytes), the front- 
line cells whose purpose in life is to engage 
and destroy invading pathogens. In this 
issue of Nature (p.569), however, Roder 
and his associates show for the first time 
that the same system is expressed by a 
lymphocyte. The lymphocyte that acts like 
a phagocyte is the natural killer (NK) cell. 

The NK cell is a large lymphocyte whose 
most prominent morphological feature is a 
single large granule in its cytoplasm’. Many 
biological roles have been proposed for this 
enigmatic cell, both from experiments 
testing the effects of partially purified NK 
cell preparations on various targets’ and 
from studies with intact NK-deficient 
animals and humans’. A function in host 
defense against infection has been 
postulated on the basis of the NK cell’s 
ability to recognize and kill virus- and 
parasite-infected target cells. Its capacity 
to kill certain malignantly transformed 
cells has led to speculation about its 
participation in defense against cancer. 
Finally, it is able to kill certain types of cells 
in the normal bone marrow and thymus, 
suggesting that it may serve to control the 
function of these tissues on a day-to-day 
basis. The true physiological role of the NK 
cell, however, is still not fully understood. 
Even less well understood are the means by 
which it exerts its diverse effects. In 
particular, basic questions as to how target 
cells are recognized and destroyed are 
largely unanswered. 

The work of Roder and his associates 
now appears to provide a partial answer to 
at least one of these questions. The ability 
of the NK cell when exposed to a sus- 
ceptible target to produce O,7 (in 
staggering quantities too; the amount of 
O,* manufactured by these cells can 
exceed by two orders of magnitude the 
amounts liberated by fully stimulated 
neutrophils or monocytes) and to use this 
O,* to kill this target strongly implicates 


human neutrophil’? What do thes 













































































system in target cell destruction. Natl z 
system must comprise more than just O, 7 
itself, because NK cells from patients with 
Chediak-Higashi disease exhibit greatly 
impaired killing ability despite a normal 
O, *-generating response to NK-susceptible _ 
targets®. The hallmark of Chediak— 
Higashi disease is the swollen, grotesquely ; 
misshapen lysosome that is found in the — 
cells of affected subjects; perhaps the | 
granule of the NK cell is another 
participant in its oxygen-dependent killing _ 
system, and it is the malfunction of this 
granule that accounts for the defect in NK - 
cell activity in Chediak~Higashi disease 
Supporting this notion are recent. 
experiments with metabolic inhibitors 
which have been interpreted in terms of a 
‘stimulus-secretion’ model of NK cell 
activity’, consistent with the morphology : 
of the cell as a large lymphocyte containing. 
a granule which, after all, must be there for. 
a reason. ‘ 
Like all novel. discoveries, the finding 7 
that NK cells can kill with oxygen raises 
more questions than it answers. Is NK cell 
function impaired in chronic granu- 
lomatous disease, the inherited disorder in 
which phagocytes are unable to 
manufacture their lethal oxidants’? What 
are the other components of the oxygen- 
dependent killing system of the NK cell? 
Does the NK cell possess oxygen- 
independent killing mechanisms like those. 
described by Elsbach in the rabbit and 


findings say about the relationship between 
the NK cell and other types of lym- 
phocytes, some of which have killer activity 
of their own? Is the NK cell a true 
lymphocyte, or is it nothing but a 
phagocyte inlymphocyte’s clothing? | 
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from the Scientific Staff, Leg 85, DSDP/IPOD 


“ON 2 May 1982 the drilling vessel Glomar 
‘Challenger arrived back in Honolulu from 
Leg 85, the fifth major operation of the 
‘Deep Sea Drilling Project in the eastern 
and central equatorial Pacific. In her holds 
„were well over 2 km of central equatorial 
_sediments and 1.6 m of basalt, the products 
“of 16 drill holes of which the deepest had 
reached to 525 m below the ocean bottom. 
‘From this material, some 21,000 samples 
-have now been distributed to the scientific 
party aboard and to collaborators all 
„around the world. Some preliminary 
_ conclusions, discussed below, have already 
been reached but ahead lies the main 
n analysis of the core material. The ultimate 
-aim is to understand the entire equatorial 
system, its behaviour through time, its 
‘reaction to stimulation from outside, its 
-< effect on and control of climate, and its 
- feedback mechanisms. 
The central equatorial Pacific has always 
- been a primary target for DSDP drilling. 
-Earlier legs (Fig. 1) had helped establish the 
` global Tertiary tropical biostratigraphy 
cand chronology that have shaped our 
- understanding of past oceanographic 
events, and the development of tectonic 
models for the Pacific Plate. Tertiary 
- equatorial sediments are very sensitive 
recorders of the interplay between 
~tectonism, oceanic circulation patterns, 
- fluctuations in biological productivity, 
< dissolution and, ultimately, diagenesis. 
In the past, drilling disturbances, 
-+ particularly in the upper unconsolidated 
: 400-300 m of sediments that often com- 
-prise much of the Neogene, have hampered 
really fine-scale reseach in sediments 
: beyond the reach of conventional piston 
coring. Leg 85, with relatively new tool at 
its heart — the hydraulic piston corer — 
was designed to respond to the growing 
‘need to obtain environmental signals with 
frequencies measured in 10°—104 yr. 
The hydraulic piston corer (HPC) was 
: developed by DSDP during the late 1970s 
and first successfully used during Leg 64 
1978); the HPC isa pressure-activated 9 m 
ong piston coring device (with a 5 m 
ition) which is lowered to the bottom of 
e drill string. It allows the recovery of 
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successively deeper 9 (or 5) m sediment 


cores in sufficiently soft layers, without — 


having to resort to rotary drilling. The 
disturbances that make rotary-drilled 
samples of softer sediments almost useless 
for high-frequency analyses are thus 
avoided. 

The Joint Oceanographic Institutions 
for Deep Earth Sampling Ocean Palaeo- 
environmental Panel designed Leg 85 to 
recover undisturbed, tropical Cenozoic 
sections for research on: (1) high- 
resolution bio-, magneto-, seismic-, 
carbonate and stable-isotope stratigraphy; 
(2) oceanographic and biological 
(evolutionary) changes associated with the 
Eocene—Oligocene boundary; (3) termina- 
tion of Atlantic-Pacific circulation across 
the Central American isthmus and the 
evolution of modern Pacific circulation; 
(4) the origin of the fine-scale cyclicity seen 
in Pacific sediments of Oligocene to 
Quaternary age; and (5) carbonate and 
silica diagenesis in thick biogenic sections. 
In order to ensure the highest possible 
resolution and to avoid coring gaps, each 
hole was doubly piston-cored and then 
rotary-drilled to basement through the 
stiffer sediments below the reach of the 
HPC (generally 150-250 m sub-bottom). 

Five sites, 571-575 (Table 1, Fig. 1), were 
drilled by Leg 85. With the exception of 
Sites 571 and 572 (Site $72 is a repeat of Site 
81, of DSDP Leg 9), which were to 
terminate in the Miocene, latest Eocene 
was anticipated to be the basement age at 
all the sites. Thus, it was also hoped that 
complete, or near complete, records of the 
very ‘elusive’ Eocene—Oligocene (35-40 
Myr) transition could be recovered. 

Geologically, the dominant tectonic 
feature of the central-eastern Pacific 


region is the East Pacific Rise, which” 
generates new oceanic crust at rates of 8-20 i 
cm yr', and which serves as a ‘boundary to 
the Pacific (on which all the Leg 85 sites 

lie), North American, Cocos and Nazca 

Plates. In simple terms, during the past 50- 
Myr, new Pacific crust has been 
continuously spreading northwestwards, 
away from the East Pacific: Rise. As it. 
spreads it subsides from a depth of about: 
3,000 m. The motion has two crucial 
results: it continuously alters the 
relationship between the stationary 
equatorial high-productivity belt above 
and its depositional expression on the sea 
floor (Fig. 1), and the subsidence with age 
and cooling of the spreading crust brings 

about an increasing exposure of solution- 

susceptible calcium carbonate produced by 

plankton to deeper, more corrosive waters. 

Biological processes are superimposed 
on this evolving tectonic framework. 
Upwelling associated with the equatorial 
current system creates, along the equator, a 
fertile planktonic belt of variable width 
(today 3-4° wide and having its maximum 
expression slightly offset to the north of the 
Equator) and dominated by carbonate and 
silica production. 

Assuming that these present-day 
relationships between surface waters and 
productivity have remained roughly 
constant during the Cenozoic, a broadly 
lens-shaped body, with its apex offset to 
the north, of dominantly biogenous 
calcareous—siliceous sediments should 
have accumulated in this region. It should 
be dominated by calcareous sediments 
along its crest and be increasingly more 
siliceous towards its northern and southern 
flanks — as indeed has been confirmed by 
seismic profiling, piston coring and 






Table 1 Summary of Leg 85 coring 


Water depth No. of Maximum Cored Est. age of 
No. of (corrected received penetration sub-bottom oldest seds Nature of 
Site holes m) Operations cores (m) range (m) (Myr) basement 
571 I 3,962 HPC i 7.1 571 (O-7.1 0.46 me 
Heat flow/ a 
pore water s 
572. «3 3,893 Double HPC 76 486.0 572 0-19.0 14-15 Basalt 
Rotary core* 572A 0-154.0 i 
572B 154.0-172.1 
572C 0-169.5 
§72D* 151.0-486.0 2. 
573 3 4,301 Double HPC 68 529.0 573 0-158.6 38-39 Basalt 
Rotary core* 573A 0-53.2 
Heat flow/ §73B* 138.5~529.0 
pore water 
574 4 4,561 Double HPC 92 532.5 574  0-206.5 38-39 Basalt 
Rotary core* 574A O0-180.2 
574B* 185.0-204.0 
§74C* 194,5-532.5 
575 4 4,536 Double HPC 60 196.3 575 0-986 22 foes 


575A. 93.8-196.8 
575B oe 8 
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= `“: Fig. 1 Cruise track and site locations of Leg 85 of DSDP/IPOD in relation to acoustic 
ee _ Sediment thickness (contours are in tenths of seconds of two-way travel time) and previous 


op previous DSDP drilling. 
The product of this simple tectonic- 
ductivity model of the equatorial region 
_is further altered by changes in oceano- 
graphic conditions. The latter affect 
: primarily solution of calcium carbonate or 
_ May, in the form of thermohaline bottom 
currents, physically remove and mix 
‘sections of the depositional record. 
Whereas solution of biogenous silica 
appears to be occurring throughout the 
water column, calcium carbonate is very 
responsive to changes in the corrosiveness 
of deeper waters. At the other end of the 
Spectrum, numerous submarine outcrops 













_ of Tertiary sediments and the widespread 


~ hiatuses occurring in the equatorial Pacific 
: testify to the effectiveness of bottom-water 
erosion throughout the Cenozoic. 
: _ Shipboard analyses made during Leg 85 
‘obviously cannot do justice to the massive 
“amount of data gathered but preliminary 
impressions indicate that of the factors 
affecting the Leg 85 drill sites, the most 
“Striking is the strong east-west produc- 
tivity gradient. At Site 572, which is at 
“114°W, sedimentation and accumulation 
tates are extremely high (often 50m Myr’), 
: The sedimentation rate curve at Site 573, 
2,100-km to the west, has the same shape as 
‘that at. 572, but quite attenuated rates 
xcept for the Plio-Pleistocene). Although 
depth and latitude also contribute to the 
differences. between Sites 572 and 573, 
analyses of the carbonate and non- 
carbonate accumulation rates, fora- 
miniferal dissolution index, and qualitative 
evaluation of diatom and benthic 
foraminiferal species distributions all 
“support a strong east-west productivity 
‘gradient during the mid-Miocene to early 
‘Pliocene. This gradient is dominated by the 
production of siliceous microfossils 
mostly diatoms) in the east and the 
ybserved lithological and stratigraphical 
‘ariations appear to respond to this 
iliceous east-west gradient. 
he increasing influence of silica pro- 
ductivity in the east is also indicated by a 
comparison of the carbonate and non- 
‘carbonate accumulation rates. (For all of 
the Leg 85 sites it is valid to assume that the 
non-carbonate fraction is mostly 
: omprised of biogenous. silica and that 
























DSDP operations (Legs 5, 8, 9, 16, indicated by © ). 


there is a consistent association of diatom 
species, indicative of upwelling, with 
times of increased non-carbonate 
accumulation.) At Site 572, a plot of 
carbonate rate increases positively and 
linearly with non-carbonate rates. At Site 
573, 20° to the west, a comparison of the 
post-Oligocene carbonate and non- 
carbonate accumulation rates reveals a 
similar positive relationship but with a 
depressed slope, implying that the non- 
carbonate component decreases its 
dominance over deposition. 


Protein folding by numbers 


from Roger Pain 


IT has long been accepted that the folding 
of globular proteins from linear 
unstructured polypeptide chains must occur 
along closely defined pathways, so that the 
rate of folding can keep pace with the rate 
of biosynthesis. Proof of the existence of 
pathways has, however, been harder to 
come by. Experimental evidence is 
required of the identity of species inter- 
mediate between the fully unfolded and 
native states and, more precisely, of three 
of their properties. The structure of the 
intermediate, the rates of interconversion 
with other states and proof that the inter- 
mediate lies on the folding pathway and is 
not an artefact of the denaturation con- 
ditions must be obtained to characterize 
the part of the folding pathway associated 
with the intermediate under study. 

In two recent papers (J. molec. Biol. 157, 
331 & 357; 1982), Labhardt has demon- 
strated the existence of four non-native 
states associated with ribonuclease, has 
studied the kinetics with which some of 
them are formed and has interpreted these 
results in terms of a sequential mechanism 
of folding in which a relatively stable 
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relationships are found only during period 


peculiarly attractive as a model for folding 


variously by heat, acid and guanidin 
pace and the contents OF a-he 





noticeable when comparing accumu 
rates, carbonate content and foramini 
dissolution index curves between Sites 572 
and 573. At Site 573, the carbonate and 
non-carbonate accumulation rate and car- 
bonate contents follow one another. nicely : 
high carbonate values being associate 
with high accumulation rates (produc 
tivity) and better preservation. In contras 
at Site 572, the more easterly site, the sam 





































of relatively lower accumulation rat 
times of high accumulation are associa’ 
with enhanced dissolution and decreased 
carbonate content. The explanation may 
lie in the magnitude of non-carbonate 
accumulation at each site: the highest non- 
carbonate rate at Site 573 is about 0.5 4 g per 
en per 1,000 yr, whereas the maximum 
value at Site 572 is almost three times 
higher. This suggests that, when a certain 
non-carbonate accumulation rate (produc- 
tivity) threshold is reached, the abundant 
organic matter produces steep dissolution 
gradients and enhanced dissolution. We 
only see evidence for this phenomenon at — 
Site 572, but the implications for 
palacoceanographic modelling are 
intriguing. ae 





























































-sheet structural intermediate plays a rate 
determining role. hyi 

Some may find it surprising that a fresh © 
contribution about protein folding can be 
extracted from a study of the old bio- 
physical workhorse, ribonuclease A 
(RNase A), using the relatively low-level: 
information techniques of far-UV circular. 
dichroism (CD) and tyrosine absorbance. 
Ribonuclease is classed as an a + f protein: 
as its three-dimensional structure contains. 
both a-helix and f#-sheet secondary 
structures which are located in no regular 
orientation with respect to each other. Itis- 





ne 


studies because it can be cleaved spec - 
fically between residues 20 and 21 to give 
the S-peptide, which contains the elements: 
termed a,, and the S-protein, which 
contains elements f and the remaining 
structure, @,. The S-peptide and S-protein 
will combine spontaneously to give. 
enzymatically active RNase S in which the 
two moieties undergo mutual stabilization | 
of their secondary and tertiary structures. 

There are thus three stable species. 
RNase A, RNase S and S-protein, whos 
structural relationship to each other is. pre- 
cisely known from X-ray crystallograph 
These have been partially denatu 



























































































<- Labhardt correlated these results with 
the known structures of the three starting 
products so that he could identify four 
‘distinct products of unfolding. In terms of 
‘the three main regions of secondary struc- 
ture, these are a, 8, aß, Band a,*. a, Bis not 
stable but may have a role as a folding inter- 
mediate, while a,*, which represents the 
occurrence of an a helix in the thermally 
unfolded state, cannot yet be assigned toa 
_. definitive structure and hence to a role on 
the folding pathway. 
These experiments on the equilibria of 
-> the various unfolding reactions of ribo- 
- nuclease and its derivatives, together with 
=- supporting data from the literature, lead to 
the conclusion that the three antiparallel 
strands of folded f-structure must be 
<; formed for the N-terminal helix (¢,) to be 
stabilized. However, the species a,f 
requires the further independent folding 
and tertiary association of the a, group of 
helices to give it permanence as a a,ß 
(RNase A or RNase S). Thus in the folding 
molecule, three different regions of 
secondary structure can form indepen- 
dently and associate with mutual stabili- 
zation to give the folded enzyme with its 
native structure and function. 
Given some of the structural inter- 
“mediates associated with the folding 
pathway, in what order do they form and 
associate and what are the rate-limiting 
stages? Labhardt goes on in a second paper 
in the same journal to monitor the 
kinetics of refolding of RNase S by the 
regain of 2'-CMP binding ability and, with 
identical results, by changes in tyrosine 
-> absorbance, The kinetics are, as we would 
= now expect for a proline-containing 
` protein (see Nature 290, 187; 1981), 
. complex. Three phases are resolved in 
_ refolding from initial conditions in which 
_. different proportions of the equilibrium 
-species reported above have been shown to 
“exist. Two interesting features emerge. The 
“fastest phase is second order, reflecting the 
rate-limiting association of S-protein and 
< S-peptide, and the amount of product, 
< RNase S, formed from this phase is equal 
to the amount of S-protein with preformed 
_ structure existing in the initial conditions 
from which folding takes place. Thus, this 
- particular part of the structure, and not, 
< for example, the a, moiety, is essential and 
sufficient for the productive association 
with S-peptide to take place. It is a key 
intermediate on the folding pathway. 
The two slower phases of refolding 
reflect the same folding pathway but start- 
ing a stage further back, that is from 
S-protein molecules whose f-structure is 
unfolded. These may collapse to a con- 
densed species containing improper proline 
omers which have to isomerize before the 
ly native structure is attained (species I 
Nature 290, 187; 1981). Labhardt’s 
second. key observation is that the rates of 
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these two slower phases are linearly related. 





effect on these kinetics, | it is ‘concluded that : 
the species whose thermal stability dictates 
the rates of folding is the condensed struc- 
ture with improper prolines. This is there- 
fore identified as a transient precursor of 
the folded S-protein with its B-structure. 
This work represents a significant clari- 





- nge 
whicli can nbe“ ‘seen? by available technique : 
can be numbered and ordered into an- 





overall sketch. However, just as painting - 
by numbers does not result in a work of art, 
so folding by numbers does not give us the. 
complete folding picture and there still. 
remains much to be discovered, gas 






Measuring competition in 
plant communities 


from Peter D. Moore 


EXPLANATIONS of how similar species can 
coexist within a single area have, in general, 
been more satisfactory when dealing with 
animal species than with plants, and it is 
fairly evident why this should be. Animal 
species vary in their specific demands for 
food resources and may also vary in the 
manner in which they tap those resources, 
hence there is considerable opportunity for 
niche specialization and co-adaptation 
between species. In the case of autotrophic 
plants, there would appear to be far less 
room for diversification. All the various 
grass species in a meadow are basically 
doing the same things — gathering light 
energy, reducing carbon dioxide from the 
atmosphere, extracting water and required 
elements from the soil. Just how can so 
many morphologically similar species 
coexist? Is their coexistence accompanied 
by fierce competition for the habitat’s 
resources, or has the process of niche 
specialization over evolutionary time scales 
resulted in competition interactions being 
minimized? 

Such questions have great appeal to 
ecological theoreticians'’, particularly to 
animal ecologists who can base their 
models on the Lotka~Volterra population 
growth equations. Newman‘ has recently 
emphasized that this approach, which 
depends on the numerical assessment of 
populations, is not entirely satisfactory 
when applied to plants, in which vegetative 
proliferation of individuals can occur. He 
develops two alternative models more 
appropriate for plant studies, and con- 
cludes that the maximum number of plant 
species which could coexist with respect to 
a single habitat axis is two or three. But one 
is left with the problem of how many ‘axes’ 
are present within a habitat. Taking a pro- 
posed habitat with six niche axes, for 
example, and assuming a limitation of two 
species per axis, Newman’s model permits 
the coexistence of 2° = 64 species within 
the habitat, provided that all possible axis 
combinations are possible, that is, that the 
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axes are non-related. 
Theoretical models may be pleasing to 
the human mind, but their scientific value 
can only be ascertained by comparing them 
with observational or experimental .data 
derived from nature. Here, however, it is 
usually necessary to confine one’s atten-— 
tion to a single habitat axis and to'a single. 
pair or small group of species in order to 
document relationships with adequate 
precision. In this way one can isolate and 
study such aspects of competition as root 
interactions’ and the effects of 
environmental modifications on the 
equilibrium attained by species pairs®. 
With static organisms like plants, initial 
access to the resource is obviously of great 
significance, with the result that much 
emphasis has been placed upon the dis- 
persal propagule and its establishment as a 
critical phase in plant interactions’, 
An alternative approach to the field 
study of coexistence is the manipulation of 
a habitat, either by disturbance, fertiliz- 
ation or selective species removal, and then. 
observing the outcome on the balance of 
remaining species. This approach ‘has 
proved particularly valuable in studying 
species interactions in intertidal com- 
munities!'!3, but it has also proved useful 
in studying community dynamics in. 
terrestrial ecosystems, for example the 
fertilization experiments of Hurd et ai.'4,. 
and the use of natural badger disturbance: 
by Platt and Weig' in their studies | of 
opportunistic plant species in prairies. 
There has been little attempt to dat o 
develop a disturbance experime thira 
plant community which will permit 
testing of theoretica | concepts of. coexis- 
tence. Such an experiment is now reported 
by Silander and Antonovics in this issue of 
Nature (see p.557). They have altered the 
community composition of maritime plant 
communities by the selective removal of 
certain plant species from sample plots and 
observed the consequences for the remain- 
ing species. The effects are quantified in 
terms of a single response coefficient, Cys 
which compares the change in abundance 
(point cover or tiller number) of species j 
) oval oF me a with the 































cha ei vdd be suggestive 
siderable niche overlap and hence 
Is of competition for available 
, though caution is necessary in 
reting artificial removal responses. 
zraphic representation of the results 
heir Fig.2 (see p.559) illustrates the 
plexity of interactions seen. For 
nple, in the high salt marsh (d), the 
_ removal of Spartina patens (Gramineae) 
results in a marked increase in one species 
in particular, that is, Fimbristylis 
< (Cyperaceae), and the reciprocal effect is 
shown by the experiment in which 
`- Fimbristylis is removed — S. patens 
_ expands strongly (C = 0.693). It is tempt- 
_ing to believe that these two species must 
“normally be in acute competition. In the 
high marsh, Fimbristylis i is the most abun- 
. dant subsidiary species, but this is not the 
most influential factor determining the 
-< gourse of replacement, for if S. patens is 
removed from the low salt-marsh system, 
where S. alterniflora is the most abundant 
species, then it is still Fimbristylis which 
shows the greatest expansion, though its C 
. value is far lower (0.072). This suggests that 
“the overlap of resource utilization in these 
‘conditions is considerably less. S. 
_ alterniflora, in fact, is not altered by the 
“removal of S. patens, indicating a lack of 
» niche overlap, perhaps an example of 
ce perfect coexistence. 
_. The authors are also able to identify 
‘diffuse’ interactions in which the removal 
-= of one species results in similar responses 
from several of those remaining. This can 
-..be expressed numerically simply by using 
>o an evenness (equitability) index based on 
the Shannon diversity index. Such ar 
oceurrence is clearly indicated in their Fig.2 
where Muhlenbergia is removed from the 
_. swale habitat (c), resulting in an almost 
2 equal expansion of all the remaining six 
“species. 
~The potentialities of both the experi- 
mental method. and the means of data 
- expression are considerable. What is dis- 
played here is a representation of plant 
. community interactions in a form remini- 
-scent of Hutchinsonian niche theory, 
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cisélyi in this way would be stepping beyond. 
the limits inherent in an approach which, 


| problem of the isolation of lysosomes to o 





involves severe disturbance to community 
structure. The removal of one species pro- 


Lysosome proton pump 


identified 


from Michael Geisow 


In. 1893 Metchnikoff' used what must have 
been the earliest spectroscopic probe in 
living cells. He observed that litmus 
particles ingested by amoeba turned red 
and was able to conclude that the vacuoles 
of free-living phagocytes were acid. Now, 
nearly a century later, the same approach 
(modestly updated) has revealed that 
acidification of digestive vacuoles — 
secondary lysosomes — is achieved by 
proton-translocating ATPases. The recent 
paper by Ohkuma and his colleagues’, 
reporting the latter result, also ends a 
decade of minor biochemical controversy. 

Continuous enzymatic disassembly of 
macromolecules in. secondary lysosomes 
releases new acid-base equivalents. To 
maintain the pH within the operating range 
of the hydrolases responsible (4.5-5.0), 
transport of basic equivalents out, or acidic 
equivalents in, must occur. The nature of 
the transport mechanism provided the sub- 
ject of the controversy. Chief among the 
contenders for lysosomal pH control were 
proton-pumping ATPases and variants of 
the Gibbs—Donnan effect. 

The issue was partially resolved by 
measurements of the ionic permeability of 
the lysosomal membrane’. In a Gibbs- 
Donnan equilibrium, impermeant macro- 
molecules — acid hydrolases — in the 
lysosomes could buffer the content at a low 
pH given two assumptions. First, the iso- 
electric points of these proteins must lie in 
the range 4-5. Second, the membrane must 
be relatively permeable to H* . On the latter 
point the hypothesis fell down, since the 
membrane turned out to have a relatively 
low permeability to H* and cations Na* 
and K+* at physiological temperatures. This 
made the classical Donnan equilibrium 
unlikely but a clear proof of the proton- 
pumping alternative was lacking. 

Further advance came with the de- 
velopment of an effective lysosomal pH 
meter — the fluorescent pH indicator dye 
fluorescein that can be used as a conjugate 
with dextran. Pinocytic activity 
conveniently delivers the conjugate to 
secondary lysosomes wherein pH can be 
monitored by emission spectroscopy. The 
pH of macrophage lysosomes was found to 
be 4.5-4.7 (ref. 5). 

The biochemical exploitation of this 
intralysosomal pH probe required the 
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‘pure organelles are representative. In the 












ever, provide a valuable new : 
approaching the vexed question o 
plant species coexist. | 


























































solved. Usually liver lysosomes ‘are 
prepared by injection of the compound 
Triton WR-1339 in rats, to produce 
abnormally buoyant ‘tritosomes’, the 
difficulty then being whether the resulting 


new work reported by Ohkuma, the pH 
probe was uniquely within lysosomes® so the 
presence of contaminating organelles was 
acceptable. 

Ohkuma and his colleagues found that 
the pH of isolated liver lysosomes — 
gradually increased in K*-containing — 
medium from an initial pH 5.0. The- 
indication was not one of lysis, but more 
probably of slow cation permeation. The 
mitochondrial proton uncoupler FCCP 
and the K* ionophore valinomycin 
separately induced minor increases in pH, | 
in agreement with limited lysosomal! 
permeability to H* or K+. Together these 
agents produced the expected collapse of 
pH in the isolated lysosomes. Mgt -ATP 
reduced the upward drift of lysosomal pH — 
and the supply of a permeant anion (SCN" 
or Ch) facilitated acidification, indicating — 
that the pH-maintaining mechanism is. 
electrogenic. : 

These symptons are diagnostic of a proton- 
translocating ATPase (H+ -ATPase). Aseries 
of inhibitors designed to characterize. this- 
enzyme showed that the lysosomal ATPase 
was unlike mitochondrial H* -ATPase in. 
being sensitive to quercetin, but unaffected 
by oligomycin. Ca** could not support 
ATPase activity, nor could ouabain fan 
inhibitor of (K+ + Nat )ATPase] suppress 
it. The K,, for ATP of the lysosomal proton 
pump is “0. 1-0.2 mM, indicating that i 
should be working flat out at normal 
intracellular levels. 

The closest analogy with the action. of 
the lysosomal H* -ATPase is provided in 
the secretion granules (catecholamin 
containing) of the adrenal chromaf! 
cells. A granule H+-ATPase is widely 
recognized. This enzyme acidifies t 
interior of the granule to pH 5.5 (refs 6 
and is also quercetin sensitive: bi 
unaffected by oligomycin®. The granule 
membrane is equally mpennc ene. 
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ne infrdgeariular pil ios not increase in 
e absence of ATP and is unaffected by 
xternal pH. Perhaps the 
*-ATPases are identical since both 
erive from Golgi/endoplasmic reticulum. 
The demonstration and partial charac- 
erization of the lysosomal H+ -ATPase 
will inevitably shift the focus of attention 
onto other cellular membranes where pH 
egulation may occur. Unfortunately, the 


































































‘whether a pH-controlling mechanism is 
resent in primary lysosomes or Golgi 
sicles, since the delivery of the 
fluorescent conjugate is, by definition, to 
secondary lysosomes (endosome-lysosome 
fusion must have taken place). The method 


_ from Nick Proudfoot 


< Wrru the isolation and sequencing of 
- eukaryotic genes now a standard, if 
` sometimes tricky, procedure, attention is 
turning towards the question of how a 
“eukaryotic gene works. Obviously, the first 
-place to look at is the beginning of this pro- 
“¢ess — transcriptional initiation and 
> promoters — and much has already been 
achieved! with the discovery of CAT and 
<- TATA boxes. In the last year the focus on 
gene expression has shifted perceptibly 
‘3'-wards’.. Several studies have recently 
been reported on the transcriptional 
termination of ‘eukaryotic RNA 
polymerase II (pol I) genes. 
_ > A picture now emerges of three different 
though related methods of mRNA 3’-end 
formation in eukaryotes. Histone genes 
generate their mRNA 3’ ends by simply 
termination of transcription. This process 
involves the recognition of a specific 
termination sequence at the end of the 
mRNA. Yeast RNA polymerase II genes 
generate mRNA 3’ ends by a coupled 
termination--polyadenylation process 
again apparently at a specific, although 
different, sequence. Finally, all other 
gher eukaryotic RNA polymerase H 
es first terminate transcription, 
ssibly at a specific sequence similar to the 
fone gene terminator. These mRNA 
IrsorS are then cut down close to an 
AA sequence and polyadenylated. 
| ly studies of mRNA sequence yielded 
first clue to RNA polymerase II 
ation — several different mRNAs 
he sequence AAUAAA about 15 base 
i the 3'-terminal poly(A) 
| . Since this was the es 
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oxidase; the pH of pinosomes is unclear. 
Do these organelles also possess proton 


‘pumps? E 
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The end of the message 


significant sequence homology close to the 
end of the mRNA, it was inferred that 
AAUAAA might constitute a recognition 
site for the enzymes involved in 
polyadenylation and/or pol H termi- 
nation. Subsequently, this sequence was 
found at the 3’ ends of all pol II genes 
(excluding histone genes and possibly all 
yeast genes) although in a few cases it varies 
by one base. In the case of histone genes, 
the mRNA produced is not poly- 
adenylated, implying a link between the 
AAUAAA sequence and polyadenylation. 
However, the yeast genes that do not 
contain AAUAAA at their 3’ ends do make 
polyadenylated mRNA. 

The presence of AAUAAA at the end of 
viral mRNAs allowed the first direct tests 
of the sequence’s function to be made. 
SV40 deletion mutants were constructed 
lacking the late gne AAUAAA sequence 
but containing the same sequence further 
downstream’. No wild-type 3’ terminus 
was detected but rather polyadenylated 3’ 
ends were formed 15 nucleotides away 
from the new AAUAAA sequence. These 
and similar experiments directly 
demonstrated the role of the sequence in 
positioning the poly(A) tail at the end of the 
mRNA‘. Further complexities have 
followed for several different genes encode 
mRNAs with multiple 3’ termini. First 
adenovirus®, then dihydrofolate reductase’ 
and immunoglobulin genes? were shown to 
have multiple 3’ termini. In each mRNA, 
AAUAAA or a close homologue preceded 
the poly(A) tail by about 15 nucleotides. In 
some cases the selection of different 3 
termini causes the expression of different 
gene products — secreted and membrane- 
bound forms of antibodies, for example’. 





An important advance in our under- 


y. They geno 


strated the 1 presence of RNA transcripts < 
from the mouse B-globin gene that _ 
extended: well beyond the 3° end of the. | 


mRNA sequence. Evidence that these 


3'-extended transcripts weré the precursors = 


of mature mRNA was at first indirect but 
additional experiments that mapped the 
3’-terminal position to a defined position. 
1,400 bases beyond the poly(A) addition 
site of the mouse f-globin gene: have been 
described by Darnell at a rect 
conference*. Clearly the fact that these 3 i 
extensions stop at a precise position — 
Suggests the transcripts are true globin ~ 






mRNA precursors. In close agreement with _ 


these results, the primary transcripts of the 

DNA tumour viruses, adeno, SV40 and 

polyoma, have been unambiguously 
demonstrated to extend well beyond their 

poly(A) addition sites (see review, ref. 11). 

In polyoma, RNA transcripts have been. 
found that are several times larger than the. 
genome size, suggesting that RNA 

polymerase molecules transcribe in circles 
around the polyoma genome, never finding 

a terminator sequence that allows them to 
stop. These large transcripts must then be 
cut down to mRNA size by a specific 
endonuclease activity. 


mRNA 3 '-end formation thus appears to 
be a three-step process. First, RNA 
polymerase I] terminates, at least in the 
case of mouse f-globin, at a defined 
sequence in the 3’-flanking region of the 
gene. Then an endonuclease cleaves this 
primary transcript down to 15 bases 3’ to 
the AAUAAA sequence. Finally, this 
newly formed 3’ end is polyadenylated. It _ 
seems plausible to suggest that both thè- 


RNA endonuclease and poly(A) — 


polymerase activities recognize the same 
ubiquitous AAUAAA sequence. : 

A significantly different approach. is 
revealed in the H2A histone gene of sea 
urchin'?, Histone mRNA, although 
synthesized by RNA polymerase H, is not 
polyadenylated and does not possess the 3’ 
AAUAAA sequence present in other 
mRNAs. However, a 23 base pair se- 
quence, including an imperfect inverted. < 
repeat at the 3’ end of the histone mRNA, i5 
essential for 3’-end formation. When. 


specific deletions of this sequence were ~~ 


constructed and the mutant genes injected . © 
into oocyte nuclei the resulting RNA | 
transcripts were larger than histone mRNA 
and heterogeneous in size, due to multiple 
3° termini in the 3’-flanking region or 
spacer sequence of the histone gene. It - 
seems likely that the 23 base pair inverted ` 

repeat sequence is a termination signal for 
RNA polymerase I. Possibly the inverted 
repeat forms a secondary structure in the 
nascent RNA transcript that is recognized 
by pol H termination factors. Formally, it 
is still possible that extended 3’ termini are 
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histone san “may have a similar 
ion mechanism to other pol H 
it simply miss out the additional 
leolytic and polyadenylation steps 
sumably due to the absence of a 
y positioned AAUAAA sequence. 
a theory seems more plausible given 
the same RNA polymerase enzyme 
ribes both types of gene. This model 
will soon be put to the test when the true 
- termination sites of several different pol I 
genes (that encode poly(A) containing 
> mRNAs) are mapped and sequenced. 
These genes may possess a sequence 
-identical or similar to the histone 
-termination signal. Unfortunately, most 
gene sequence studies extend only a few 
hundred base pairs beyond the poly(A) 
_ site. If termination occurs over 1 kb 3’ to 
_ the poly(A) site, as appears to be the case 
_ with mouse B-globin, then possible 
_ termination signals will not yet have been 
sequenced. 
-Yeast pol II genes provide yet another 
variation. Recent studies on a naturally 
-occurring mutant of the yeast Iso-I- 
“cytochrome c gene reveal transcripts that are 
- much longer than in wild-type yeast, due to 
extended 3° termini?. Detailed structural 
__ analysis reveals that the mutant gene 
"contains a 38 base pair deletion at the 3’ end 























‘comparison of alle characterized yea: t pol TI 
genes shows that the deleted region me 
includes a sequence homology presentinall » 





the yeast genes but different from 
AAUAAA. Curiously, in this mutant all 
the 3’-extended RNA transcripts are poly- 
adenylated as is the wild-type mRNA. This 
lack of specificity as to which 3° end is 
adenylated is clearly different from the 
situation in higher eukaryotes. Presumably 
termination and polyadenylation are 
coupled events, so that only pol I 
transcripts end with poly(A) 
tails. It would appear that yeast pol H genes 
are intermediate between higher eukaryotic 
histone genes and other pol II genes 
encoding poly(A)-containingmRNAs. © 
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: ‘Two different viral transforming proteins 
bind the same host tumour antigen 


from David Lane and Ed Harlow 


A RECENT publication! by Sarnow and his 
. colleagues shows that in adenovirus- 
transformed mouse cells, a host protein, 
p53, becomes tightly associated with a 
58,000-molecular weight product of the 
adenovirus Elb region — one of the 
‘regions whose product is responsible for 
the transforming capability of adenovirus. 
< What makes the finding of particular 
` interest is that in SV40-transformed mouse 
< cells, p53 also binds to the SV40-coded 
large T antigen, expression of which is 
thought sufficient to transform rodent 
i cells. That proteins from unrelated DNA 
-= tumour viruses should both form a stable 
7 highly specific complex with p53 (ref. 4) 
<: immediately suggests the possibility of a 
common function in transformed cells for 
either the viral proteins or the complexes 
hemselves. 
Interest in p53 has not come solely from 
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tumour virology, but also from the 
discovery of antibodies to p53 in sera from 
animals with a wide variety of tumours. 
Anti-p53 antibodies were first detected 
almost simultaneously in two separate 
fields. DeLeo and co-workers reported that 
a proportion of sera from mice with 
methylcholanthrene-induced tumours had 
anti-p53 antibodies’ while workers with 
SV40 reported that p53 could be immuno- 
precipitated with sera from animals with 
tumours of SV40-transformed cells’. 
Subsequently, anti-p53 antibodies were 
found in mice with Abelson-induced 
leukaemia®. Why this host protein should 
become immunogenic in these animals is 
not clear but the presence of anti-p53 
antibodies in tumour sera is not restricted 
to experimental animals. About 10 per cent 
of sera from human breast cancer patients 
also contain anti-p53 activity, while no 
activity against p53 can be detected in sera 
from normal patients’. 

It is commonly said that the level of p53 
is higher in transformed cells than in 
normal cells**.°. Levels of p53 clearly 
increase following $V40 transformation, 


cells have suggested that they have h 


hypothesis that increased levels of p53 









cells, ps3 has. a ‘half life of Done 
min which increases to more than 24 
§V40-transformed 3T3 cells!’ 

A similar set of observations might no 
be expected in adenovirus-transformed 
cells. Reports of metabolic labelling an 
immunoprecipitation experiments on 
wide variety of non-SV40-transforme 
gh 
levels of p53 than their non-transform 
counterparts. Increased levels of p: 
labelling have also been reported to follo 
lectin stimulation of lymphocytes! and te 
be associated with explants of earl 
embryos!?, f 

These reports are consistent with thé 







































































accompany transformation or rapid cel 
growth but it must be remembered that the 
incorporation of radiolabelled precursor: 
into immunoprecipitated p53 may not be 
an accurate measure of the total protein 
levels of p53. For example, as judged by 
radiolabelled p53, SV40-transformed 
mouse cells have two to three times more 
p53 than mouse F9 teratocarcinoma cells, 
but when tested in a radioimmunoassay for. 
total protein, F9 cells have approximately. 
§0-fold less p53 than the SV40- 
transformed cells!>. Untilanaccurateassay _ 
for total cold p53 is widely used, the claim 
that elevated levels of p53 frequently | 
accompany transformation will have to be : 
held in some doubt. : 

Although the ability to label p53 may be 
reduced in normal cells, careful 
examination has shown that p53 can be _ 
found in almost all cell cultures. The only 
known exceptions to this rule are the 
human tumour cell lines HeLa and EJ’. No | 
detectable levels of p53 have been found in 
these cells, and if these negative data prove 
correct, p53 cannot be essential for cell. 
viability. Likewise, p53 does not represent: 
a universal marker for transformation as it” 
is present in normal cells and absent om 
some transformed cells. 

Although there are very few clues to 
understanding the role of p53 in normal or 
transformed cells, knowing what viral 
processes are dependent or altered on 
binding to p53 is probably one of the best 
avenues to determining its function. Th 
fact that two DNA tumour viruses bot 
produce proteins that complex p53 should 
greatly aid this search and may provide. 
clue to the immunogenicity of ps3 
animals with cancer. 
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om David V W. Hughes 
THE early years of the nineteenth century 
mark a watershed in astronomy. From that 
time astronomers ceased to concentrate on 
recording the positions and movement of 
celestial objects and astrophysics began its 
growth into the dominant force it is today. 
As documented in a recent review of the 
irth of the study of solar-terrestrial 
relations. (Vistas Astr. 25, 419; 1982), a 
factor that helped this transformation was 
the realization, as a result of geomagnetic, 
auroral and meteorological observations, 
that there was an obvious non- 
gravitational interaction between the Sun 
and the Earth. 
-< Our. knowledge of the existence of 
-sunspots is centuries old but the periodicity 
of their occurrence, the so-called solar 
_ eycle, was only reported as recently as 
1843. H. Schwabe, a one-time apothecary 
of Dessau, devoted himself to the 
“observation and recording of sunspots 
_ (some say partly in the hope of discovering 
can intra-Mercurial planet). By 1838 he 
_ began to suspect that the ‘spottiness’ of the 
Sun changed with a period of about 10 
years. He published his conclusions in 
-Astronomische Nachrichten (20, no. 495) 
=> but his discovery did not become widely 
known until Baron von Humboldt 
= publicized it in 1851 in the third volume of 
his popular work Cosmos. This 
popularization opened the flood gates. 
-==> Colonel Sabine of the British army had 
-been analysing a series of magnetic field 
measurements taken from a group of 
observatories dotted throughout the 
British colonies. They showed that the 
-< Earth’s field underwent small fluctuations, 

¿the amplitudes of which varied with time. 
As Sabine wrote: ‘It happens by a most 
curious coincidence” that the magnitude 
-and frequency of magnetic disturbances, 
on a global scale, had a maximum in 1848 
and a minimum in 1843, following the 
sunspots. Sabine published his findings in 
“March 1852 and A. Gautier and Rudolf 
Wolf independently came to the same 
onclusions and published in the same 
ear. 
< As far back as 1747, Hiorter queried 
Vho could have thought that the northern 
ghts would have a connection and a sympathy 
‘ith. the magnet, and that these northern lights, 
vhen they draw southwards across our zenith or 
escend unequally towards the eastern and 
stern horizons could, within a few minutes, 
Se. considerable oscillations of the magnetic 
ee : le poe whole Seep” 
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the periodicity of the auroral occurrence 
frequency difficult to establish. 

Speculation about a connection between 
spots and aurorae and spots and the 
weather had been made in the mid- 
eighteenth century. In 1801, William 
Herschel wen so far as to try and find a 
correlation between the number of spots 
and the price of corn, the latter obviously 
being influenced by the amount of fine 
weather. The 1850s was a time when all 
regularly observed meteorological 
variables were analysed for periodicities. 
The British with their colonial interests 
were especially involved and Indian 
weather reports were carefully perused 
with the hope of producing reliable long- 
range weather predictions. 

The relationship between solar cycles 


Air pollution in the Arctic 


AN extensive study of pollutant transport 
and deposition in the Arctic has recently 
been begun by the Norwegian Institute 
for Air Research with the support of 
British Petroleum Ltd. Not only is the 
Arctic an important region 
climatologically, but the increasing 
interest in the exploitation of Arctic oil 
reserves makes it important to obtain 
baseline pollutant measurements as soon 
as possible. 
Transport of air pollutants into the 
Arctic has received much attention 
recently, and it seems that the Arctic haze 
north of Barrow, first reported in 1956, is 
due to large-scale transport of polluted 
air masses. Aerosol samples from the 
Arctic show that the concentrations of 
trace elements associated with fossil fuel 
combustion reach a pronounced maxi- 
mum in February-March (K.A. Rahn & 
R.J.M. Caffrey Proc. WMO Symp. on 
Long-Range Transport of Pollutants, 
Sofia, 25, WMO no.$38; 1979). During 
summer, aerosol concentrations are very 
low (H. Lannefors, J. Herntzenberg & 
H.C. Hansson Tellus 34A, no.1; in the 
press). This extreme variation is 
_explained by the formation of a cold high- 
pressure centre over northern USSR and 
Siberia in winter, which forces the 
Atlantic westerlies northwards into the 
Barents Sea. This enhances the south to 
north advection associated with the low 
pressures in the Atlantic and the 
Norwegian Sea. In addition, pollutant 
transformation and deposition rates are 
very low in the cold and dark winter 
season. Polluted air masses from Europe 
and the USSR are transferred into the 
polar basin and across the North Pole 


towards northern Alaska and Canada. In 
summer, the circulation becomes more 


| circumpolar, and dry deposition and 











predictions of magnetic disturbances made 
by using sunspot observation were. 
reasonably good. Astrophysical- 
mechanisms connecting changes on the 
Sun and the consequent particle and 
radiation flux to aurorae and magnetic 
disturbances on Earth were also speedily — 
established, The importance of the solar 
cycle was recognized and John Herschel’s 
question ‘‘What can there be to determine 
a periodicity of this kind in the Sun?’’ 
became, and still remains, an a eae a 
stimulus to astrophysicists. 
Sun—weather relationships were a 
different matter. Post hoc correlations 
might be detected but predictions from ` 
them lacked accuracy. There were also far 
too many weather parameters to choose 
from. Even today, though many causal 
relationships have been suggested between . 
ground temperature, rainfall, pressureand 
storms and sunspot activity, none has been 
generally accepted. 0 


from B. Ottar > 
precipitation prevent anthropogenic | 
aerosols from reaching the high Arctic. | 
The new study includes an expansion. 
of the present Norwegian measurement 
programme. Four ground stations in the 
high Arctic (Bear Island, Hopen, 
Spitsbergen, Jan Mayen) and two 
stations along the Norwegian coast will 
operate over a three year period, starting 
summer 1982, together with two inland 
stations. At all stations sulphur dioxide, 
sulphate aerosol and precipitation will be | 
monitored throughout the year. Moreji 
extensive supplementary measurements, | 
including high-volume sampling and |- 
chemical analysis of aerosols and | 
hydrocarbons, will be made during.a few 
1-2 month periods each year. In the same 
periods, intensive aerosol measurements 
will be carried out by aircraft and the 
vertical and horizontal extent of the 
polluted air masses mapped. Soil samples | 
as well as biological samples will be 
collected to evaluate the deposition and | 
accumulation of trace elements andj 
organic components. In particular, the | 
accumulation of chlorinated | 
hydrocarbons, whose presence in the | | 
Arctic air has been demonstrated, will be. 
examined in fish from isolated lakes, | 
Turbulent dispersion over ocean 
surfaces will also be studied in order to 
provide a better basis for calculation of 
hazard zones in connection with blow- 
outs and other accidents. Such studies 
and the background air pollution 
inventory will help the Norwegian > 
Government evaluate possible damage | — 
from Arctic oil activities. 
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tothe core throughout geological time. 


A Max Planck Institut fiir Chemie, Saarstrasse 23. Mainz, FRG 


; Aveiage Nd, Sr and Pb isotopic compositions for oceanic basalts indicate that the present day mantle consists of hre 
` chemically independent components. The recognition of a third mantle component obviates geochemical arguments y hich 
-have been used to support chemical stratification and convective decoupling within the mantle, and the transport of lead 
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CENT geochemical modelling of mantle differentiation and 
rustal growth™™ has suggested that Nd and Sr isotopic vari- 
2 tions in young mantle-derived rocks may be explained by 
mixing of two mantle components, ‘MORB-type’ or ‘depleted 
_ mantle’ material and ‘undifferentiated’ or ‘slightly enriched’ 
-mantle material. In this context, apparently enigmatic variations 
in Pb isotope ratios have been interpreted as indicating that 
the U-Th-Pb system has suffered a more complex evolution in 
the earth than either Sm—Nd or Rb-Sr. An alternative interpre- 
- tation of the data has been proposed by Zindler and Jagoutz®’ 
“who suggested that variations in Nd, Sr and Pb isotopic composi- 
_ tions of mantle-derived rocks indicate the existence of at least 
- three chemically independent mantle components. The acquisi- 
tion of Nd isotope data from St Helena (ref. 8 and Lamont 
_ unpublished data) was particularly important to the formula- 
tion of this hypothesis because it showed that St Helena, 
which is. characterized by the highest *°°Pb/?Pb ratios 
< ever measured in young basalts (see Fig, 1d), falls below the 
“mantle array’ in a plot of '**°Nd/'“*Nd against *’Sr/**Sr (see 
Fig. ta). 
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Fig. 1 Two-dimensional vari- 
ation diagrams for average values 
of Pb, Nd and Sr isotopes in basalts 
from océan- islands and ridges. , 
Localities are labelled as in Pe rcs sae 
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The term ‘component’ is used so as not to imply the conn a 
tions of a word like ‘reservoir’, that a physical entity with these 
compositions actually exists in the mantle. We also do not me 
to imply that only three isotopically distinct materials ex 
within the mantle (a brief look at the crust should dispe an 
such notion). However, the data indicate that, while any numbe 
of isotopically distinct materials may exist, they may all b 
described as linear combinations of three components. = 

The first-order difference between. the two- and three- 
component models is not simply the number of mantle. com 
ponents invoked, for any subdivision of the mantle into. two 
three or n components is necessarily a simplification of the real 
situation. The basic difference lies in the nature of the mechan- 
isms which must be called on to explain the differentiation of 
the mantle into its major observable components. Process S 
which involve the mobilization of silicate liquids or. silica-rich 
fluids within the mantle are thought to fractionate parents from 
daughters in each of the isotope systems under consideration 
Therefore, to propose that, in a gross sense, Nd and Sr isotopic 
variations may be explained by two mantle components. while 
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affecting Rb/Sr and Sm/Nd ratios, and furthermore, that this 
process is not one governed solely by solid-liquid-fluid equili- 
bria in a silicate system. Based on this kind of reasoning, several 
authors™™ have proposed that Pb has been transferred from 
the mantle to the core ina sulphide phase throughout geological 
time, causing a progressive increase in mantle U/Pb and Th/Pb 
ratios. Because the other elements under consideration are not 
chalcophile in nature, their relative abundances in the mantle 
will not have been affected by this process. In contrast, if Nd, 
Sr and Pb isotopic variations support the existence of more 
than two mantle components, then fractionations of all three 
parent-daughter systems may conceivably be in response to 
magmatic or metasomatic processes operating within the mantle 
without calling on a special process to fractionate U and Th 


We now examine mantle Nd, Sr and Pb isotopic variations 
inmulti-dimensional space to investigate systematics which may 
be obscured in two-dimensional variation diagrams. In three, 
four or five dimensions, average isotopic compositions for 
individual ocean islands or island groups and mid-ocean ridges 
‘define a planar array witha high degree of precision and indicate 
_ that mantle isotopic variations are best described by mixing 
between three chemically independent mantle components. 
These results suggest that: (1) processes which involve the 
-mobilization of silicate liquids or silica-rich fluids within the 
mantle, such as metasomatism of magma generation, can 
account for differentiation of the three isotope systems without 
-calling on a special process to produce apparently complex Pb 
-isotope variations; (2) mixing between mantle components must 
-occur without significant fractionation of daughter element 
ratios (Sr/Nd, Sr/Pb and Nd/Pb); (3) mass-balance arguments 
which have been used to support convective isolation of the 
_ lower mantle*~ (and the resulting chemical stratification of the 
- mantle) are not valid, due to the positive identification of an 
< additional important mantle component; and (4) the ‘bulk 
Earth’ °’Sr/**Sr ratio is about 0.7052, significantly higher than 
the range of previous estimates (0.7045-0.7050)'*"*. 

= Recognition of these systematics in the mantle places strong 
-constraints on the evolution of the continental crust. The con- 
_tinental crust is not constrained to lie on the ‘mantle plane’ of 
compositions. However, given that the continental crust has 
“been derived from the mantle through time (albeit indirectly), 
_ the average continental crust must lie close to the plane, within 
:a restricted range of compositions. Details of continental crust 
evolution, in the context of those mantle systematics, will be 
discussed elsewhere’*''*. 





Locality Data sources Nena Nm 
Mid-Atlantic Ridge (AR) 8, 10, 12, 13, 19, 20, 35-38 47 52 
Pacific Ocean Ridges (PR) 8, 10, 19, 20, 36, 39, 40* id 13 

(IR) 20, 26, 39 4 6 

nary Islandst (Cj 20* § 17 
Ores (AZ) 8, 20, 35 7 5 
cension (AS) 13,20 4 4 
ajena (SH) 8,20* 8 12 
ugh (GO) 13, 20 i 8 
stan da Cunha (T) 8, 13, 20* 5 6 
uvet. (B) 13,20 4 3 
ster Island iE) 8,19 é 2 
waiian Islands (HD) 8, 12, 13 19, 20, 41 32 31 
nd of Hawaii (H) 8, 13, 18, 41 20 20 
apagos Islands {GA} 42, 43 13 15 
érguelen - (K) 8, 44, 45 25 25 
celand - aC) 13, 17, 35, 38, 46 177 19 12 


us Lamont-Doherty Geological Observatory, unpublished data. 





$ Gran Canaria, La Palma and Hierro only. 
S Dos ni not include Sao Migiel. : 


ly ac 3 
severe fractionations of U and Th from Pb without significantly 


er of samples for which Nd, Sr, and Pb isotope ratios have been measured. 








"Investigation of the large-scale chemical structure of the mantle 


is facilitated by averaging © the small-scale isotopic 
heterogeneities known to exist in the mantle beneath specific 
volcanic centres (such as the Reykjanes Peninsula”). In other 
words, we would like to obtain representative isotope ratios. 
for mantle segments which are large when compared with the 
scale of melting. In light of these considerations, we have 
calculated average Nd, Sr and Pb isotope ratios for individual - 
islands, island groups and mid-ocean spreading centres. (This 
method was previously used’* to examine Rb-Sr systematics in 
the sub-oceanic mantle.) Because we are attempting to evaluate 
mixing relationships between mantle components, the desired 
information will not be obscured by the enhanced or diminished. 
representation of one or more components at a given locality. ` 

The current data base is only marginally sufficient to accom- 
plish this task with some statistical credibility, due to a lack of | 
single samples for which there are Nd, Sr and Pb isotopic | 
analyses. Hence, we included all available high-precision analy- 
ses of oceanic basalts for each isotope system. This typically 
results in average Pb isotope ratios which are based on analyses” 
of different samples from those used to obtain the average Nd 
and Sr isotope ratios. Although the approach is not ideal, it is 
necessitated by the nature of available data. Had we been 
restricted to dealing only with those samples for which Nd, Sr- 
and Pb isotopic analyses exist, the data base would simply not 
have been sufficient to perform the multidimensional analysis — 
presented here. ue 

Average Nd, Sr and Pb isotope ratios for various localities 
are reported in Table 1. Also shown are the number of samples 
used for computation and the sources for the data. The data 
set used to calculate these averages has been significantly aug- 
mented by the inclusion of unpublished analyses done at 
Lamont and by White. The average values are plotted using” 
standard representations in Fig. 1. While the averaging tends - 
to reduce noise, the patterns formed by the data in these 
diagrams are familiar from the literature. One should note that 
in Fig. 1a, the '“°Nd/'**Nd versus °’Sr/**Sr diagram, the data 
do form a convincingly linear array. 

Planes have been fitted to the 10 possible combinations of 
3 of the 5 isotope ratios using a standard multiple linear regres- 
sion treatment. For 5 of the 10 combinations, the correlation | 
coefficient, r, is >0.98; for other combinations, r can go as low. . 
as 0.72. Factor analysis techniques have been used to evaluate _ 
simultaneously the data in five dimensions CONAL Nd; 
7S r/*°Sr, 2 Pb/?*Pb, mPb/?™Pb, and “*Pb/?*Pb). Using an 
autoscaling technique*’, in which the data within each isotope 7 
system are normalized to the total variation within that system, 


Table 1 Average Pb, Nd and Sr isotopic compositions for mid-ocean ridges and ocean islands 
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Nct 87S r/8°Sr 43nd /'*4Nd 286 Dp /2>4 ph 267 Pbh/7™ Pph 20r pp) (204 pb F Bs i 
23 0.70291 0.513129 18.490 15.49] 38.019 | 
3 0.70269 0.513126 18.355 15.477 37,838 
2 0.70297 0.313093 18.304 15.490 38.048 
0 0.70307 0.512980 19.600 13.613 39.419 
0 0.70379 0.512891 19.731 15,626 39,341 
G 0.70282 0.513010 19.568 15.618 39.112 
1 0.70320 0.512907 20.804 15.789. 40.091 
1 0.70532 0.512574 18.435 15.599 38.917 
3 0.70507 0.512535 18.551 15,527 39.013 
Q 0.70369 0.512840 19.445 15.652 39.065 | 
0 0.70320 0.513022 19.040 15.567 38.616 - 
0 0.70355 0.512993 18,282 15.472. 37.953 
0 0.70338 6.512985 18.338 18.479 38.016 
13 0.70317 0.512992 18.953 15,547 38.586 
25 0.70535 0.512592 18.374 15.538 38.910 
ü 0.70317 0.513045 18. 752 13.502 38.382 


i Na 144Nd values are normalized to '*°Nd/)“*Nd = 0. 7219, and where necessary, corrected to BCR ~ 1 = 0.51264. Symbols in parentesi are used to label 


















‘Three-dimensional, plot 
ge” P “Pp, '3Nd/ 
and- 87g, /86 Sr for basalts 
ocean islands. and:ridges. The 
fit plane is shown. Closed and. 
nsymbols lie above and below 
‘mantle plane’, respectively. 
yes connecting data points t to the . 
plane are parallel to the ‘4°Nd/ 
4nd axis and indicate those 
points which do not intersect the 
plane. Localities are labelled as in 
| Table L 






















-two vectors in five dimensions account for >98% of the scatter 
in the data, demonstrating that the data form a two-dimensional 
or planar array. The plane formed by these two vectors is not 
_ normal to the plane formed by the Nd and Sr axes. A complete 
~ treatment of results for the five ay Ae systems will be published 
> elsewhere’. Only the results for “**°Nd/***Nd versus *’Sr/**Sr 
i. v 206pp/ ***Pb will be discussed in detail here. 

phe plane fit to the data for 'ONd/'*4Nd, °’Sr/*°Sr and 
a 206 pb /? Pb has a co’ relation coefficient of 0.984, is given by 
- the equation 


—0,334640(°’Sr/*°Sr) — 1.48742('4Nd/'“*Nd) 


—8.59379 x 10-37 Pb /?™ Pb) + 1 = 0 

















ie nd i is Shown in Fig. 2. The small magnitude of the coefficient 
or ?°Pb/?™Pb results in part from the large magnitude of 
b/?“Pb ratios compared with *’Sr/*°Sr and '*Nd/'“*Nd 
. The tie lines between the data points and the plane are 
m parallel to the “**°Nd/'“*Nd direction and are meant to 
ree-dimensional visualization. The fit of the data to the 
e is extremely good. Deviations taken normal to the plane 
are smaller than experimental errors for *’Sr/**Sr and 
_2°6pb /?°*Pb and average only slightly in excess of typical experi- 
mental errors for “*Nd/'**Nd. 
While the fit of the data to the plane cannot be contested, 
ne may wonder whether some special differentiation process 
as affected the U-Pb system; especially in light of the 
yarently linear correlation of “°Nd/'**Nd and °’Sr/**Sr seen 
. 1a. In other words, it may be conceivable to have only 
hemically. independent components for '*Nd/'*Nd and 
°Sr, and three for *°°Pb/?*Pb. If three components are 
api opriate for all three isotope systems, a two-dimensional 
rojection taken parallel to the plane should yield an array 
significantly more linear than that seen in Fig. 1a. We 
ested this by rotating the plane about the 87Sr/*°Sr axis. 
esulting diagram (Fig. 3) is a plot of 87Sr/°°Sr versus a 
inction of “°Nd/'“*Nd and *°°Pb/?Pb. Compared with Fig. 
many data points have been rotated into the trace of the 
ane-in Fig, 3, resulting in a significantly improved | linear 
relation. Deviations from the trace of the plane in Fig. 3, 


































elements of interest then, we consider the mantle and. cru 


el to the "Sry" PSr à axis, ae a factor of two. smaller a! 























than those deviations fron a best-fit line to the data in Fig. la. 
Thus, it becomes clear that, as suspected, there is important 
information contained in the scatter of data about the ‘mantle 
array’ in Fig. la. We consider that this critical test: of the 
proposed three-component model has been passed. ae 

Chemically independent mantle components are produced | 
through differentiation of a mantle which is well-mixed sub- 
sequent to core formation. Differentiation of the mantle in ~ 
response to magmatic processes, such as basalt generation or. 
the extraction of. continental crust, will cause fractionation 
of Sm/Nd, Rb/Sr and U/Pb ratios. Resulting mantle 
components will have distinct Nd, Sr and Pb isotope ratios. 
Models which have been proposed to explain Nd and Sr isotopic 
variations in oceanic basalts have generally called on two chem 
cally distinct mantle components’”. However, several 
authors™* 0272 have noted that simple mixing of two com 
ponents is not sufficient to explain Pb isotopic variations (se 
Fig. 1). To resolve this apparent dilemma, a process must 
identified which fractionates U from Pb, but not Sm fro: 
nor Rb from Sr, thus affecting only Pb isotope systematic 
transport « of Pb to the core throughout geological time has be 
proposed’*""* as such a mechanism. Having recogniz 
coherence of Nd, Sr and Pb isotope systematics in the ir 
such ad hoc proposals may no longer be necessary. For th 











be a closed system. Subsequently, ‘bulk Earth’ shall refer. 
to the mantle-crust system and exclude the core. In this conte 
the ‘bulk Earth’ Pb isotopic composition must lie on the Pb: 
geochron. a 

In the context of this three-component model for the mantle 
we are able to make a new and more. accurate estima 
®7Sr/*°Sr in the ‘bulk Earth’. Previous estimates average ab 
0.7047 (refs 12-14) and are made using only the ‘*Nd/!** 
versus °*’Sr/*°Si correlation together with the chondritic vi 
of '**°Nd/*“*Nd (most recently and accurately determin 
Jacobsen and Wasserburg’). By using the equation giv 
the ‘mantle plane’, a ‘bulk-Earth’ *°°Pb/*™*Pb ratio of 
(corresponding to a present-day u equal to 8. 2, an age 
Earth: at 4, 570 mr and initial Pb isotopic ua 
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Fig. 3 Two-dimensional projection, taken parallel to the ‘mantle 
plane’, of average °°8Pb/?°4Pb, '43Nd/'44Nd and *®7Sr/8Sr 
~ values for basalts fron ocean islands and ridges. The coordinate 
._ System has been rotated about the ° 81 /°Sr axis sO that the ‘mantle 
ee plane’ is normal to the Sob ae: The abcissa is *’Sr/*°Sr; the ordinate 
is. a function of both *°°Pb/?Pb and '*3Nd/'**Nd given by: 


fC? Nd/'“*Nd, 206 Ph /?4 DpH) 
= [()?Na/!4Nay $ CPh/ 2 Phi” 
x [sin[arc tan((**Nd/'*4Nd)/(?°°Pb/?*Pb)) +0.0031035]] 


Localities are labelled as in Table 1. Note that this projection 
: -yields a significant decrease in scatter compared with Fig. la. The 

`- trace of the ‘mantle plane’ is shown for reference. The previous 
‘bulk Earth’ estimate for °’Sr/*°Sr of 0.7047 is shown to lie farther 
from the ‘mantle plane’ than any single data point, when plotted 
assuming ‘bulk Earth’ '*4Nd/*44Nd = 0.51262 and 2°°Pb/?%*Pp = 
17.767 (corresponding to a present day u = 8.2, an age for the 
Earth of 4,570 Myr, and initial Pb isotopic compositions from 
Tatsumoto et al.””). A ‘bulk Earth’ estimate of ê *§r/*°Sr = 0.7052 
is compatible with both the ‘mantle plane’ and reasonable values 
for ‘bulk Earth’ Nd and Pb isotope ratios. 


0.7055 


“bulk Earth’ u 


when compared with the 


- value lies between 3.8 and 4.0. 





namics. 


on a small scale”? 





ref. 22), and the chondritic '**Nd/'“*Nd value of 0.51262, we 
have estimated a ‘bulk-Earth’ °’Sr/*°Sr ratio of 0.7052. (While 
ay of 8.2 is considerably higher than u values observed in Cl 
chondrites, it is less than u values observed in some differenti- 
ated meteorites. If lead is treated as a volatile element, its 
depletion in the Earth, relative to Cl chondrites, is not incon- 
‘sistent with depletions observed for other volatile elements.) An 
®7§r/®Sr ratio of 0.7047 would imply a 2°°Pb/?™Pb ratio of 
about 20 in the ‘bulk Earth’, clearly too high for any reasonable 
value. The new value of 0.7052 for the ‘bulk 
Earth’ 5767/8, ratio implies a Rb/Sr ratio of 0.032. Also, 
*°Th/**?Th versus *’Sr/*°Sr correla- 
tion of Condomines et al.”, an “Sr / ®°Sr ratio of 0.7052 yields 
32TH /381J ratio of about 3.9 in the ‘bulk Earth’. This is 
ompatible with Tatsumoto’s’® estimate that the ‘bulk-Earth’’ 


The fit of the data points to a plane carries implications for 
relative compositions of the three components, since mixing 
elationships are not planar in the general case. A planar mixing 
urface, rather than a curved surface or a cloud, will only result 
hen the three components have Sr/Nd, Sr/Pb and Nd/Pb 
s Which are not too dissimilar, and when the mixing process 
not produce severe fractionations of these ratios. That such 
planar array is observed offers some insight into mantle 


Examples from the literature document mantle metasomat- 
or call on mantle metasomatism as a 
ursor to melt generation in the mantle'?*. The present 
ults suggest that metasomatic processes, which fractionate 
“pa ent/daughter ratios and daughter/daughter ratios, do 
‘have an important role in determining the gross chemical 
acteristics of the: mantle, The pins anay is most easily 


g? indicates that a Ta: array will result i tion mixing of : 
magmas where Sr/Pb and Nd/Pb ratios are not fractionated- 
by magma generation processes. At present, our knowledge of. 
solid/ ee partitioning for Pb is not sufficient to resolve this 

point’ i 

Source materials for magmas in the ‘mantle: may then be- 
considered as composite mixtures of varying amounts of the 
three components without requiring -chemie | stratification 
within the mantle. This is a realistic scenario in which to produce 
the chemical. and isotopic variations observed at individual — 
volcanic centres”. In some areas, however, where metasomat- 
ism has affected the source mantle before basalt generation, 
isotopic compositions of basalts are expected to deviate from- 
the ‘mantle plane’. | a 

Recent models’* have proposed that the continental orast.. 
is the only geochemical complement to the depleted mantle 
observed at mid-ocean ridges. In such a context, material bal- 
ance arguments have been used to show that only 20-50% of 
the mass of the mantle need be depleted to produce the con- 
tinental crust. These arguments have been taken to support | 
convective decoupling of the upper and lower mantle, and- 
consequently, chemical stratification of the mantle. Having 
identified a third mantle component, we can no longer realisti- 
cally consider that continental crust is the sole complement to 
the depleted mantle. (This was pointed out by Anderson? using | 
arguments based on the presence of an enriched reservoir in: 
the mantle). Therefore, the material balance arguments. used — 
previously are invalid, and from a geochemical standpoint the 
question of whole-mantle versus part-mantle convection - 
remains open. This point has been made independently by. 
Allegre et al.** who show that-uncertainties in input parameters 
are sufficient to allow the possibility that the whole mantle has 
been depleted to produce the continental crust, ¢ven in the 
context of a two component mantle. 

Nd, Sr and Pb isotope ratios have been shown to delineate 
three chemically distinct components within the Earth's mantle, 
Two of these components, undifferentiated or slightly enriched 
mantle material, and MORB-type or depleted mantle material, 
have received much attention recently’*"**", On independent 
grounds, Hofmann and White??? Chase**, and Zindler and 
Jagoutz*’, have suggested that recycled oceanic: crust may have 
a role in determining the chemical characteristics of volcanics. 
at some ocean islands. Therefore, it is appropriate to consider 
whether subducted ocean crust will have the chemical charac- _ 
teristics required by the third component (high U/Pb and 
Th/Pb, low Th/U, and intermediate Sm/Nd and Rb/Sr ratios i 
with respect to the other components). The chemical charac- — 
teristics of subducted ocean crust are determined by magma 
generation processes at mid-ocean ridges and volcanic arcs, by 
sea-floor alteration processes, and by the presence of seamounts 
or ocean islands. The effects of these processes on Rb/Sr and 
Sm/Nd can be predicted on the basis of the geochemica 
behaviour of these elements. However, the behaviour of U and 
Pb during magma generation and ocean crust alteration: Eo 
complex and poorly understood '**, Further, a range of 
isotopic compositions will result from the subduction of ocean - 
crust materials at different times during Earth history. An © 
accurate assessment of the suitability of subducted ocean crust _ 
for the third component must await further work. 


Summary and conclusions 


Nd, Sr and Pb isotope ratios in mantle-derived rocks denci a 
plane in three, four or five dimensions, and demonstrate that ~ 
the interactive portion of the Earth’s mantle is composed of | 
three chemically distinct and independent components. The 
recognition of a third significant chemical component in the . 
mantle obviates geochemical arguments which have been used _. 
to support chemical stratification and convective decouplin 
within the mantle, and the transponi of Pb to the cori 
tironghou! geological time. 




































pate 1 1¢ ‘mantle plane’ will be useful as.an aid 

| derstanding geoche lical aspects of petrogenetic processes 
different tectonic settings. As discussed above, specific condi- 
mixing are required to generate magmas whose isotopic 
sitions lie on the plane. Where isotope ratios in volcanic 
ts are observed to deviate significantly from the plane, 
s-on the nature of magma generation processes and 
terials can be inferred. For example, melting of meta- 
tically veined mantle may produce magmas with 
alous isotopic compositions. In addition, products of intra- 
1 differentiation are not constrained by mantle isotope 
tematics and may have isotopic compositions which lie far 
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transition from a fishing-based economy to pastoralism. 


_ DURING the past 15 yr, considerable evidence has been presen- 

ted to illustrate the Holocene limnological histories of many 
_ East African lakes'*. Research has demonstrated several for- 
- mer periods when lake levels were higher than today, some of 
-. which were broadly synchronous in different basins, and which 
have generally been attributed to palaeoclimatic variations. We 
: report here the principal results of a multidisciplinary study of 
< the Holocene sediments of Lake Turkana, providing new 
evidence for lake level fluctuations, and for the palaeo- 
climatology, palaeoecology and archaeology of East Africa. 
Lake Turkana, one of the oldest and largest African lakes 
900 km’, 125 m maximum depth), occupies a predominantly 
arid basin of internal drainage at the northern end of the 
a Rift (Fig. 1). Its waters, which are moderately saline and 
line” 10 are mostly derived from the Ethiopian Highlands, 
hı ough the Omo River'’. Like most non-outlet lakes, 
rkana’s waters have been subject to climatically-induced 
tuations in level and i of variable magnitude, 
req ency and duration” a 
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Palacolimnology and archaeology of Holocene 
- deposits north-east of Lake Turkana, Kenya — 
R. B. Owen’, J. W. Barthelme’, R. W. Renaut’ & A. Vincens’ 
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: Geological diatom, pollen and archaeological studies, supported by 24 original radiocarbon dates, provide new evidence 
o illustrate the Holocene history of Lake T urkana, Kenya. High and intermediate lake levels are recorded between 
000 and about 3,000 yr BP, with a general regression during the later Holocene. Archaeological finds document the. 


ica dea the j isotopic compotion: of pees magmas a 
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Holocene lacustrine sediments lie around the margins. of the 
lake, up to 80m above the present (July 1976) lake surfac 

(~375m OD). Although sediments north of the lake have 
already been examined’*'*, Holocene deposits from the other 
shorelines have previously received little attention. North-ea 
of the lake near Koobi Fora (Fig. 1), they are torinally t termed 
the ‘Galana Boi beds”. 


Geology and lithofacies of Galana Boi béas 


The Galana Boi beds are a sequence of predominantly lacus 
trine and marginal lacustrine, poorly consolidated 
diatomaceous silts and sands. They rest unconformably © 01 
Plio—Pleistocene sediments over an area of ~2,000 km’. Whe 
exposed, they are mostly <10 m thick, but attain an aggreg 

thickness of 32 m in Area 103 (Fig. 1). The deposits lie up t 
80 m above the modern lake and are unaffected by tecto 
except locally near the Kokoi uplands (Fig. 1), where the y 
been uplifted. : 
Littoral sandy units crop out as Clee ananos cu 
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Fig. 1 Simplified geological map showing the distribution of the Galana 
Boi beds, east of Koobi Fora. Area numbers shown in the inset refer to 
fossil-collecting areas as designated by the Koobi Fora Research Project. 


_ bodies parallel to former shorelines, while lacustrine silts have 
_cinfilled palaeovalleys. Fluctuating lake levels during deposition 
- have contributed to the development of lenticular and interdigi- 
tating sedimentary units, displaying vertical and lateral facies 
variations over short distances. Though commonly horizontal, 
primary depositional dips of up to 15° have developed where 
: sediments drape over topographic highs. 

<< Nearshore, moderate- to high-energy environments such as 
beach bars, barriers and sandy littoral shelves, are represented 
_by a sublitharenite-quartz arenite lithofacies™®. These 
 beterogeneous sediments are typically well sorted (locally with 
-distinct heavy mineral laminae) and although commonly mass- 
ive due to bioturbation, many kinds of stratification are present. 
“Typically they form linear bodies <2 m thick. Molluscs are 
common and include Mutela emini, Etheria elliptica and Pila 
ovata. Calcified root-tubules™ and fish bones are locally 
numerous. | 
-` Distal alluvial and delta plain environments, and parts of 
egies adjacent | to river mouths, are associated with a 










stratification i is perierally poor and units are ay <2m thick. 
CaCO; concretions, rhizoliths, root-marked palaeosols, mol- 
cs, fish and other vertebrates are locally present. 

ae energy lacustrine environments are represented by a 









sommonly xd laminated (up to 1 cm), locally fissile and 
in a maximum thickness of about 20 m. Diatom content 
ges up to 10° individuals per g of sediment. Nitratine 
pos ie pies forms up to ve of f the igen in Area 103. 








Etheria elliptica orms s reefs up to 4r m thick. Their relationship | 


Probably vepren a contemporary ash fall into, ae forme 















to other facies indicates a high-energy environment. In the. 
second, Melanoides tuberculata and Corbicula africana 
variously dominate in silty sand units <10 cm thick. The degree 
of shell wear shows that both in situ and reworked assemblages 
are present. Third, a few outcrops of impure diatomite record. 
former lagoons and areas of low clastic input. 


Stratigraphy and chronology 

Much of the data presented here originate in Areas 102 and 
103 (Fig. 1). The stratigraphy of Area 102 is summarized by : 
the transect in Fig. 2. The stratigraphies of Area 103 and other 
localities are shown in Fig. 3. Many new radiocarbon dates 
have been obtained” from the region and are listed in Table 
1. The time-spans represented by the sections (Figs 2, 3) are- 
shown in Fig. 4, together with a generalized plot of former lake 
levels against time. For descriptive purposes, three high level. 
phases are recognized. These ‘phases’ do not represent con- 
tinuously stable levels, but periods of varying duration in which | 
the lake was high and fluctuating between +50 and +80m. 
Early Holocene sedimentation (phase 1): The diatomaceous 
silts of section C in Area 102 (Fig. 2) record a period of high | 
lake levels (+75 to +80 m). They thicken to the east and south, © 
and probably represent a large part of the early and middle — 
Holocene. To the south-east, the basal units have been dated : 
at 9,880 + 670 yr BP (ref. 24) (section 103/4, Fig. 3). Pe. 

South of the Kokoi uplands (Fig. 1), dates of 9, 540+ 260 6 
and 9,260+ 235 yr BP have been obtained from molluscs in- 
high level spits (uplifted to +95 m), In the same area, mammal 
bones from littoral deposits have yielded ages of 8,395 +270 
and 8,355 +235 yr BP. 

Shells from littoral sands (+70 to +80 m) near Ileret (Fig. 1) _ 
have been dated at 9,360+ 135 yr BP (ref. 17). Locally, these ` 
sands contain abundant stromatolites'°*°° (section 3/42, Fig. 
3). In Area 127 (Fig. 1), subarkosic sands, silts, clays and impure 
diatomites represent former littoral and lagoonal environments. 
Shells from these deposits (+73 to +75 m) have yielded ages 
of 8,710 + 130 and 8,520+ 130 yr BP, while fish bone has given 
a date of 7,855 + 160 yr BP. Locally, these sediments are over- 
lain by reefs of Etheria elliptica {section 127/52, Fig. 3), which | 
have given erroneous modern ‘‘C ages. i 

The dates reported above show that phase 1 (Fig. 4) accords - 
with the high lake levels widely recorded in East Africa™® for 
the early Holocene (~~ 10,000-7,500 yr BP). | 
Middle Holocene sedimentation (phase 2): Following the early 
Holocene lake maxima, Butzer'® found evidence in the Omo . 
region (Fig. 1) for a fall to modern levels at 6,600 yr BP. 
Although the diaton record from section103/72 (Fig. 5) does 
suggest a regression that could relate to such an event, we lack _ 
evidence for a drop of such magnitude. This regression (Fig. | 
4) was followed by the higher, fluctuating levels of phase 2, > 

Phase 2 littoral deposits lie at ~+70 m in Area 103 (5, 060+. 
245 yr BP) ** and +67m, 5km north-east of Koobi Fora 
(4,540 + 230 yr BP)”. Several dates (3,960+60, 3,945+135. . 
and 4,100+ 125 yr BP) have been recorded from littoral sands — 
at +45 to +47m (GaJi4, Fig. 2). These units overlie- 
diatomaceous clayey silts and silts (with Stephanodiscus and 
Melosira dominated diatom floras, Fig. 2) that formed under — 
an expanded lake whose shoreline (~+55 m) may be marked ` 
by the planar cross-stratified sands of section B (Fig.2). 

Phase 2 represents a middle Holocene period of high (upto 
~+75 m) fluctuating lake levels. However, the later stages were _ 
characterized by lower elevations of ~+50 to +55 m (Fig. 4), © 
Late Holocene sedimentation (phase 3): Phase 3 (Fig. 4) is | 
recorded by 6 m of white, highly diatomaceous, laminated silts. 
(section 103/6, Fig. 3), 5km south-east of Koobi Fora. The ~ 
base of this sequence lies at ~+35 to +40 m. Its stratigraphical 
relationship to sediments dated further east indicates a late ` 


Holocene age. An interbedded white vitric tuff (8cm thick) 



























deight above’ 
lake (m) East 
a 






oboe N eae 
Lote Se. LR W, 
* : GLD s, EEEN 












“Geological transect and rep- 604 










tive- microfossil spectra from 58 Base ` Sas 
02. The location of the transect g not oie i 
wn in Fig. 1. The three sections 56 





ë accurately levelled relative to one 















Diatoms 
ther and then related to the height BR Meiosira 
the lake surface (in July 1976) by aes | Stephanodiscus 
- using a barometric altimeter. a CCo oren 
l ae Rhopatodia 
m Others 
Pollen 


(__]Gramineae 
aad Eypha 





One possible source may be the North Island volcano 
(Fig. 1), where trachytic lavas”? overstep high-level, wave-cut 
: platforms of probable early or middle Holocene age. An ill- 
defined series of beach ridges and regressive littoral sands 
“record lower, fluctuating lake levels for the past two millennia. 

Although the third phase remains to be dated radiometrically, 
it may be of broadly similar age to a late Holocene high stand 
-recognized in the Omo region at 3,250 yr BP (ref. 14). 
-Other confirmed and probable Holocene lake sediments at 
-+75 to +80m have been reported from the southeastern”? 
_ southwestern*® and western?’ lake margins. 
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ig. 3 Simplified litho- and microfossil stratigraphy of the Galana Boi 
is. Lithologies: 1, coquina; 2, Etheria reef; 3, stromatolites; 4, impure 
tomites; 5, diatomaceous silts; 6, sands; 7, orthoconglomerates; 8, tuff. 
1¢. base of section 103/6 is not exposed. GF, Guomde Formation; KF, 
obi Fora Formation. Diatoms: a, Melosira; b, Stephanodiscus; c, Cy- 
clotella and Thalassiosira; d, Fragilaria, e, Cocconeis; f, Rhopalodia; g, 
others. Pollen: A, montane forest and thicket; i, local steppic. elements; h 

Graniineae; k as h Pia i m, t, Others: - ae 
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: 103/72, combined with a scarcity of benthic and epiphytic. 


decline in Melosira at 3.8m recording an early Holocene 


phase 1 and phase 2 recorded elsewhere (Fig. 4). The sul 
‘sequent transgression would then be of middle Holocene age 
_ the record ending at ~5,000 yr BP. If the latter interpretatic 


several inferences to be made concerning. the former hy 
_ chemistry. Today, Lake Turkana is saline (2.5 g1) andal 
3 (19-25 mequiv.! 1) with a pH of ~9. 2 and a SIO; conce: 
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Diatom stratigraphy and lake palaeoecology 




























Figure 5 shows the diatom stratigraphy of section 103/72, whic! 
lies 9km south-east of Koobi Fora (Fig. 1). Its base lies a 
~+30m and lateral tracing to locally dated units (sectior 
103/4, Fig. 3) brackets it between ~9,880 and 5,060 yr BP (ref. 
24). oe 

Abundant planktonic diatoms in the lower 3.8 m of section — 


species, suggest a period of deep water and high lake level. 
(phase 1). Lower levels are indicated by a dramatic decline in 
the planktonic species Melosira agassizi and M.: granulata- 
agassizi, and by an increase in shallow water forms such as 
Rhopalodia vermicularis and Cocconeis placentula. : 
An increase in the planktonic component. (dominated by 
Stephanodiscus) between 6 and 6.5 m reflects a second high © 
level period, after which the lake was generally lower, but still _ 
covering the section site. Two, probably short-lived, trans- 
gressions can be inferred from increases in Stephanodiscus 
minutula (formerly $. astraea v. minutula) at 7.9 mand Melosira. 
nyassensis v. victoriae at 7.2m. At the top of the section, a 
decrease in diatom abundance, i increasing grain size and littoral 
sands all indicate a fluctuating, regressing lake. 
Although the basal silts of section 103/72 are certainly earl 
Holocene, a lack of datable material at the top of the silt 
(10 m) has left the section open to two possible interpretation 
First, the silts could be entirely of early Holocene age, t 


regression. This implies a very high average sedimentation rate 
of at least ~1 m 300 yr™’, with even higher rates to the south 
and west where the silts. thicken to ~20 m. Alternatively, the 
Melosira decline could reflect the fall in lake levels betwee 







is correct, then the altimetric data, diatom stratigraphy anc 
continuity of silt sedimentation would indicate that the lake d 
not fall below about +50 m for any extended period betwes 
~ 10,000 and 5,000 yr BP. 

The youngest diatomaceous units (phase 3 in Fig. 4; secti 
103/6 in Fig. 3) contain a flora dominated by Fragilaria pi 
and Melosira granulata, but significantly include a few 
Thalassiosira rudolfii and Cyclotella meneghiniana for the firs! 
oC a latter diatoms occur in the modern saline, alkaline 
lake 

Ecological studies of modern East African diatoms?’ allo 
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oncentrations of from ~1 to 10 mgt. 


ollen of the Galana Boi beds 

igures 2 and 3 give the locations of five samples from which 
ollen was obtained. Sample P-S is of early Holocene age, while 
he younger P-1 to P-4 material extends into the middle 
olocene. | 

~The oldest pollen spectrum was extracted from the base of 
coquina dated at 9,880+ 670 yr BP (section 103/4, Fig. 3). It 
characterized. by abundant regional elements—montane for- 
„and thicket taxa (36.8%), which do not occur in modern 
ake samples”’. The pollen grains were probably transported 
o the lake by rivers originating in the Ethiopian Highlands. 
hey suggest both increased runoff and an extension of the 
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‘ig. 4 Holocene fluctuations in the level of Lake Turkana and other East 
African lakes. a; The Holocene fluctuations of Lake Turkana, based on 
original (+) and. previously published (@) dates (refs 16, 17, 24, 27, 29, 
-from shoreline deposits of known height. Individual data points 
ave not been joined. together as this process can introduce a false sense 
accuracy, The. dates themselves. commonly have error ranges of +100- 
jO yr. Several dates from a single unit at the same level may give a wide 
‘Dates from. archaeological site GaJi 4 for example, range from 
4,580: yt BR, with an exceptional date of 10,320 yr BP (probably 
ial). ae more. dates become available « so ro oi 








a iply s C + 0 equiv. 
i salinities below 2g! apHof <18 3 and fluctuating SiO, 


associated with the. lacustrine ‘sites, direct evidence for their. 
| consumption is lacking. ch ) : 


= catchment: "Arborsél fonii are uncommon 6. 2%) a among s local’ 


elements, which are dominated by herbaceous types, notably . 
Gramineae (21.2%) and Compositae (7.4%). The. 
Chenopodiaceae/ Amaranthaceae, which indicate saline soils, 
occur in low percentages (2.2%). re 

Samples P-1 to P-4 (sections A and C, Fig. 2) are younger : 
and very different. They are dominated exclusively by taxa that- 
typically inhabit lake margins in sub-desert zones*” . Regional : 
elements are absent or rare (0.4% in P-2) with only. two taxa, 
Juniperus and Myrica, being represented. The occurrence of 
Typha and Pteridophytes in percentages >1% suggests” the > 
presence of rivers, although runoff was probably less than in 
the early Holocene. Local arboreal elements are rare (0.3 
0.4%). Among local herbaceous forms, Gramineae are ve 
abundant (77-99%). The Chenopodiaceae/ Amaranthaceae 
again occur in low percentages (2.7% maximum): In two- 
samples Tribulus constitutes 8.4—10.1% of the total pollen sum. 
(P-2 and P-4, Fig. 2). This herbaceous taxon is today associated J 
with refuse tips and is widely distributed in sub-desert zones*’ 

Its occurrence may reflect the presence of local human encamp- 
ments. 

The early and middle Holocene lake margins were covered: 
by a sub-desert steppe with well developed, herbaceous vegeta- . 
tion similar to that of today, although arboreal forms were more. 
common at 9,880yrBP. The poor representation -of 
Chenopodiaceae / Amaranthaceae and the occurrence of Typha 
and Pteridophytes indicates the presence of freshwater rivers, 
supporting the other evidence for a lake less saline than today. 
The distribution of regional pollen suggests a more humid 
environment at 9,880 yr BP, but by the middle Holocene, cli- 
matic conditions had become more comparable with those of 
the present. 










Archaeology 


Two principal human economic adaptations are represented in 
the Holocene deposits. First, associated with early Holocene 
beaches, and continuing through into the middle Holocene - 
deposits, are a distinctive set of lacustrine based occupations. 
Faunal refuse consists primarily of fish bones, while cultural 
materials include barbed bone harpoons and, at some sites, 
decorated and undecorated pottery. Seven large occupations 
are situated on the +75 to +80.m shoreline. Dates of 8,710+ 
130 yr BP (GaJi 11, Fig. 3) and 8,395 + 270 yr BP (FxJj 12, Fig. 
3) have been obtained from two of the sites. Importantly, C- 
ages of 9,540+ 260 and 9,260+ 235 yr BP were obtained from 
a basal Melanoides coquina at FxJj 12. This horizon contains 
a low density scatter of microlithic artefacts and fish-bone 
refuse. While the small excavation did not yield barbed bone- 
harpoons, the lithic material indicates that by 9,500 yr BP,- 
human groups with characteristic Later Stone Age lithic 
artefacts, were camping adjacent to the +75 to +80 m shorelin 
The lacustrine based sites exhibit broadly similar technolo; 
cal and economic features. The lithic assemblages are primar 
composed of microlithic elements (especially crescents and cur- 
ved backed blades), morphologically unstandardized scrapers, 
outils écaillés and core tools. Barbed bone harpoons, including 
uniserial, biserial and triserial examples, have beén recovered. 
Two sites (FxJj 12 and GaJi 11) lack pottery remains suggesting: 
a possible aceramic occupation phase. Decorated and undecor-— 
ated pottery is represented at the remaining five shoreline sites. 
Numerous sherds similar to the well known ‘wavy-line’ pottery 
from the Sudan” are present at FxJj 12-North**. Fish remains, 
primarily several species of catfish and Nile Perch, constitute 
the major proportion of faunal refuse. Hippopotamus and 
crocodile, in addition to a wide variety of land mammals, are 
also represented. While freshwater molluscs, including such 
edible species as Pila ovata and Etheria elliptica, are commonly 
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trine adaptation are known from the northern’®**, south- 
: western’ ? and southeastern”? margins of the basin, 
=: The second principal economic tradition, the Pastoral Neo- 
: lithic, i is associated with the second phase of high lake levels. 
. Domestic stock, including ovicaprids and probably cattle, are 
_ present at sites GaJi 2 and GaJi 4 (Fig. 3). A suite of “C 
_ determinations (Table 1) date the occupations to ~4,000 yr BP. 
These dates currently represent, along with preliminary dating 
: results from North Horr**, the earliest securely dated evidence 
for domestic animals in Eastern Africa“. At two sites, 
anomalously old shell dates of 8,915 +140 yr BP and 10,320 
130 yr BP have been recorded. These probably represent 
reworked debris and in both cases are associated with suites of 
younger dates from various materials. 

Both pastoralist settlements lie within middle Holocene 

beach sands at +43 to +47 m. Stone artefact assemblages consist 
-Of typical Later Stone Age microliths and debitage. Several 
distinctive pottery types, including Nderit Ware, are represen- 
“ted. While fishing continued to play an important subsistence 
role, barbed bone harpoons are absent. The early pastoralists 
had apparently devised an alternative, as yet unidentified fishing 
tegy. Faunal remains of wild animals are noticeably scarce. 
A third pastoralist settlement, the Ileret Stone Bow! Site, 
“yielded a single ‘“C date of 4,000+ 140 yr BP. Domestic cattle 
„and ovicaprids are present in apparent association with stone 
“bowls. 
_ While little archaeological material is associated with the 
third phase, recent fieldwork to the south-west’ | suggests that 
‘human groups were pursuing a combination of aquatic and 
‘pastoral economic adaptations. 


Discussion 

-Late Pleistocene high-stands are recorded for several East 
_ African lakes’. None has yet been recognized at Lake Turkana 

for the period 35,000-10,000 yr BP. This may reflect either a 

tinuously low status or the erosion of any high-lake sedi- 

s that were deposited. 

ake Turkana expanded during the early Holocene, periodi- 

lly reaching +80m. Contemporary local hunter-gatherer 

ups. camped adjacent to its fluctuating shorelines and 

eased their reliance on fishing. 

Sandy silts at Todenyang (Fig. 1) that dip below the modern 
k e urice, have yielded, Single mixed PEI date of 6, 600 



































-suggests that many minor oscillations were superimposed o 


overflowed into the Lotigipi Plain (Fig. 1) and thence to 
| River Nile'®*?, 


= chrepoleset link nee ne walls food producing t 








































150 yr BP (ref. 14), which indicates a fall to modern levels duting 
the middle Holocene. Although we do not reject this possibility, | 
our experience of shells in the Turkana basin has shown that 
they may be reworked with little damage and should be inter- 
preted with caution. If valid, the date implies major desiccation - 
of a large lake at.a time when the great majority of intertropika 
African lakes were at high or intermediate status** . No 
evidence has been found for significant contemporary erosion 
of the unconsolidated sediments in area 103 which span this 
period. Similarly, evidence is lacking for a fall of such magnitude | 
to the south-east of the lake’®. While accepting a possible drop _ 
to intermediate levels at this time, we lack evidence to confirm 
a fall to modern levels. aS 

During the remainder of the middle Holocene the lake was. 
fresh and fluctuated between high and intermediate levels, The 
local vegetation was dominated by Gramineae and by 
4,500 yr BP, human groups with domestic animals were present. 

Lake Turkana contracted during the late Holocene and 
became significantly more alkaline. While we have evidence 
for a lake standing at about +50 m, we lack data to confirm 
the rise to +75 m at 3,250 yr BP suggested by Butzer’®. Th 
lake level oscillated below about +50 m after 3,000 yr BP. Gets 
16, 30) (Fig. 4). | 

The lake demonstrates hydrological variability both in’ ti 
and space. Hydrodynamic variations and consequent differ 
ces in the nature of the surface level record around the laki 
partly reflect the influence of prevailing easterly winds. Hi 
energy shorelines predominate to the west, whereas more mixed 
energy environments occur to the east. The diatom recor 


the major fluctuations. In addition, alternating light and dz 
laminae in silts may reflect a cyclic input of flood waters, simi 
to those from the modern Omo River. 

The lake level fluctuations can be mostly attributed to. vari 
ations in the water balance caused by climatic change. The k 
may have increased its catchment for periods during the earl 
and middle Holocene by receiving overflows from Lake Che 
Bahir™” Fig. 1) and a former lake in the Suguta Valley to th 
south’’"'. At its maximum level (+80m), Lake Turkan 































The archaeological data may provide a geographical 
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a 7 a e Date dated unit above 5" 
fake of dated unit dated Laboratory date no. (yr BP) lake level (m) 
ae Beach sands Bone apatite (M) Geochron Gx-5475-A 4,560 +4 185 55-56 
~ Etheria reef Etheria shell Geochron Gx-5477-A Modern - 75 
©, Etheria reef Etheria shell Helsinki Hel-1275 Modern 75 
“Sand bar Shell Helsinki Hel-1276 8,5204130 pe 
_ < Sand bar Etheria shell Helsinki Hel-1277 8,710+130 73-75 
Sand bär Bone apatite (F) Geochron Gx-5476-A 7,855 + 160 | 73-78 
Sand spits Shell Geochron Gx-5479 9,2604 235 95 (uplifted). 
- Sand spits Shell Radiocarbon Ltd. R1-954 9,540 + 260 95 (uplifted) 
Sand spits Bone apatite (M) Geochron Gx-S5481-A 8,395 +270 95 (uplifted) — 
Sand spits Bone apatite (M & F} Geochron Gx-5480-A 8,355+ 235 95 (uplifted) — 
Beach sands Bone apatite (H) Geochron Gx-4733-A 3,2154155 100° annals 
Beach sands Charcoal Un. Penn. P-2609 3,970+60 43-46 pa 
Beach sands Charcoal Un. Sydney SUA-634 4,1604110 43-46 2. 
Beach sands Shell Un. Sydney SUA-635 8.9154 140 43-46 
Beach sands Charcoal Un. Sydney SUA-637 3,945+135 45-47 
Beach sands Humic acid from SUA-637 Un. Sydney SUA-637-B 4,100+ 125 45-47 
Beach sands . Charcoal Un. Penn. P-2610 3,960+ 60 45-47 
Beach sands ‘Bone apatite (M) Geochron Gx-4642-I-A 3,405 +130 45-47 
Beach sands Bone apatite (F) Geochron Gx-4642-I1-A. 4580+170 45-47 
Beach sands Shell Un. Sydney SUA-638 10,320 + 150 43-47 
Fluvial sands Bone apatite (M) Geochron Gx-4643-A 4,000+ 140 
Sandy silts Shell Geochron Gx-5478 13,0404 640 ~ 
Burial site 1 Bone apatite (H) Geochron Gx~-4641-A Modern = 
Burial site 2 Bone apatite (H) Geochron Gx-6400-A 3,125+210 = 
Previously obtained dates 
Sands Shell a _ 9360+ 135 70-7357 
J ‘Area 103**4 Coquina Shell m- _ 9,880 + 670 52-85? : 
Area 103**4 Sandy silts Shell 7 = 5,060 + 245 70-73? 
1 Area 103% Silts Charcoal m — 4,390 +2385 65-687 ` 
Area 102*7 Beach sands Shell Un. Birm. Birm-540 4,5404230 67 

































* Reference number. 


in the Sudan and later pastoralist occupations in the central 
Kenya Rift. The appearance of early pastoralism in the Turkana 
basin may have been the result of small-scale population move- 
ments caused by middle Holocene climatic deterioration in the 
Sahel and Savannah zones, or the diffusion of pastoralist tradi- 
tion*. Ehret®* indicated that the linguistic evidence supports an 
ncestral Southern Cushitic identity for these early pastoralists. 
hile this evidence is being evaluated™*, the archaeological 
ta from the Turkana basin seem to support the Cushitic 
A odel” 30 

An alternative model for the beginnings of pastoralism in 
st Africa has been proposed by Nelson (ref, 55 and unpub- 
ied data). He has uncovered evidence of domestic cattle 
ome 40 km to the south of Nairobi, reported to date between 
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The Heret date of 9,360 yr Bp is quoted as published as we have not been able to confirm any recalibration. 


14,000 and 15,000 yr BP. This date would require rewriting of _ 
the history of animal domestication worldwide. However, it is — 
based on a single C determination on bone apatite (from our 
experience, a sometimes unreliable dating material) and faunal — 
elements studied only in preliminary form. While a challenge. 
to other models of early domestication in East Africa, including 
that presented here, more “*C dates and extensive comparative 
examination of the fauna are needed before the far teachi ing 
implications of Nelson’s work can be accepted. E 
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Cosmids containing H-2 histocompatibility antigen genes of the H-2” haplotype have been isolated. One of these. genes 
expresses a 45,000 molecular weight protein, indistinguishable from H-2K° when introduced into mouse L cells. These 
H-2K” transformed L cells can be killed by allospecific anti-H-2K° cytotoxic T cells. Moreover, when infected with 
“influenza virus, they can be killed by an H-2K°-restricted, influenza virus-specific cytotoxic T cell line. These results 
show that expression of the H-2K” gene product on the L-cell surface is sufficient to make it a target for specific F-cell 


a Killing 


oN CELL-surtace glycoproteins encoded by the genes of the ma jor 
o histocompatibility complex (MHC), H-2 in mouse, HLA in 
man, are important in regulating cell-cell interactions, 
< especially those governing the functions of the immune system’. 
Class I molecules, of which the best characterized are encoded 

by genes on the H~2K, D and L regions (Fig. la) act as guides 

.. for presenting extrinsic antigen (for example viruses) to 
-cytotoxic T cells, whilst class II molecules encoded by genes in 

-the I-region perform a comparable function for T helper cells’. 

How extrinsic antigens are presented in association with self- 

. MHC molecules is still very poorly understood, partly because 
-the structure of the T-cell receptor is unknown. However the 
-problem can be approached by study of MHC molecules them- 
_ selves. Knowledge of the amino acid sequence and three- 
dimensional structure of these molecules has progressed very 
ey apidly over the past few years (see, for example, ref. 2). The 
=- H-2K and H-2D gene products are highly polymorphic, which 
may reflect the importance of genetic variation of MHC 
> molecules in overcoming virus infections. The mutation rate, 
articularly of class I H-2 molecules is extremely high’ and of 
all of the H-2 haplotypes studied, that of H-2” is the highest. 
‘Within this haplotype it is the H-2K* molecule which under- 
goes mutational change most frequently. Nathenson et al.* have 
determined the complete polypeptide sequence of the H~2K° 
molecule of CS7BL/10 mice and have also determined portions 
of the sequence of several mutants? which express an altered 
H-2K° molecule. Information about the DNA coding for these 
molecules is thus of great interest, and may give insight into 
1e mechanism of mutation and generation of new haplotypes. 
Several groups have isolated cDNA®’ and genomic DNA 
nes*”'° containing class I H-2 or H-2 related DNA sequen- 
ces from BALB/c mice (H-2* haplotype). We have isolated 
-~ 100 different cosmid clones, containing sequences mapping 
to the H-2 and associated regions (Fig. la) of chromosome 
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17 from a cosmid library constructed using spleen DNA from 
C57BL/10 mice (H~2° haplotype). A full description of th 
construction and screening of these libraries together with 
chromosomal mapping data for all the H-2-related cosmid 
clusters, will be given elsewhere. Here we describe a cluster of 
five overlapping cosmids (the H8 cluster) and show that one of 
the two H-2 gene sequences cloned in this cluster encodes a 
cell-surface antigen which is recognised by H~2K” restricted 
T cells. It therefore appears identical to the H-2K° polypeptide 
found on cells derived from C57BL/10 mice. 


Restriction map of the H8 cosmid cluster a 


The H8 cluster of cosmids consists of five overlapping corii 
containing two class I H-2 related genes, approximate 
15 kilobases (kb) apart, which hybridize to human genomic 
and H~2 cDNA class I gene probes“ (Fig. 1b). The DNA: clo 
in this cluster spans about 65 (kb) of the C57BL/10. g 
and the two H~2 class I gene-related sequences are ar 
in a head to tail configuration, as determined by hybridiz 
to 5’ and 3’ probes obtained from the HLA or H-2 prob: 
The left-hand gene (H-2 genes are defined here as DN 
sequences which hybridize to HLA and H-2 class I probes) 
present in cosmids H8, H25, H24 and H39 (A gene), where 
the right-hand gene sequence (B gene) is present only in. F 
and H21. As polymorphic restriction site mapping of this cosm 
cluster shows that the cloned region is derived from the H 
(Fig. 1a) end of the H-2 complex (manuscript in preparati 
we investigated whether one (or both) of the two gene re 
in the H8 cluster encoded an H~2K’° cell-surface antigen.’ 
we have introduced each cosmid into mouse Ltk™ (of. F 
haplotype) cells using CaPO,-mediated DNA transfer 
tested the resulting tk” clones for expression of new 
cell-surface antigens using (1) direct monoclonal ani 
antibody binding (2) antibody-dependent complement 
ated lysis and (3) alloreactive anti-H-2K° T-cell mediate 
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Table 1 Antibody-dependent cytotoxicity assays 





% Specific *'Cr release 


(cell lines) 
. _ Antisera/antibodies Ltk” LH8 LH39 
- WS9/7B («K*) 73 71 61 
2 D32(aD*) NIH 63 71 61 
/ D1 (@H-2") NIH 58 No 66 
D8 (a H-2") NIH 21 70 44 
100-5 (anti-H-2.11/aH-2K*) mono- 62 50 44 
< cona" 
Anti-H-2.33 (a K") NIH unabsorbed 2 72 6 
(Ia-9-20) B10 absorbed 0 0 0 
% AKR absorbed 2 66 0 
| D28 (@H-2°) NIH unabsorbed 21 70 44 
$ B10-absorbed 1 1 0 
Ss AKR absorbed 2 48 0 
: De 13 (eD")* 4 6 0 





‘The dhiökiiüin release assay was performed essentially as described 
ry. ‘Sanderson ”. Details of all antisera and monoclonal antibodies 
ccept 100-5°° and 27-11-13"! can be found in ref. 14. Absorptions 
of antisera were carried out before binding to cell lines using either 
Jed 510) or AER E a, Cell lines tested for lysis in 


| maximum é, pmi x 100. Spontangòua. release was 10-13%. 
mbers s shown i ina box are e significant results showing specific H-2K” 


ie cosmid: jii ibra ry y used in this s study w was s constructed using the 
mid ; paar pOPF aei d 























| Fig. 1 a, Genetic map of the mouse H-2 and associated genetic loci. The top line shows a diagram of chromosome 17 with the centromere 
on the left. The bottom line shows an expanded diagram of the regions between the H~2K locus on the left and the TL locus on the: right. 
H-2 class 1 molecules (C) are expressed from at least four separate genetic loci as shown by the arrows below this line. 6, A restriction > 
enzyme map of the region cloned in the H8 cosmid cluster. The top line shows the extent of the cloned region and the approximate positions © © 
of Xhol(X) and. KpnI (K) restriction sites (see top scale calibrated in kilobase, kb). Class 1 gene regions (A and B) are shown as thick lines : 
and their 5’ to 3’ orientation is indicated by the thick arrows over the line. The approximate extent of each cosmid is shown below the line ©. 
beside the name assigned to each cosmid. Dotted lines at the end of cosmids indicate that the end of the cosmid has not been determined precisely. 






























HAT medium, were tested for their ability to bind anti-H-2K° 
or anti-H-2D° monoclonal antibodies in  ‘'*I-radio- 
immunoassays. The results of a binding assay using Ltk* cell 
clones derived by transformations with H8, H24, H25, H39 
and a control, H11 (a cosmid which maps to the H-2 related 
TL region; in prepa ation) are shown in Fig. 2. Both clones © 
derived from H8 transformations (LH8.1 and LH8.2) bind: 
anti-H-2K” monoclonal antibody at a level higher than that of 
the positive control EL4 cell line (an H-2” fibrosarcoma. cell _ 
line). All other cell lines tested show only background levels 
of anti-H-2K° monoclonal antibody binding. Anti-H-2D° 
monoclonal antibody was not bound to any of the cell lines 
tested. Recently, Goodenow et al.® and Evans et al.'°, have 
both detected the expression of a cloned H-2L* gene in trans- 
formed cells by using a monoclonal antibody binding assay. 

In addition, a series of well characterized anti-H—2 allo- 
antisera was used. In this case, binding of antibodies to L-cell 
lines was assessed using either complement-dependent 
chromium (*'Cr) release (Table 1) or complement-mediated 
growth inhibition assays (Table 2). 

These assays both demonstrate that L cells transformed with. 
cosmid H8 express a cell-surface polypeptide which is recog- « 















Table 2 Antibody-dependent growth inhibition 








% Specific growth 


inhibition 
cell lines 
Antisera/antibodies Leells LH8.1 LH39 
Anti-H-2.23 (a K“) NIH 74.8 85.8 87.3 
100-30 (anti-H-2.25/aK"D*) mono- 78.8 896 93.5 


clonal* 
Anti-H-2.28 (@H-2°) NIH unabsorbed 4.2 
B10 absorbed NT 
AKR absorbed NT 
NIH unabsorbed (} 
B10 absorbed NT 


AKR absorbed NT 


Anti-H-2.33 (a K”) 





NT, not tested. For sera see Table 1. B10 = CS7BL/1 10. The ann eu. 
inhibition assays were performed as described previously?" L cells were 
cultured in Cooke flat-bottomed microculture plates at 104 per wellin 5 
4 ul for 45 min at 37°C in RPMI with 10% fetal calf serum in co, 
and air with 1 yl of antibody per well (final dilution 1/5). Rabbit — 
complement (1/5 diluted) was then added and the incubation continued 
for another 30 min. '“C-uridine was added and the incubation continued ` 
for 6h. 0.025% Trypsin in phosphate-buffered saline was then added _ 
and incubated for 30 min. After three washes the wells containing 
adherent cells were punched out and counted in a scintillation counter. 
Cell lines tested in this assay were untransformed L cells (Ltk™), a 
cloned L-cell line transformed by cosmid H8 (LH8.1) and uncloned _ 
tk” cells transformed by cosmid H39 (LH39). Numbers shown in a box 
are significant results showing seat H- |-2K° expression. 
* Lemke ef al? 
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Fig. 2 Histogram showing the binding of monoclonal antibodies 
to transformed L cells. Binding studies were done in Titertek 96 
ell flexible plastic plates (Flow Laboratories). These were first 
sked with radioimmunoassay RIA buffer (0.1 M phosphate- 
uffered saline, pH 7.2 plus 0.02% NaN, +1% bovine serum 
albumin) and cells were assayed at 5 x 10° per well in triplicate. 
Cells were incubated with the first antibody in a volume of 100 pl 
: of MEM-H (Eagle’s minimal essential medium plus HEPES buffer 
+0,1% NaN; +5% calf serum) for 1h at room temperature on 
“a. Titertek plate shaker (Flow), washed 3x with MEM~H and 
then incubated for 45 min with i25 I-labelled affinity purified sheep 
anti-mouse immunoglobulin (10-15 uCi per ug) in a volume of 
100 pl containing ~10° cpm. per well. Cells were washed 3X 
and counted in a Nuclear Chicago y scintillation counter. The 
monoclonal antibodies used were anti-H-2K"(Y25, „ê gift of E. 
“oA. Lerner) used at a dilution of 1:2,000 or anti- H-2D" (B22-249- 
B Ri, see ref. 23) used at a dilution of 1:100. LD1 cells are Ltk” 
a control cells. 
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<- Fig. 3 Immunoprecipitation of radiolabelled cell-surface anti- 

“gens from transformed L cells. Cell- surface proteins of cells indi- 
cated were radiolabelled with 25I by the glucose oxidase- 
lactoperoxidase catalysed iodination technique** and lysed with 
ynionic detergent (0.5% NP40 in 0.01 M Tris-HCI buffer, pH 
4 containing 0.15 M NaCl, 1.0 mM MgCl.) in the presence of 
000 KIE mi”! Trasylol (soy bean trypsin inhibitor), Reaction of 
© solubilized cell membrane proteins with monoclonal antibodies 
and alloantisera was determined by immunoprecipitation using 
©. Staphylococcus aureus and SD§S-polyacrylamide gell elec- 

-< trophoresis of the resulting precipitates as previously described”*. 

~-Precipitations were done with BALB/c-normal mouse serum 
{control} a, with monoclonal antibodies (refs. 19, 20) specific for 
H-2K* (H100-5) b; H-2K° (20-8-4s) c; H-2K”, D” (28-8~6s) 
d: H-2D", L°(28-14-8s) €; and with alloantisera raised against 
the private specificities of H-2K° f, g; and H-2D” A. The anti-H- 
2K” sera (Ax B10. D2)Fy anti-B10.A (5R)) were either preabsor- 
ed with AKR (H~2*) lymphocytes which remove antibody against 
wurine leukaemia virus gp70 but not H-2 ( ps! or with B10 lym- 
hocytes, which specifically remove anti- H-2K" alloantibody (g). 
Note that both monoclonal antibodies and alloantiserum with 
pecificity for the H-2K” molecule precipitated a 46,000 molecular 
yeight protein, which is identical i in molecular weight to the H-2K” 
xpressed on EL4 (H-2°) tumour cells. Co-precipitation of B2- 
icroglobulin (82m), incorporation of trititated mannose and 
‘glucosamine, and binding to Lens culinaris Sepharose (not shown) 
‘indicate that the cloned H-2 K” gene product is expressed on L 
cells in the same manner as in normal H-2 ° lymphoid or tumour 
cells (ref. 4), 
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4 vs ; ; 
Antibody binding to diei cell tines was ee to be s 
for H-2° antigens, because preabsorption of the antiser 
spleen cells from B10, but not AKR (H-2*) mice blocks bindi 
L cells transformed with cosmid H39, which contains the 
gene, but not the B gene, do not express the public or pr 
H-2° determinants defined by the alloantisera we used. Allce 
lines, including untransformed Ltk” cells (which are derives 
from the C3H mouse of H-2" haplotype) react with monoclo 
antibodies and alloantisera directed against H-2“ cell-surf: 
antigens. The data suggest that cell lines transformed with 
cosmid H8 express a cell-surface antigen which is indistingui 
eke To the H-K” molecule nang SE antibodies. In dd 
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Fig. 4 1-2 10° target cells were labelled with 100 aCi 1Cy-labelled oR 
sodium chromate for 1h then washed twice. 1 x10° Labelled target cells, = 
in 100 ul volumes were placed in round-bottomed wells of microtitre plates. 
For the cytotoxic T-cell lysis (CML) killer cells, generated in 3-day mixed. 
lymphocyte culturés:(CBA anti-BALB.B=k anti-b, B10 anti-CBA=b 
anti-k) were added in 100 pl to give attacker: target (A:T) ratios of 45:1, 
15:1, 5:1 and 1.7:1, Three triplicate wells of each A:T ratio were set up, 
After 5h incubation at 37°C in a 5% CO, humidified atmosphere the 
plates were spun and 100 pl of the supernatant from each well. collected: 
and counted for released y counts, The per cent’specific. lysis was calculat e 
according to the formula (E -C/(M-—C)* 100% where E = cpm. fro 
target cells incubated with killer cells, C =c.p:m: from target cells Patak 
in medium alone and. M =c.p.m. from target cells lysed. with 5% Trito 

ooo LA” refers to. control Lk” “cells. T 





to those cell lines transformed with ee H24, H25 and H39 
URAR that the > H-2K" pole ee e aa n mde transfo 















L-cells ape EE with cosia. H8 contain HOOK? ee) chain 
polypeptides on the cell surface was obtained by labelling 
cell surface proteins of transformed cells with ‘I a 
immunoprecipitating the cell extracts. This was done by. using 
either alloantisera o ‘monoclonal. antibodies directed aga 
the H-2K° molecule. Immunoprecipitates were analysed 
SDS-polyacrylamide gel electrophoresis and the results a 
shown in Fig. 3. The H-2K‘-specific alloantisera and two mo 
clonal antibodies (anti-H-2K® and anti-H-2K"D°) precipi 
cell-surface polypeptides of molecular weight 45,000 — 

12,000 (H-2 heavy chain and 8,-microglobulin respectivel 
from extracts of L cells transformed with cosmid H 
polypeptides were precipitated from the LH8 cells 
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pect 16/11/5 and A3.1 will - | 
be described in detail elsewhere (A.R.M.T. and PMT, 
anuscript in preparation). . ‘Clone A3.1 is restricted to | 
D® and clone T6/11/5 to H-2K". In brief, CS7BP6 °°! 
ice were primed by ultranasal infection with A/X31 or 
JIAP influenza virus. T,-cell lines were established from 40} 
leen cell suspensions from these mice by repeated stimula- | 
tion with. 2,000R irradiated A/X31 infected syngeneic 
“spleen cells, either in the presence (A3.1) or absence 
_ (T6/11/5) of a source of growth factors from concanavalin 
A-pulsed rat spleen. Cells from both sources were cloned at Jha 
0.5-10 cells per well onto 5x 10° 2,000R X31 infected 4 2 
-syngeneic spleen in the presence of 10-20% concanavalin 
AS/N. 10-20 days later they were transferred to 2-ml wells 
-and maintained by repeated antigenic stimulation with p 
2,000R X31 infected syngeneic spleen in the presence of | o Kill 
20%. concanavalin. AS/N every 5-10 days. Chromium Í 
‘release assay: Transformed and untransformed L cells were 80 
plated out at 3x 10* per well in 100 jl a medium containing 
10% fetal calf serum 18h before assay into Nunc 96 well 
flat-bottomed wells plated in the presence of 2 pCi of 
sodium chromate (*'Cr). Before the assay the plates were 
spun at 1,000 r.p.m. for 5 min and the medium from wells 40 
containing cells to be infected removed by suction. To each 
“oof these wells was added 100 ul of serum free a medium 
containing 320 HA A/X31 and the plates incubated for a 
further 1.5 h. The plates were then washed four times with 
200 pl per well balanced salt solution and the cells in all Q 
~ wells finally resuspended in 100 ul of RPMI medium plus 
10% fetal calf serum. Control target cells were 3% thiogly- 

, sollate-induced peritoneal exudate cells from BIOASR (H~ 
IK", D") and B10 HTG(H-2K4, D*) mice. 10” cells were 
labelled with 100 Ci Na chromate (°'Cr) and infected with 
3,200 HA A/X31 in 0.5 ml serum free RPMI for 1.5 h. 
“Immediately before the assay they were washed four times 
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"m 10ml phosphate-buffered saline and resuspended in RPMI 10% fetal calf serum. 2 x 10° targets were dispensed in 100 yl to wells of Nunc 96 well flat-bottomed = 
“microtitre plates. The cloned cytotoxic cells, at the ratio indicated in the figure, were added in 100 ul plus 10% fetal calf serum to experimental wells, 100 ul RPMI 
plus 10% fetal calf serum alone was added to control wells. The plates were spun at 1,000 r.p.m. for 1 min and then incubated for 6 h at 37°C. The collection of 


_ *'Cr-containing supernatants was done as previously described**. All samples were counted on a Wallac 80,000 y counter for 2 min. Results were calculated as 

























oO specific °'Cr release from target cells as follows: 


‘Anti-H-2K° antibodies also fail to detect any polypeptides in 
‘untransformed Ltk” cells or in cells transformed with cosmid 
H39 which contains the A gene. Preabsorption of the anti- 
H-2K° alloantisera. using unlabelled B10, but not AKR 
lymphocytes prevents the precipitation of H-2K° and 8,- 
microglobulin from extracts of cells transformed with cosmid 
i8 (Fig. 3, lanes g and f respectively). 

cytotoxic T-cell killing of L-cells: The presence of the H-2K° 
olecule.on a cell renders these cells as targets for allogeneic 
ytotoxic T-cell (T. -cell)-mediated killing by T, cells raised 
gainst H-2° antigens’. A number of indirect arguments sug- 
est that the presence on the cell membrane of a given H-2 
olypeptide, such as the H-2K° molecule is sufficient to gener- 
i target for T.-cells. For example, this process can be blocked 
‘monoclonal antibodies directed against a single H-2 poly- 
ide'®. To test this further, we generated T, cells directed 
st H-2° or H~2* antigens and tested their ability to kill 
ous target cells (Fig. 4, Table 3). Whereas anti- H-2* T, 
ells show specific killing of all L-cell lines tested, anti-H-2° 
cells show specific killing of only control B10 target cells 
d two L-cell clones. (LH8-1 and LH8-2) transformed by 
nid H8. Untransformed L cells (Ltk), a clone transformed 
smid: H25. (LH25- -1) and other clones transformed by 
ds H24 and H39 (data not shown) were not killed by 
-2° T. cells. These data confirm that the H-2K° molecule 
d by. serological assays in cosmid H8 transformed cells, 
as a target for anti-H-2° T-cell killing. 

e performed a similar experiment using B10.D2 (H-27) 
lls generated by immunization with target spleen cells 
m. the. recombinant mouse B10.A (5R) K*, D°). Such T. 
¿cells expressing the H-2K° but not the H-2D° 
hese Tc cells also kill L cells transformed with 














release in presence of cloned T, ~ medium release 


but. not L cells. ‘transformed with cosmid H39 


x 100% . 


Triton release ~ medium release 


All points are the mean from three identical wells. O, Control target cells; A-3.1 H~2D° (restricted) effectors, C], Control target cells; T6/11/5 (H-2K° restricted) 
effectors. @, Infected target cells; A-3.1 effectors. W, Infected target cells; T6/11/5 effectors. 


Thus, these data suggest that the B gene present in cosmid . 
H8, but not present in cosmids H24, H25 and H39, encodes a 
molecule carrying the determinant recognized by anti-H-2° and Oe 
anti-H-2K° T. cells. ee 
T-cell killing of virus-infected L-cells: T, cell mediated lysis of z 
cells expressing viral antigens on their surface can only take- 
place when the viral antigen is presented to T, cells in association 
with an appropriate H-2 antigen; in this way H-2 antigens act © 
as a restriction element for the T-cell response". Thus, we 
tested the ability of the H-2K” molecule expressed on the 
surface of L cells transformed by cosmid H8 to act as a restric- 
tion element for T.-cell-mediated killing of influenza virus- 
infected cells. | 

Influenza-specific T, clones restricted to one H-2 region can 
be selected and grown in the presence of T-cell growth factor’, 
L cells (H-2*) and LH8~-1 cells were infected with type A 
influenza virus (A/X31) and used as target cells for twe 
influenza-specific H-2” T. clones, one restricted to H-2I 
(T6/11/5) and the other (A/3.1) to H-2D° molecules (A. 
Townsend and P. M. Taylor, unpublished data). Figure 5 shows 
that X31 infected, untransformed L-cells (H-2*) are unable to 
act as targets for killing by either the H-2K° or H-2D° restricted 
T.-cell clones. LH8~1 cells infected with X31, however, act as 
targets for killing by the H~2K° restricted T.-cell clone, but — 
not the H-2D° restricted clone. This shows that the H-2K° 
molecule expressed on the surface of LH8~1 cells is able to act _ 
as a restriction element for T,-cell killing of X31 virus-infected 
cells. 


Discussion 
We have shown here that the H8 gene cluster contains two 


H-2 genes, one of which (gene B) is an H-2K° gene. The |. 
second gene. (gene ‘A) does not express a polypeptide that can | 














be detected | by any 0 the immunological criteria: wé e have used 
































k -Stimulator % . Speci fic ly si ca ae 





__. strain = effector: target ratio 
(H-2 haplotype) (Target cells) 100 50 10 
C57BL/ 10 L cells. 7.0 1:2 ~ 
(H-2 >) LH8 52.7 28.9 

Expt 1 LH8.1 58.7 39.2 
LH39 6.0 4.5 
LH39.1 1.4 0.7 
LH8.1 45.0 19,1 
LH8.2 40.9 16.6 
Expt 2 LH39.1 “AL 1.9 
B10.blasts 48.6 


B10.BR blasts 





> B10.I B10A({5R) L cells 11.0 12:7. 

(H ~2%) (bbkkdddd) LH8 . 51.7 26.0 

of’ oe Expt 1 LH8.1 53.3 32.0 
LH39 22.0 10.3 
LH39.1 18.8 8.0 
LH8.1 50.3 25.3 
LH8.2 50.8 21.6 
LH39.1 16.4 5.3 
B10 blasts ; 


46.2 





41.2 
10.0 







B10.D2 


16.4 10.1 We 





Cytotoxic T lymphocytes (CL) were generated in vitro from splenic lymphocytes of responder strain mice (B10.BR and B10.D2) which had 
-been inoculated 1 week earlier with 4x10’ stimulator strain (B10 and B10.A(5R) respectively) splenic lymphocytes. Responder lymphocytes _ 
< -Were cultured in flasks at 2 x 10’ per ml with an equ ual number of irradiated (2,000 rad) stimulator splenic lymphocytes in 10 ml culture medium - 
; | streptomycin, 5 x 10°°M 2-mercaptoethanol). Cells were collected after. 
- § days’ incubation at 37 °C in 8% CO, in air and assayed for cytotoxic activity against normal (L cells) or transfected (LH8, LH39) tumour cells 
z !Cyr-labelled sodium chromate. These cells were grown as monolayers and detached by treating for 5 min with 0.25% trypsin/versene 
| in phosphate-buffered saline before being labelled with sodium chromate (100 uCi per 5x 10° cells) | for 2 h, washed four times to remove any 
_ free radioactivity, then suspended in assay medium, (RPMI 1640 with 10% fetal calf serum) to 10° ml™ 
round-bottomed microtitre plates, CL at 10’, 5x 10°, 10° and 10° per ml were prepared and 0.1 ml samples added per well followed by 0.1m 
-of transformed. cell (TC). suspension. Plates were centrifuged at 100g for 45 s then incubated at 37 °C in 8% CO, in air. Each CL:TC ratio wa 
aS performed in triplicate and controls for spontaneous release of radioactivity included (0.1 mi TC plus 0.1 ml assay medium). Maximum release 
Of label was estimated by incubating 0.1 ml TC with 0.1 ml of 1% Triton X-100. After 4h, plates were centrifuged again for 10 min tö pellet 

cells and 0.1 ml supernatant collected from each well into small tubes for counting radioactivity released. The percent specific lysis or release was 
> calculated as: (test c.p.m. — spontaneous c.p.m./maximum c.p.m.) x 100. Spontaneous release for all TC was ~ 12% and for all samples in the table 
“the-mean s.d., was 1.3, range 0.1-6.1. LH8 and LH39 are uncloned cell populations whereas LH8.1, 8.2 and 39.1 are cloned cell lines. | 


(RPMI 1640 with 10% fetal calf serum, 100 U ml penicillin, 10 pg ml” 
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and may perhaps be a pseudogene. We have determined part 
: of the DNA sequence which corresponds to the first and second 
omains of the A and B genes. While the sequence of the B 
is identical to that expected for an H-2K° gene, the A 
shows only about 75% homology with this sequence — 
blished results). It is therefore clear that if the A gene 
does encode an H-2 protein, this protein is no more similar to - 
H-2K" : gene product than to any other H-2 molecule’, 
i That the B gene is the H-2K” gene is shown by a number of 
functional’ criteria. First, L cells transformed with the B gene 
from the H8 cluster express a 45,000 molecular weight polypep- 
de which carries determinants characteristic of the H-2K° 
\olecule and which reacts with a number of H-2K°-specific 
monoclonals. This suggests that all the epitopes normally associ- _ 
ated with the H-2K” molecule are present on the surface of 
transformed L cells. Second, L cells transformed with the — 
B gene are recognized as targets for allogeneic (anti-H-2°) T, 
cell killing and for virus-specific, H-2 restricted T,-cell killing | 
nfected cells. 
nese results. suggest that a detailed molecular analysis of 
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. The CML assay was performed in 


the determinants recognized by antibodies and the T-cell recep. 
tor, using cells transformed with recombinant DNA will be 
possible. Specifically, L cells transformed with hybrid H- 
genes, constructed in vitro, which contain DNA segments: fre 
say, the H-2K” and H-2D* genes should help determ 
whether T.-cell clones, either allospecific or H-2 restricted 
kill such target cells. In this way, we hope to map the 
minants recognized by specific monoclonal antibodies an 
the T-cell receptor. 

We thank Professor N. A. Mitchison and Drs A. Portai 
(ICRF) and A. Alonzo for helpful discussions, B. Jordan. 
Kourilsky, M. Steinmetz and L. Hood for the probes, an 
O'Carroll for preparing this manuscript. L.G. and E.W 
the recipients of postdoctoral fellowships from the Hele 
Whitney Foundation and the Deutsche Forschungsgem 
schaft respectively. The work in the laboratories of R. 
E.S. and A.R.M.T. was supported by the MRC. Work in 
laboratory of H.F. was supported by the Cancer Resea 
Campaign and work in the laboratory of R.J. by the imp 
Cancer Research Fund. 








6. Steinmetz, M. et al. Cell 24, 125-134 (1981). 

7. Kvist, S, et al Proc. nain, Acad. Sci. U.S.A. TB, 2772-2776 (1981), 

8. Steinmetz, M. et al, Cell 28, 683-692 (1981). 

9. Steinmetz, M., Winoto, A., Minard, K. & Hood, L. Cell (in the press}. F 

10. Evans, G. A., Margulies, D. H., Camerini-Obero, D., Ozato, K. & Seidm 
natn. Acad. Sci, U.S.A. 79, 1994-1998 (1982). 

11. Malissen, M., Malissen, B. & Jordan, B. R. Proc. natn. Acad: Sei. U. S.A, 3 
(1982). 

12. bias lias et.al Proc, natn. Acad. Sci. U.S.A. 76, + 1373- 1 76 (1 793, 















Weyand, C: TE SOE G. j. & pepe J. Nature ‘292, 627-629 iiy 
17, Zinkernagel, R. M. & Doherty, P. C. Ado, Immun, 27, 51-177 (1979). 

18, Lin, Y.-L. & Askonas, B. A. J. exp. Med. 154, 225-234 (1981). 

i; Sanderson, A. R. Nature 204, 250-253 (1964). 











FIVE of the more than 20 complement proteins are directly 
‘involved in complement-dependent membrane damage and 
cytolysis’’; these are C5, C6, C7, C8 and C9. Enzymatic 
leavage of a single peptide bond in CS initiates’ self-assembly 
of the five proteins into a supramolecular organization termed 
he membrane attack complex (MAC) of complement’. 

Assembly proceeds from formation of the bimolecular complex 
CSb-6 to the reaction of C5b-6 with C7, which results in 
formation of the intermediate complex, C5b-7. After binding 
of C8 by C5b-7, the C5b-8 complex reacts with multiple C9 
‘molecules, leading to the formation of the MAC. Assembly of 
the MAC results in the expression of hydrophobicity by the 
originally hydrophilic proteins. Hydrophobic protein domains 
eem to be responsible for the insertion of C5b-7 into target 
membranes“ and for membrane damage caused by the binding 
to C5b-7 of C8 and C9 (refs 6, 7). Complement-induced mem- 
brane lesions can be visualized by electron microscopy as 
Originally reported by Borsos, Dourmashkin and Humphrey’. 

By negative staining, an individual lesion appears as a circular 
tain-filled structure, which projects ~12 nm above the mem- 
rane surface and which has an inner and outer diameter of 
0-11 nm and 21nm, respectively’, As the isolated MAC 


xtracted from complement-lysed cells'*'’ or assembled from 


Formation of transmembrane tubules by 
spontaneous polymerization of 
the hydrophilic complement protein C9 
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The ninth component of complement C9 can undergo circular polymerization in the fluid phase and on lipid membranes. 
The concomitant hydrophilic-amphiphilic transition is the result of a conformational reorganization of C9 and allows 
insertion of poly C9 into membranes in the form of a transmembrane protein channel. The ultrastructure of poly C9 
resembles that of membrane lesions caused by complement. 

















































the isolated precursor proteins‘*"'*, has an ultrastructure that 
resembles the image of an individual membrane lesion, it has 
been proposed that each membrane lesion actually constitutes, i 
one MAC"! 

Membrane damage and cytolysis caused by the MAC has: 
been attributed to lipid bilayer perturbation'®*” and to trans- 
membrane channel formation’*'*'*, A critical role for C9 in 
MAC function and structure is indicated by the following: (1) 
Although it is not an essential component of immune haemoly- 
sis, C9 markedly increases the rate of lysis of CS5b-8-bearing 
erythrocytes’’. (2) Up to six C9 molecules per C8 molecule 
were reported to be incorporated into the MAC?! and sub- 
sequently, as many as 12-16 molecules per MAC have been 
estimated”. (3) C9 is essential for the formation of the MAC- 
induced ultrastructural membrane lesions'*’*. (4) The size of | 
the MAC-produced membrane pore was reported to be depen- 
dent on the concentration of C9**. (5) C9 within the membrane- — 
bound MAC was found to be the MAC subunit that was 
e labelled by membrane-restricted-photoactivat- 
able probes’. (6) Isolated C9 underwent spontaneous poly- 
merization at 37 °C to form circular polymers resembling the 
MAC in ultrastructure** 

We report here that C9, a water-soluble plasma protein, can 


Fig. 1 Ultrastructure of poly C9. 
C9 was isolated according to 
Biesecker and Müller-Eberhard”" 
and was incubated at a concentration 
of 5.3 uM in TBS at 37°C for 64h. 
Samples were negatively stained. 
with 2% uranyl formate and 
examined in a Hitachi model 12A 
electron microscope at an initial 
magnification of 19,550 fa). 
Poly C9 was visualized as a stain- 
filled tubule with an inner diameter 
of 11 nm (top views are imaged as 
tings} and a length of 16 nm (side 
view, black arrows). The thick- 
rimmed end comprises a ~3 nm- 
thick torus with 21nm_ outer 
diameter (black arrowhead). 
other end of the tubule terminates 
in a hydrophobic domain that forms 
side-by-side aggregates (b-d). The 
white arrows indicate the overlap- 
ping areas that presumably represent 
the hydrophobic segments with a 
aia of 4 am. Seale ka i am, 
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Fig. 2 Interaction of C9 with lipid membranes. Monomeric ae 
< Jabelled®’ C9 (2.6 uM) was incubated in TBS with *H-labelled 
-egg lecithin vesicles (0.44 uM). Small unilamellar vesicles were 
prepared by sonication for 1h as described elsewhere”. The 
samples were then floated through 35% (w/w) sucrose, dissolved 
© in TBS; 1 mbof the sample was made 40% in sucrose, placed on 
top of a 0.75 ml cushion of 60% sucrose, overlayered with 3 ml 
of 35% sucrose and 1 ml TBS, then centrifuged to equilibrium at 
> 120,000 for 20 hat 4 °C. Fractions (0.25 ml) were collected and 
Lee analysed for '"C and °H radioactivity. a, C9 was incubated with 
vesicles at 37°C for 64h and most of the C9 underwent flotation 
together with the vesicles. b, C9 was exposed to vesicles at 4°C 
for 64 h; only a small fraction of C9 associated with the floating 
vesicles. c, When the vesicle-containing fraction of a was again 
ultracentrifuged in 35% sucrose containing 2 M NaCl, almost all 
the C9 remained bound to the lipid. d, When the corresponding 
fraction of b was treated similarly, most of the C9 dissociated and 
payee behind the floating vesicles. The direction of flotation is 
towards the left. 

















m polymerize and thereby become an integral membrane protein 
laving membranolytic activity and the ultrastructural appear- 
ice characteristic of complement-induced membrane lesions. 


-C9 acquires hydrophobic domains on 
spontaneous polymerization 


| Isolated monomeric C9 is a-water-soluble protein consisting of 
a Single polypeptide chain with a molecular weight of ~71,000 
(ref. 25). It is monodisperse on ultracentrifugal analysis and 
has a sedimentation coefficient of 4.58. During incubation for 
:3 days at 37°C, isolated monomeric C9 polymerized and 
assumed the ultrastructural appearance shown in Fig. 1. Views 
- from the top and sides suggest that poly C9 is a 16 nm-long 
tubule with an internal channel of ~11 nm diameter. One end 
of the tubule is rimmed by a ~3 nm-thick torus of 11 nm inner 
vand 21nm outer diameter. Analytical ultracentrifugation of 
poly C9 showed a polydisperse sedimentation behaviour with 
sedimentation coefficients in the range 27~250S. Poly C9 aggre- 
gi a to form arrays in which the tori of f adjacent tubules 



















: ja apm to a 278 species on a treatment 


egg lecithin vesicles were incubated with monomeric C9 


interaction was ionic. because C9 could be dissociated from: 





into monomers. The aes cue of C9 sugges 
dodecameric to hexadecameric composition. In view 
molecular weight of monomeric C9, the calculated molecuul 
weight of poly C9 is 0.85~1.14 x 10°, in agreement with p 
liminary molecular weight determinations. Fo 

The amphiphilic properties of poly C9 were tested by S idyin 
C9-phospholipid vesicle interaction. In a typical experime 













days at 37 °C to effect C9 polymerization. After ultracen 
tion of the protein-lipid mixture in 35% sucrose, most ol 
poly C9 (60-90% ) underwent flotation together with 
vesicles (Fig. 2a). Incubation of C9 with vesicles at 4 
not promote C9 polymerization and resulted in only 1 
binding of C9 to the vesicles (Fig. 2b). The latter prot 








vesicles by 2 M NaCl (Fig. 2d). In contrast, the poly C9-lipi 
interaction at 37°C was stable on exposure to 2M NaC 
2c), suggesting hydrophobic interactions between poly C9 an 
the hydrocarbon core of the lipid bilayer. The differential- b 
ing of C9 at 4°C and 37°C cannot be attributed to differ 
physical properties of the egg lecithin vesicles because bot 
temperatures are well above the phase transition. Therefo 
the increased affinity of C9 for lipid at 37°C must be due. 
C9 polymerization and concomitant acquisition of hydrepho! ic 
domains. ae 












Membranolysis by poly C9 


The acquisition of hydrophobic sites by polymerizing C9 corre- 
lated well with the expression of membranolytic activity (Fig 
3). The rate of appearance of hydrophobic sites on poly C9 was 
determined by the increase in 8~aminonaphthalene-1 -sulphonic 
acid (ANS) binding. Figure 3a shows the increase in ANS 
fluorescence during incubation of C9 at 46°C. At this tem 
perature, the rate of C9 polymerization allows continuous: 
monitoring of the reaction by fluorometry. At 20°C, c9 
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Fig. 3 Correlation of C9 polymerization and lipid vesicle 
Carboxyfluorescein (75 mM) was entrapped in large unilamell 
egg lecithin vesicles prepared by the reversed-phase evap 
method”*. C9 (2.6 uM) was incubated with the marker-con 
vesicles (20 uM lipid concentration) in TBS in a micr 
which was placed in a cell compartment with temperature 
tion. Membranolysis was continuously monitored by mea 
fluorescence increase observed on dilution of the origin 
quenched entrapped carboxyfluorescein®’. Maximal re 
marker was determined after the addition of 0.8% Tritor 
The extent of lysis was corrected for a small amount of spont 
marker release. a, Rate of acquisition of hydrophobic 
sites by C9, as assessed by ANS binding, which correlates 
C9 polymerization”, b, Rate of marker release at 46°C. The 
a to the abscissa represent controls: lack of C9 polyn 
ation at. 20 E (a) ang, lack of marker releage 8 at 20 = 










































remained monomeric and no increase in fluorescence occurred. 
The membranolytic activity of poly C9 was measured by the 
release of entrapped carboxyfluorescein from large unilamellar 
vesicles’. C9 polymerization at 46 °C caused vesicle lysis, com- 
mencing after a lag period of 5 min, which proceeded at a rate 
which correlated with the rate of acquisition of ANS binding 
Sites by the protein. After 40 min, 40% of the maximal dye 
telease was observed. This value is only slightly lower than that 
observed for C9 in the presence of the C5b-8 complex (that 
is, 55%). CSb-8, however, increased the rate of C9-dependent 
ye release to the extent that only 2 min were required for 
maximal release compared with ~40 min for C9 alone. In 
trol experiments, neither CSb-6, C7, C8 nor bovine serum 
Ibumin induced membranolysis. Preformed poly C9 added to 
ssicles expressed no membranolytic activity. Loss of activity 
be due to aggregation of poly C9, which probably conceals 
drophobic domains that are essential for contact with the 
(Fig. 1). Alternatively, polymerization and insertion into 
hydrophobic interior of lipid bilayers may have to occur 
ultaneously. It is probable that either dimeric or oligomeric 
‘itiates the insertion process. 





astructure of poly C9—vesicle complexes 
ire 4 shows electron micrographs of poly C9 attached to egg 
thin vesicles. Poly C9 is visualized as the thin-walled tubule 








Fig. 4 Ultrastructure of poly C9- 
vesicle complexes. Poly C9—vesicle 
complexes were prepared by 
incubating sonicated and gel- 
filtered’? egg lecithin vesicles of 
21 nm diameter with monomeric C9 
at 37°C for 64h. The ratios of C9 
monomers per vesicle were: a, 6:1; 
b, 50:1; and c, d, f, 12:1. For com- 
parison, a MAC-vesicle complex is 
shown in e. The field of view in a 
shows fused poly C9-vesicle com- 
plexes. White arrows indicate top 
views; white arrowheads, side views 
of poly C9 attached to bilayer mem- 
branes. The inner and outer 
diameters of the ring structure in top 
views are 11 nm and 21 nm, respec- 
tively; in side views poly C9 pro- 
jects ~12nm from the membrane 
surface. The dimensions of poly 
C9-vesicle complexes cor- 
respond closely to those of 
MAC-~vesicle complexes shown for 
comparison in e. The effects of high 
C9 multiplicity per vesicle are shown 
in $ (50 C9 monomers per vesicle), 
Multiple poly C9 complexes per 
vesicle caused bilayer disassembly. 
c, d Show single C9 tubules attached 
to single bilayer vesicles in com- 
parison with a MAC-vesicle com- 
plex in e. f, The fusogenic effect of 
C9 on vesicles when incubated at a 
12:1 or lower ratio. The originally 
small vesicles of ~21nm_ (black 
arrow) fuse to form large vesicles 
(>100 nm) bearing poly C9 (white 
arrow). Note also the absence of 
stain penetration into vesicles lack- 
ing poly C9. Scale bars, 50 nm. 





described above for the fluid phase polymer. In profile, it 
projects ~12nm from the outer surface of the vesicle mem- 
brane, indicating that a 4nm-long domain is inserted into the 
lipid bilayer. This value correlates well with the length of the 
overlapping segments of poly C9 in aggregates of poly C9 (Fig. 
1b-d). The ultrastructure of poly C9, and the presence of stain 
inside vesicles with bound poly C9, suggest that it forms a 
transmembrane channel. The fact that poly C9 bound to vesicles 
resembles the vesicle-bound MAC (Fig. 4e) suggests that 
poly C9 is an integral part of the fully assembled MAC and that 
it provides the transmembrane channel within the membrane- 
bound MAC. This interpretation is supported by the results of 
three-dimensional reconstruction of MAC-bearing vesicles’? 
of freeze-fracture studies of MAC-bearing erythrocytes” and 
by studies showing membrane penetration of C9 (ref. 28). In 
addition to channel formation, poly C9 fuses small, single bilayer 
vesicles to large vesicles (Pig. 4f). Vesicle fusion was observed 
at an input of <12 C9 monomers per vesicle. An input of 50 
C9 monomers per vesicle resulted in complete disruption of 
the vesicles (Fig. 46), presumably due to the lipid-binding 
capacity of poly C9, which may be similar to that of the C5b-9 
complex'*. 


Conformational change on C9 polymerization 
Conversion of monomeric C9 to membrane-inserted poly C9 















ontrast, C9 polymerization and membrane insertion resul- 
| decrease in the ellipticity between 210 and 220 nm. 
sis of the spectra by the method of Provencher and 
ner’ yielded values of 24% a-helix and 32% B-sheet for 
eric C9 and 22% a-helix and 38% -sheet for poly C9, 
ting an increase in the amount of #-pleated sheet 
cture. 







































“At4°C, C9 interacts reversibly with CSb-8 (refs 22, 30) without 
_ polymerizing. The circular dichroism (CD) spectrum recorded 
 at4°C (Fig. 55) therefore is the sum of the signals of monomeric 
©... C9 and C5b-8. When the same mixture was brought to 37 °C, 

-» C9 polymerization and MAC formation occurred, accompanied 
-by a change in the CD spectrum similar to that observed during 

C9 polymerization on vesicles. The two CD difference spectra 
_ for poly C9 (poly C9 minus monomeric C9) and for MAC[MAC 
“minus (C5b-8 plus C9)] (Fig. 5a,b insets) show the same 
- — conformational change. The occurrence of a structural change 

_ of the C9 monomer on polymerization was also indicated by 
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Fig. 5 Far-UV circular dichroism (CD) spectra of vesicle-bound 
poly C9 and MAC. CD measurements were performed in a Dichro- 
graph IHI (Jobin Yvon Instruments). The absorbance value of the 
~ proteins in TBS at 280 nm was used to calculate their concentra- 
~ tions. The absorbance coefficients used were based on quantitative 
‘amino acid analysis and have been published else- 
where”. Using a Nicolet model 535 signal averager interfaced to 
the CD instrument, four individual CD scans were averaged and 
corrected for the baseline. Results are expressed as the mean 
- residue ellipticity with a mean residue weight of 112. a, C9-vesicle 
. complexes were prepared as described in Fig. 2 at a molar ratio 
of 1:2 poly C9 to vesicle, assuming 12 C9 monomers per poly C9. 
The solid line represents the CD spectrum of monomeric C9 mixed 
with vesicles. The broken line shows the spectrum of the same 
-- sample after C9 had been polymerized on the vesicle membrane 
0 by incubation at 37°C. Protein concentration, 0.2mgml°. b, 
-© C5b-6, C7 and C8 (0.22 pM each) were mixed at 30°C for 15 min 
-with 0.45 aM small unilamellar vesicles, to form vesicle-bound 
C5b-8. The mixture was cooled on ice and 2.6 pM C9 added. 
The Cd spectrum was recorded at 4°C (solid line). The same 
sample was then warmed to 37°C for 30min to allow MAC 
formation. After re-cooling to 4°C, the CD spectrum was 
monitored (broken line). The dotted lines (insets) depict the CD 
difference spectra of poly C9 minus monomeric C9 (a) and of 
MAC minus (C5b-8+C9) (b). The spectra were calculated by 
subtracting the solid line spectra from the broken line spectra 
using a Nicolet data processor. In the case of MAC formation (b), 
it.was assumed that the observed change was due only to a 
secondary structure change in C9 without any contribution by 
‘C5b-8. The difference spectrum is therefore normalized and is 
ra expressed as mean residue ellipticity of CO.” 


























o determine whether the same conformational change of — 
) occurs on MAC formation, C9 and C5b-8 bound to lipid: 
sicles were mixed at 4°C and 37 °C at a molar ratio of 12:1. 


tion. Polymerization may cause conformational rearrangem« 


E M polymerizing C9 alone to perturb natural membrane 

















































Fig. 6 Hypothetical model for circular polymerization of C9 on 
lipid membranes. a, Reversible binding of monomeric C9 
membranes by ionic interaction. b, Polymerization and conforma: 
tional rearrangements of C9 lead to exposure of previously hid 


hydrophobic domains which associate with the hydrophobic core 
of the lipid bilayer. c, Circular polymerization of C9 leads to the - 


formation of a hydrophilic protein channel in the membrane. 


electron microscopic analysis’. In contrast to the globula 
appearance of monomeric C9, the protomer dimensions of C9 
in poly C9 indicated an extended conformation, In additio 
comparative immunochemical analysis of poly C9 and MA 
showed identical neo-antigenic (conformational) determinants 
that are specific for poly C9 but which are not detectable in 
monomeric C9 (ref. 22). These data further indicate that poly 


C9 constitutes the channel-like structure inthe MAC. = 00 


Conclusions ; 


The results reported here may be pertinent to the understanding 
of mechanisms of hydrophilic-amphiphilic transitions of pro- 
teins, and may therefore be of relevance to the mechanism of 
insertion of proteins into lipid bilayers during membrane bio- 
synthesis. Specifically, poly C9 formation is closely related to 
the cytolytic function of complement and to the ultrastructure 
of the MAC. ue 
Figure 6 shows a hypothetical model for C9 polymerization | 
on lipid membranes. First, monomeric C9 binds reversibly to. 
the membrane by ionic attraction. Then, multiple electrostati- 
cally bound C9 monomers associate and undergo a conforma: 
tional change involving constrained unfolding of each molecule 
with exposure of hydrophobic regions that insert themselve 
into the hydrocarbon core of the lipid bilayer. Additional C! 
monomers can then bind to C9 oligomers until the polymer 
ation reaction is terminated by ring closure, one ring containi 
12-16 molecules. Our model implies that polymerization 0 : 
occurs without chemical modification. However, cleavage 
small peptide from C9 by traces of contaminating proteas 
during the long incubation time has not been excluded, 
Exposure of hydrophobic domains in an aqueous en 
ment is thermodynamically unfavourable. The energy for 
hydrophilic-amphiphilic transition of C9 is probably der 
from the high-affinity C9-C9 interaction during poly C9 for 


































of C9 monomers leading to exposure of hydrophobic dom: 
Hence, polymerization of C9 may be favoured within a hyd 
phobic environment, that is, in membranes. The rate of pa 
merization at 37°C is highly accelerated by detergents”*; 
effect is of interest as the hydrocarbon core of detergent mic 
provides an environment similar to the hydrocarbon co! 
membranes. Ae 
The membranolytic activity of poly C9 is demonstrable 
artificial membrane vesicles (Fig. 3). Cytolytic act 
poly C9, however, is not readily apparent. Of the cells test 
only chicken erythrocytes showed a certain degree of s 
bility to lysis by polymerizing C9 (not shown). The in 




















































promoting C9 polymerization. 

There is strong evidence that poly C9 is an integral unit of 
the MAC: (1) Identical conformational changes occur on poly- 
merization of isolated C9 and on binding of C9 to CSb-8 (Fig. 

}. (2) The ultrastructural image of poly C9 and the MAC are 
ry similar (Figs 1, 4). (3) C5b-8 can bind as many as 12-14 
C9 molecules in forming the MAC”. (4) Identical C9-specific 
eo-antigens are expressed by poly C9 and the MAC”. There- 
ore, evidence suggests that poly C9 is part of the MAC and 
orms a transmembrane channel within the MAC assembly. 
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Spontaneous generation of density 
perturbations in the early Universe 


Matt Crawford & David N. Schramm 
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i long-standing problem in cosmology has been to understand 
e origins of density inhomogeneities in the Universe. Calcula- 
ns involving inhomogeneities have for the most part required 
he assumption of some initial spectrum of perturbations, which 
; inserted ‘by hand’. We present here a mechanism for the 
spontaneous creation of density perturbations during the transi- 
ion in the early Universe from unconfined quark matter to 
jadronic matter. The subsequent evolution of these perturba- 
ins remains a problem for further study. 

is possible that some of these density perturbations, if 
ficiently large, may becon e black holes with masses up to 
rizon mass of 10°° g, smaller than a solar mass but greater 
e mass of 10'° g which would evaporate by the Hawking 
anism in the age of the Universe. These black holes would 
ve to the present and could perhaps be an important 
nent of the dark matter in clusters of galaxies and yet 
not be constrained by the upper limit on baryonic mass 
sity from big-bang nucleosynthesis. They would then satisfy 
lition’ that the dark matter in large clusters should be 
baryonic. These black holes would, however, be con- 
ed by the limit on the total mass density derived from the 
tion parameter qo. Therefore <10~* of all material 
hrough the quark—hadron transition could become black 








S time ot transition” the age of the Universe is 
nd, as mentioned before, the horizon mass is far 
‘a olar maen much Si a ii mass. bup the 


existence by itself of the perturbations described here is not 
sufficient to explain the o igin of galaxies. However, it may be 
that these perturbations can be ‘seeds’ which could grow 
through some other mechanisms to larger scales. Press and 
Vishniac’ point out that for such growth to be possible, some 
correlated process is required, such as shocks which produce: 
other shocks. Shock waves to start this process could come. 
from explosions of objects created by these perturbations, or 
the baryons which form objects around black holes created at 
the transition. Such shocks could cause perturbation scales to 
grow as the horizon expands, in a manner similar to the idea 
proposed by Ostriker and Cowie’. 

We now consider quantitatively how the quark—hadron 
transition may lead to perturbation growth. In particular, 
Olive? has mentioned that the transition may be a first-order 
phase transition with a duration comparable to the age of the 
Universe at the time when the transition occurs. Thus, there is 
enough time for the perturbations once formed to grow to scales 
that are some reasonable fraction of the horizon. (Recent — 
unpublished work by Shenker supports the idea of a first-order 
phase transition for SU, with relativistic quarks.) 

The physical principle that enables perturbations to form 
spontaneously and grow comes from the observation of quark- 
quark interactions in high-energy physics experiments. The 
experiments show that the W/J- charmonium spectrum® and 
the Y-bottomonium spectrum’ are best fitted if the quark—quark 
interaction potential grows linearly in strength with distance of 
separation between quarks. Such a dependence is a natural 
consequence of the non-abelian SU, colour gauge theories. 
This idea of a potential increasing in strength at longer distance 
is fundamental to the concept of quark confinement and also 
will stimulate perturbation growth at the phase transition, where 
quarks combine to make hadrons. If we take, for example, a 
quark~anti-quark pair out of the quark soup or similarly a 
triplet of three quarks out of the quark soup to make a meson 
or baryon, the neighbouring quarks surrounding the site where 
the hadron has just formed, i ne e tosee n colour aa 























sition. However, some saturation in the growth occurs 
because the strength of the interaction at large distances is 
ntly high that quark—anti-quark pairs are spontaneously 
iced. The stimulation of the first hadron formation will 
be the expansion of the Universe with normal thermal 
tical fluctuations. 

To investigate this effect, we have run a relativistic n- body 
timulation of coloured quarks and antiquarks interacting classi- 
ally with a two-body potential given by: 


if C*> 
Cc* - 














Sand r> 1.670 fm 
$) f(r) otherwise 


Vir, C’)= z (1) 
: _ where C? is the combined colour of two particles, assigned in 
=<, accordance with the Clebsch-Gordon coefficients of SU(3) and 






_ y@-lB OE “( x) 'r=0.132f 
= f(r) =433-2n, r VP ic eee 
{ (0.620 GeV fm™’)}r — 1.035 GeV r >0.132 fm 


<- Here n; is the number of quark flavours with mass <ftc/r. (Note 
that we have assumed the potential derived from VW and Y 
mesons, it is not automatic that this should also apply identically 
to free quark interactions; however, our conclusions mainly 
depend on the functional forms.) 
The effect of the cutoff in equation (1) is that repulsive forces 
have limited range while the range of attractive forces between 
~ quarks is limited only by the screening effects of nearer quarks. 
~~ A quark and an antiquark were deemed to have formed a 
:- - meson if they were in a colour singlet state and if, in addition, 
~ their mutual interaction was at least 10 times greater in absolute 
value than the interaction of either of them with any other 
particle. The inclusion of baryon formation was regarded as 
not worth the added numerical difficulties as the excess of 
quarks over antiquarks at the time of the transition is approxi- 
“mately 1 part in 10° and the bulk of the hadronic matter in the 
Universe was in mesons rather than baryons at this time. 
Taking A = 500 MeV, an initial temperature? of 400 MeV, 
and using the constituent quark masses M,=M,=300 MeV, 
M,=500 MeV (all heavier quarks being scarce at this tem- 
perature), we find a generated perturbation spectrum ¢(n)= 
p/p =n“ with a = 0.618+0.027. (This is close to the Zel- 
_ dovich n~? spectrum which is favourable? to black hole forma- 
_. tion.) As we will show below, the amplitude of the fluctuation 
spectrum produced in our model is too low for very efficient 
Immediate production of black holes. Efficient black hole pro- 
duction would require ¢(n)~1 for n =np, where ny is the 
number of particles inside the horizon. The uncertainty in the 
-exponent includes statistical errors and the effects of varying 
the screening parameters. The screening was varied from run 
to run so that each quark in the initial state interacted with an 
average of from 5 to 12 of its nearest neighbours at each time 
step. If the average number of interactions per quark was more 
_ than ~16, the transition no longer took place in this model. 
- The quark masses were not varied. However, it is expected that 
~ variations in assumptions about quark masses would have little 
< effect on our conclusions, as their primary effect is to set the 
-initial abundances of quarks due to the fact that the temperature 
_ is comparable to the masses. . 
.. The transition in our model proceeds by a nucleation process 
although it differs from vacuum phase transitions in that there 
is no apparent potential barrier. Our simulations do not show 
ny characteristic ‘bubble size’ above which the fluctuation 
ns spectrum is damped from its power-law behaviour. This indi- 
= cates that the induced correlations have either unlimited ranges 
~ (up to the horizon size) or that the range, if limited, is larger 
the size which can be numerically simulated. In the latter 














uark | ; across the gap wł 
f ed, as oed to ier rections where colour screening 
sults in a relatively short range interaction, thus there will be 
stable growth of perturbations throughout the entire phase 


| meson on aggregations formed by the ‘transition. 


} Supsequeni ApS ee of pee is still a possibil- 7 





‘It is reasonable to expect that the radiation participat 
the density fluctuations along with the matter, as the cluste 
of the quarks takes place under the influence of the col 
interaction which is stronger than the pressure of the. 
tromagnetic radiation to which the quarks are also cow 
With this supposition we can estimate an upper limit to` 
direct formation of black holes of mass = 10° g. (As Carr” | 
emphasized smaller mass black holes lead to unacceptably la: 
amounts of Hawking radiation.) Simply extrapolating the fluctt 
ation spectrum @(n) to a number of particles 2,3 
corresponding to a mass of 10°% g gives an upper limit o( 
10°***! on the fraction of the ee mass-energy at the ti 
the transition which could wind up in black holes of suf 
mass to survive to the present. After the annihilation of mat 
and anti-matter the mass density due to these black holes w 
amount to just 10°'°*' times the remaining baryon densi 
Forming even these black holes requires large compressio 
(Note that the initial clustering is not due to traditional Jean 
type instabilities but due to the long- -range colour force.) Unles 
the behaviour of meson matter is very favourable to collap: 
most black holes formed will be near the horizon mass of 
~ 10°° g, where the background density is already near the 
required density for collapse. In any case, we expect the blac 
hole masses to be unaffected by accretion as the total mass 
gained by a black hole of initial mass M from the time of th 
quark—hadron transition to the present is < 3 x 10°* M?/10°" g 

We can show that even with the most generous possible rate 
of formation the evaporation of small (<10"* g) black holes 
would not produce y rays in excess of observational limits. Let 
the black holes be produced on all scales up to the horizon 
with the same spectrum as the generated density fluctuations. | 
Then the mass contained in black holes in the mass range 
(M,M+dm) is M =+ dM. E Muic/Memon = the ratio of the 
total mass in vei holes of mass 10'*-10°° g to the total mas: 
in black holes smaller thar 10'° g, Muig/ Maman = (10'5) "2-1 = 
10%°7=°4, Thus, if we leave aside problems of the normalization. 
of the black hole spectrum, due to indirect subsequent balek 
hole formation, the higher mass black holes can contribute a 
density up to the critical density while the energy density of y 
rays from the evaporation of smaller ones will be 
<10°7°°*°* ergcm™*, below the observational value? of 
~10°°°? erg cm’? : 

It is interesting to speculate on the subsequent evolution of- 
a critical density (Q ~ 1) in planetary mass black holes. Because 
they have no charge they could begin to cluster gravitationall 
once they become the don inant mass of the Universe whicl 
could occur at an order of magnitude higher redshift. thar 
recombination. If there were primordial fluctuations, the: 
would get trapped in them and make for example, excellen 
dark mass halo material. If there were no primordial fluctu 
ations, One might expect a slow statistical cluster growth, The 
small clusters of black holes could then capture baryons’ o 
the baryon decoupled and had a low enough Jeans mass. Th 
black hole cluster centred baryon objects might be the initi 
seeds for the Ostriker-Cowie scenario. However, if perturb 
tions were built up in this latter manner they always fall with 
the horizon. Thus there would be no non-zero quadrupole 
moment to the 3° background. If the present measurement 
are real’ then the planetary black holes are still allowable 
dark matter but they do not produce galaxies. 

We conclude that the quark-hadron transition in the e 
Universe can produce density fluctuations which might th 
selves propagate to large scales through some undetermin 
process, or which could produce black holes with a mass sf 
trum which allows them to provide the ‘missing mass’ on ai 
scale. However, to discover whether these black holes can be 
produced in sufficient numbers to provide the required ¢ 
matter will require detailed study of the evolution. o 
density perturbations in the meson-rich material aft 
transition. 
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‘Outward motion of the nebula associated with the symbiotic 
arii was suspected by Hubble’ and confirmed by 
Baade’, who estimated its ejection ~600 yr ago. A new feature 
of the nebulosity near the star appeared between 1970 and 1977 
as found by Herbig from direct plates obtained with the 3-metre 
telescope at Lick Observatory. The ‘spike’ or ‘jet’ so-called by 
Wallerstein and Greenstein’ appears as a protrusion from the 
central star. The observational properties of the jet in both the 
optical and radio are described by Sopka et al.*. The near UV 
image obtained in 1980 by Herbig and the VLA radio map“ 

‘ate shown combined in Fig. 1. Here we suggest that the jet is 
the result of supercritical accretion of mass transferred from 
the cool 387-day period Mira to the hot companion in a highly 
iliptical orbit. Ancient Japanese astronomical records suggest 
a nova outburst in AD 930 may be associated with R Aquarii 
which formed the outer extended nebulosity. The jet may help 
explain the outbursts of this object as well as the excitation of 
the R Aquarii nebula. 

«R. Aquarii undergoes erratic episodes in which the hot com- 
act central ionizing source dominates the integrated visual 
ight. In the 1928-35 outburst the optical spectrum was charac- 
erized by a blue continuum and hydrogen P-Cygni profile 
‘mission lines which dominated the normally strong absorption 
pectrum of the cool Mira‘, Willson et al°. have studied the 
isual light curves of the Mira and found that maximum light 
sociated with the 387-day light cycle undergoes unusually 
p minima in 1934 and 1978. They suggest that an eclipse 
he Mira occurred at these times in which a gas cloud or 
etion disk in the system occulted the Mira for ~8.5 yr. 
i interpretation suggests an orbital period of ~ 44 yr. In 
3 ining their work we find that the period may actually be 
> similar to that found by Merrill’. In what follows we 
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that the orbital eccentricity e=0, 5, Ves v we suspect that 
bit is also highly elliptical, but disagree with the notion 


astron as as required by Willson etal. E n the radial 


“of 44 yr, apoastion would have occurred in 1920, and the bee 7 
of 1934 would more closely coincide with periastron. We 
believe that the appearance of the jet (sometime between 1970 
and 1977) which coincided nearly with the eclipse or sup- 
pression of Mira light, provides a theoretical basis for believing 
that this event occurred at periastron. $ 

If the Mira and secondary are in a highly elliptical orbit, near 
periastron the Mira envelope becomes extended due to the 
close proximity of the secondary at this particular orbital phase. 
Mass transfer to the companion occurs forming a spatially thick 
accretion disk ar supercritical accretion rates, which is accom- 


panied by the formation of a jet, possibly driven by radiation 


pressure’. A few years later after the stars separate sufficiently - 


the Mira relaxes to its previous undisturbed state. It is possible ~ 


of course, for quasi-periodic outbursts to occur separated by — 
the thermal time scale of the red giant envelope (see below) — 
with no eccentricity in the binary model. 

We have carried out theoretical analysis that supports this 
model Bath and Pringle’? have made time-dependent accretion 
disk calculations in symbiotic binaries with separations of the 
primary and secondary ~ 10° cm. In their model the accretion 
disk forms around a main sequence star, or around a smaller 
star with effective photospheric radius ~ IRo. Even though the » 
orbital separation of the stars is believed larger by one order 
of magnitude than that considered by Bath and Pringle’®, the 
high eccentricity’, assumed here may allow accretion to occur 
at particular phases of the orbit, that is, at periastron. If the 
separation of the stars at periastron is ~ 1-2 times the radius 
of the Mira’', supercritical mass transfer occurs through the 
critical Roche lobe, characterizing the system by episodic 
accretion events every 44 yr. 

From the 387-day light cycle of the Mira (hereafter referred 
to with subscript ‘1’, ‘2' denoting the companion) we find 
R,~250-300R (refs 12, 13). For M,;~1.5Mo (ref. 12) and 
M,~ Mo and a binary period of 44 yr, we find that the semi- 
major axis of the ellipse a~2.5x10'*cm. This value is in 
close agreement with that obtained by Merrill’. In a purely 
circular orbit the Mira would always fail to fill its Roche lobe 
by a factor of 5-7. In a highly elliptical orbit, however, episodic 
mass transfer could occur around periastron. Farther away from 
periastron the secondary would only accrete material expelled 
from the Mira in a stellar wind at much lower rates. Using the 
criterion for Roche lobe formation of Haynes et al. we find 
that the eccentricity of the orbit is in the range 0.84 se =0.92 
if R,~ 2x 10” cm and the semi-major axis is a ~ 2.5 x 10% cm 

For a main sequence secondary the critical accretion rate is 
expressed as Mc=1.1x10° (R2/Ro) Moyr™', while for a 
white dwarf it is Mc = 1.53 107° (R,/10’ cm) Ma yr™'. Bath 
and Pringle’? have shown that it is difficult for a white dwarf 
accreting at sub-critical rates to dominate the M giant optical 
continuum. It is possible, of course, that the secondary is a 
white dwarf or hot subdwarf with an effective photosphere _ 
(r~1) atr~1R.. The accretion disk would have to be exten- 
ded and cool in its outer regions if substantial eclipses of the 
Mira are to occur. If the eclipse occurs at or near apoastron as 
favoured by Willson et al.°, then for e = 0.85, M, + M2 =2.5 Mo 
and for a 44 yr period, the minimum radius of the occulting 
disk Ry, (for a line-of-sight to Earth along the semi-major axis 
of the ellipse) is ~2R,. The value is essentially the same if 
different values of stellar masses are considered. We find that 
the visible light brightness of the disk should be not more than 
~ 1/5 that of the Mira, and it should be spatially thick (A/r = 4). 
The disk temperature in the outer regions should then be 
appreciably less than the effective temperature of the Mira, say 
~ 2,800 K (ref. 12). We find that T,~2,300K in the outer 
regions of the disk, resulting in a disk that would be brighter 
than the Mira in the 1-3 um wavelength region. In any case, 
if Ra= 2R, at apoastron, it would indicate that the gravitational 
field of the secondary would have to be substantially stronger | 
than that of the Mira to. maintain such large disk dimensions 
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a maximum separation. “Moreover, as the two stars approach’ 


= each other the collision of such a substantial disk with the outer 
atmosphere of the Mira would likely cause a noticeable brigh- 
E „tening in 1957-which was not seen-and which would occur 
- again in the year 2000. Additionally, the large disk model does 
not explain the 1935 outburst which R Aquarii underwent. 
nstead, we believe that the disk around the unseen com- 
anion is extended (Ra~ 1-2 x 10° cm), but not as large as 2R, 
and achieves its largest extent at periastron. More moderate 
dimensions for the disk would be more consistent with a mass 
‘1M. expected for a white dwarf, hot subdwarf or main 
Sequence type companion. The outer regions of the disk in this 
~~ case would have temperatures ~ 3,000 K, and would be moder- 
ately thick, h/r~v,/v,~0.25 (refs. 14~16), where vg is the 
keplerian velocity, v, the sound speed and A the semi-thickness 
of the disk’. The drift time scale of the disk is t, = r/v,, where 
the drift velocity v,=alvs/v«], and a is the usual viscosity 
parameter’. We assume following Bath and Pringle’? that the 
a -viscosity model holds. For values of a ~0.1~-1.0 expected 
> for symbiotics'”, we find that ¢,~ 1.7-17 yr. At periastron the 
_two stars remain close, say within a few R,, for ~1 yr. The jet 
orms and persists for a comparable period of time. As the two 
z Stars recede from each other the disk dissipates over time scales 
Of the order ot ¢,. We estimate that material with a total mass 
210 °Mo is ejected in the form of a jet if the companion is a 
_ quasi-main sequence type star, and = 10°°M if the companion 
is a white dwarf. The orbit will decay over time scales 1. = 
le/(é)|, ta =|a/(a)|, where (é) and (a) are the orbit average 
rates which can be computed from Alexander, Chau and Hen- 
riksen’’. During quiescent phases away from periastron, and 
assuming an orbit average lass loss rate for the Mira (M)~ 
2x10° Mo yr (main sequence type companion), or ~ 
10°° Ma yr‘ (white dwarf companion), we find that the semi- 




















Fig. 1 Optical image of R Aquarii obtained in the near-UV with 

_ the 3-m telescope at Lick Observatory (courtesy George Herbig) 

in October 1980, shown combined with a Very Large Array radio 

map at 6-cm obtained by Sopka et al. on 5 November 1981. The 

protruding jet features extending from, the central star was first 

noticed by Wallerstein and Greenstein? in 1977, and appears to 
have grown in brilliance over the past several years. 


major axis of the ellipse diminishes over time sca 
1.7x 10° yr to 3.4x 10° yr, respectively. The quantity (A 
defined as [Mex 1 yr+Mwy 43 yr]/44, where M, 
10°° Mo yr”! is the quiescent Mira mass loss rate that occu 
well away from periastron. The orbit actually becomes mo: 
eccentric over timescales longer than ta. In any case, if w 
impose the requirement that during successive episodic mass 
transfer events between primary and secondary the Mira retains 
essentially most of its envelope’® (Men ~0.8 Mo), then th 
system cannot be older than M.,/(M), or 4 x 10° yr fora mai 
sequence type companion, and 8 x 10° yr for a white dwarf. 

The Mira envelope will relax over thermal (Kelvin-Heln 
holtz) time scales. We find for typical Mira parameters Ey: 
4x10° Lo, M,~1.5 Meo and R,~2x 10° cm, that ta ~20 yr. 
This rough estimate is in agreement with the thermal time scales 
in the envelopes of the Mira models of Wood’, which are 
~ 1-10 yr, We also note that some material outside the disk 
will eventually rain back on the Mira over the free-fall time 
scale ta~ 0.3-30 yr, for densities in the outer regions of the 
disk that are in the range 10'°~10'* cm? (main sequence 0 
white dwarf companions, respectively). It is curious that all 
these time scales are in the range comparable with the 8. Sy 
eclipse? duration. As such, this phase may not represent: a 
eclipse at periastron (it would last only ~1 yr), but would in 
fact be the characteristic dynamical time scale required by the 
Mira to recover to its pre-periastron, quiescent state. Although 
no detailed calculations of such a complicated system as R 
Aquarii exist at present to check this hypothesis of disk and 
jet formation, we believe the overall properties of the system 
support this model, namely: (1) the brightening of the secondary 
and the appearance of P-Cygni profiles in 1928 through 1935, 
indicating mass loss and mass accretion forming a disk; (2) the 
appearance of the jet between 1970 and 1977 occurred close. 
to the time of periastron predicted in our model. A test of our- 
model can be provided by radial velocity measurements of R: 
Aquarii in the next 10-20 yr to determine the orbital characeris- 
tics, and check whether the eclipse of 1978 took place near 
periastron. 

The question whether the secondary is a main sequence star, 
hot subdwarf or white dwarf has not been conclusively 
resolved. Important clues concerning its exact nature can bec 
obtained from UV and optical observations of the nebula. We 
find that the inner nebula responsible for the UV emission lines. 
and UV continuum observed has a radius ~ 2.5 x 10"* cm, and 
electron density ne~ 5x 10° cm™° (ref. 21). If the hot subdwarf 
photoionizes this nebula, thus accounting for the line emission 
observed in the UV and in the optical, the temperature of the 
secondary would have to be less than Tea = 65,000 K in order 
to explain the weakness or absence of the He HA 1640A line”. 
Accordingly, such a star would be located in the lower part of 
the H-R diagram, generally occupied by central stars of 
planetary nebulae*'. Temperatures near 60,000 K are als 
favoured by Kaler?’. Such a star would photoionize the inner, 
higher density nebula, but lacks a sufficient flux to photoionize 
the entire extended nebulosity. ; 

The extended nebula is still expanding with an average veloc- 
ity 50-100 kms”? (ref. 1). From the electron densities derived 
by Wallerstein and Greenstein? for the nebula, and using a 
filling factor value of 0.1, we find an average electron density 
(n.)~10*cm™*. The mass of the nebula is ~0.2Mo and its 
kinetic energy >2x10°° erg. We note that typical nova light 
output is in the range 10**-10*° erg (ref. 24), while for slow- 
novae such as RR Tel and RT Ser, that resemble more R 
Aquarii, the output is of the order of 10% erg. The R Aquarii 
nebula radiates more than 5x 10** erg yr`' in the Balmer an 
Lyman continua and emission lines. The corresponding cooling. 
time scale of the nebula is estimated to be ~2 yr. The question 
arises naturally, what has been powering this extended nebulos 
ity for the past 600 yr (ref. 1). Photoionization is unlikel 
because it would require a secondary much brighter thant 
Mira, which would have to radiate in excess of the Edding 
limit for a 1M o star. The luminosity of the secondary was fo 
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ly, from TR 
f excitation. Taking a minimum size for the jet 
Tares (ref. 4), that corresponds to a linear size of 
"em (at a distance 200 pc)*, and assuming it travelled 
170, we find an average jet velocity of 700kms”'. If 
ss of the jet is ~ 10° Mo, then its kinetic energy would 
« 10°° erg, in reasonable agreement with estimates for 
tion cooling given above. However, most of the material 
extended nebula that surrounds R Aquarii is confined 
gs, generally perpendicular to the axis of the jet. Mor- 
ically, this structure argues for the nebula being formed 
ingle explosive event hundreds of years ago. If formed in 
losion, the ejection which created the present nebula is 
eflected in the composition of the nebular dust grains, 
appear chemically distinct from the material in the inter- 
medium™. Moreover, the richness of the R Aquarii 
la in He and particularly N (ref. 3) is in agreement with 
models of recurrent novae” and further argues in favour of the 
nebula having been formed in a single nova-type event. 
_.. The present expansion rate of the nebula of 50-100 km s~! 
and angular extent of ~1arcmin argues for an outburst 
-~1,100-550 yr ago. We find that only one recorded nova 
outburst during historical times in the general vicinity (within 
10° 10° box, the uncertainty of ancient records) of R Aquarius 
is found in ancient oriental astronomical records“? 
‘Specifically, the outburst of AD930 is described as a “guest star 
entering Yulin” in Japanese astronomical records, for which 
Yulin is a faint ancient Chinese asterism in Aquarius. The term 
‘entering’ can mean at the edge or periphery (D. H. Clark, 
personal communication). The approximate coordinates of the 
guest star of AD 930 are RA~ 23h, Dec. ~ —20°, within 10° 
of R Aquarii, and near the edge of Yiilin?’. A nova outburst 
- would have been discovered and recorded in the Oriental 
chronicles if its magnitude at maximum was ~ 2 mag. (ref. 28). 
-In our Galaxy, the frequency of nova outbursts brighter than 
_ 2mag. recorded in the past 100 yr is at a rate ~9 novae per 
century”. The galactic distribution of novae is also known for 
fecent novae” and for ancient sightings***. The probability, 
therefore, of finding a random nova (different from R Aquarii) 
within 10°x 10° of this object (with b = 70.32°) is small, only 
-~0.02 for the past 1,000 yr. 
_ From the duration of the outburst of AD930 of a couple of 
months, adopting a maximum light m,~ 2 mag., we find that 
if the effective temperature of the hot component during the 
outburst was in the range 10° to 5 x 10* K, then the total light 
output of the nova is estimated to be ~ 10*°-10*7 erg. Based 
on these rough estimates the total energy could account for the 
kinetic energy presently estimated for the nebula. If correct, R 
Aquarii would be the first object related to slow-novae and 
recurrent novae whose outburst was recorded in ancient astro- 
nomical records. 
The very interesting star R Aquarii has provided us with a 
mber of recent surprises: a jet in the only star besides $8433, 
ìe existence of a plausible accretion disk that likely forms at 
ercritical accretion rates, and a possible ancient Japanese 
hting of the initial outburst that produced the nebula. It is 
bvious this star should be followed carefully in the next 10- 
particularly the radial velocity displacements of emission 
rhich can provide an indication of the orbit characteristics. 
eover, because of its relatively close proximity of ~200 
: may just be possible to spatially resolve an accretion 
bund the hot component in the system with Space 
escope. — 






















































er galactic objects associated with jet activity such as 
433. for example”? are much further than R Aquarii. 
rly, extragalactic objects? are far too distant. R Aquarii 
a much better opportunity to study the formation of jets 
pected accreting systems, and affords us a means of 
bly checking directly the physics of accretion disk forma- 


purely energetic arguments, the jet could 


1 such widely disp: 
galaxies”, ina neutron 


as the nuclei of active gal 
star or black hole in objects such as SS 433 (ref. 29), and here. 
in hot subdwarfs or main sequence-like companions that. 
accrete. Surely this implies that jet formation is quite a general 
phenomenon occurring in a variety of astronomical objects. 
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Although the natural remanent magnetization of terrestrial 
igneous rock is often due to multidomain grains of magnetite 
or titanomagnetite, it is not certain what controls the coercivity 
of the multidomain grains and hence the stability of their 
remanence’. Even the related but simpler problem of what 
controls the bulk coercive force H. of multidomain magnetite 
is still not solved. I consider this simpler problem here by | 
noting” that the coercive force of multidomain magnetite pow- 
ders“ varies with low temperature approximately in proportion . 
to the magnetostriction® coefficient À. I find the same approxi- 
mate proportionality between H. and à on cooling six igneous © 
rocks bearing multidomain magnetite. Hence, the coercive force > 
of these powders and rocks seems mainly to be magnetostric- _ 
tively controlled—presumably through internal stresses. Thisis 
even true of the three rocks with high enough H. (~150 Oe} 
to be classed as pseudo-single-domain, including two with the 
fine magnetite-ilmenite intergrowths often observed in terres- 
trial igneous rocks with stable remanence’. 

There have been several suggestions as to what controls the 
coercive force of multidomain magnetite. If internal stresses 
mainly control H. as suggested for titanomagnetite by Syono’, 
the temperature variation of H., should be given? by H.x GA/J, 
where G is the shear modulus and J, is the saturation magnetiz~ 
ation. If dislocations impeding domain wall motion mainly 
control H, as favoured by Stacey and Wise’, the temperature 
variation of H. should lief between Hœ GA/J,(K,)"? and Hx 


GA/JA(K,)'* where K, is the magnetocrystalline anisotropy — 
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Fig. 1 Coercive force H, of three grain sizes of crushed natural 
ee magnetite measured between ~300 and ~130 K by Morrish and 
<- Watt* plotted against the corresponding A(J,/J,). The polycrystal- 
_ line -magnetostriction coefficient” is used for A. The ratio J,/J, of 

a >” saturation magnetization at 0 K to saturation magnetization at the 
; measurement temperature varies little!“ compared with A. 


E coeficient: The possible importance of internal stresses or dislo- 
_ cations to Hois supported by the observation'™"' that annealing 
can substantially reduce H, of multidomain magnetite. . 
inclusions mainly control H. as favoured by Day et al.’ 

F explain why H. of their coarse synthetic titanomagnetites oe 
_ hot vary greatly with titanium content, then the temperature 
-Variation of H, should be given’ approximately by Hœ K,/J,. 
_ |. It may be possible to decide which of the suggested controls 
on H; dominates ina given sample by observing how H; varies 
with low temperature. The variation of J., K,, and A with low 
temperature is known*”'*, Although the variation of G with 
low temperature is unknown, it can probably be neglected since 
baie? changes by ~8% between 20 and 255°C for mag- 

f rish and Watt* measured H, as a function of low tem- 
efor three grain sizes of multidomain magnetite powder. 
oncluded that most of the thermal variation of H. is 


ed by K, because H. is a minimum when K,=0 (at 


30K K However, » He is s only reduced by 45% or less of its 


able 1 Properties of six ‘igneous rocks containing ‘multidomain 
Hapan 


H.* Curie point 


Locality (Oe) Ir/jst +7 OC) 
Palisades Sill, . 

New York 165 0.23 573 
Shelburne dyke, 

Nova Scotia 0.22 590 
Table Mountain, 

Newfoundland 0.30 599 
India 0.08 597 
Lake Superior 23 0.04 591 
Tweed, Omano 0. 02 591 


“that their values of H. vary approximately ir inp 


not K, from ~300 to ~130K. Hence, A rather th 
mainly to control H.. : 
Figure 1 shows the measurements of Morrish an f 
H. from ~300 to ~130K plotted against the. corr 
A(J./J,) where J, is J, at OK. The thermal variatio: 
polycrystalline A =0.4A j99+0. 6A i; 11 was calculated. 
smoothed curves of Bickford et al.’ for Aio and Ajay x 
temperature. The thermal variation of J, is compa 
small’*, For all three grain sizes of crushed unannealed 
magnetite, H, seems to vary as a linear function of A 
expected if H, is mainly controlled by A through 
stresses. The line for 2.7-um grains passes- above: 
perhaps because a small fraction of H, is magnet 
controlled, The lines for 16.6- and 65-ym grains. p: 
the origin perhaps because a small fraction of H. is 
by K, through inclusions. Dislocations impeding dom 
motion do not appear to be the main control on H, as 
no linear relation between H, and ‘A/J.(K,)'” or A/F f 
using K, versus low temperature reported by Syono”, > 
To test whether magnetostrictive control of H, is comm 
in rocks bearing multidomain magnetite, the six rocks of Tab 
1 were studied. Most of the magnetite in each rock is likel 
multidomain since the ratio /,/j, of saturation remanence | 
saturation magnetization (estimated from 1,200 Oe hysteresis 
loops) decreases roughly in proportion to H. on cooling’. 
Figure 2 shows H. of the six rocks as a function of low 
temperature. Most of the samples show a minimum in H. nei 
130 K followed by an increase in H. at lower temperatures as 
expected from the large increase in magnetocrystalline 
anisotropy accompanying magnetite’s cubic to orthorhombic 
transition below ~120 K. For the two diabases, the minimum 
in H. is shifted to lower temperature perhaps due to a little 
titanium in the magnetite. 
Figure 3 shows that for all six rocks, H, seems to bea near 
function of A(VJ,/J,) from near room temperature to ~130 K 
as expected if H. is mainly magnetostrictively controlled 
through internal stresses. The lines for the Shelburne diabase, 
the peridotite and the basalt pass above the origin perhaps 


Coercive force 
H, 
(Oe) | (kA m`’) 


Table 1 measured as a function of low temperature. See ref, 3 
sel tai details, snes a. been fee igo the relanve error in 






































































Fig. 3. Coercive force H, of the six magnetite-bearing rocks of 
Table 1 measured between ~300 and ~130 K plotted against the 
| corresponding A (J,,/J,) as in Fig. 1. 


because a fraction of H. is magnetostatically controlled. The 
lines for the Palisades diabase and the diorite pass below the 
origin perhaps because a fraction of H, is controlled by K, 
through inclusions. (In the case of the Palisades diabase, the 
measurements at 300 and 243 K were not included in calculat- 
-ing the least-squares fit line.) 

Thus, magnetostrictive control of H., probably through inter- 
nal stresses, does seem common in multidomain magnetite and 
in rocks bearing it. This even seems true of the upper part of 
the pseudo-single-domain grain size range judging from the 
2.7-pm magnetite and from the peridotite and two diabases 
with H,~ 150 Oe and jr/js~0.2. Note that the two diabases 
contain magnetite finely intergrown with ilmenite lamellae in 
‘what were originally titanomagnetite grains—a common feature 
of terrestrial igneous rocks with stable remanence’. 

` Magnetostrictive control of H. may also be common in 
atural multidomain titanomagnetite with a mole fraction x = 
0.6 of ulvospinel. I find that H., increases in Proportion to A 
on cooling deep-sea basalts containing such grains”'*. The same 
ould be true for x between 0 (pure magnetite) and 0.6 since 
he ratio A/K, for these compositions does not fall much below 
hat of pure magnetite’. 

-This research was aided by a grant from the Natural Sciences 
nd Engineering Research Council of Canada and was reported 
the International Association of Geomagnetism and Aero- 
my assembly in Edinburgh in August 19817. 
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Widespread interest has developed in the potentialities of- 
molecular films built up on solids by the Langmuir-Blodgett - 
(L~B) technique of sequential transfer of monomolecular’ 
layers from a water surface’”. For certain purposes, the fatty _ 
acid soaps which are the classical, and most extensively studied, — 
constituents of L-B films, may be unusable. For example 
may be desired to incorporate acid-sensitive molecules, or the 
presence of heavy-metal ions such as barium or cadmium, which 
are required to produce the most stable soap layers, may be 
undesirable. These problems may be overcome in some in- 
stances by the use of fatty alcohols or esters, but multilayers 
of these substances are generally less stable (especially with 
respect to thermal disruption or vaporization) than those of the 
heavy-metal soaps. I now report methods for the facile forma- 
tion of L—B layers of long-chain amine salts which offer compar- 
able, as well as complementary, advantages compared with soap | 
films. 

Early studies of long-chain amine monolayers have been 
reviewed elsewhere’, while more recent studies** have provided 
further information on counter-ion selectivities at low pH. 
n-Alkyl amines with chains of 18 or fewer carbon atoms form 
expanded monolayers, and dissolve relatively rapidly, when 
they are spread on acidic subphases at room temperature. The 
addition of strongly bound multivalent counter-ions, such as 
sulphate’ or hydrogen phosphate®, can reduce this tendency. 
Over a relatively narrow pH range, it has been found that facile 
L-B film deposition of octadecylamine can be carried out in 
the presence of such anions’. 

With n-docosylamine, however, condensed monolayers are 
formed in a wide range of conditions (Fig. 1). After a few 
minutes for equilibration with the atmosphere (vide infra), the 
surface pressure—area isotherms are reversible without hyster- 
esis, and the films are stable, showing negligible changes of 
area when maintained at pressures up to at least 30dyncm™' 
Especially at pH<7 and room temperature, their monolayers l 
are readily and quickly built into multilayers of excellent optical. 
uniformity by the usual L-B technique. At high pH G0°M 
NaOH) in air, the layers emerge with an entrapped solution: 
layer and this must be allowed to drain and dry before reimmer-. 
sion. If this is done, good multilayers can also be obtained 
although the process is slow. (The same is true for octadecy- 
lamine spread on alkaline solutions where a condensed 
monolayer is formed’.) 

Amines in contact with alkaline solutions form carbamates 
very readily by reaction with atmospheric carbon dioxide’. The- 
facility with which this reaction occurs had not been generally 
appreciated, and it undoubtedly accounts for many of the 
peculiarities noted in early studies of amine monolayers’. Direct. 
evidence of carbamate formation in spread monolayers can be 
easily obtained. A monolayer of octadecylamine (melting point 
53-54 °C) was spread on 10° M NaOH and exposed to room 
air for 10 min, then collapsed and skimmed from the surface: 
The skim was rinsed with water and dried in vacuum; its melting 
point was found to be 75-78 °C, identical to that observed for 
a sample of the carbamate obtained by passing dry CO, into 
an ethanol solution of octadecylamine. IR spectra (Fig. 2) also 
demonstrate the presence of carbamate in multilayers built 
from amine monolayers on alkaline subphases in air, as well. 
as incorporated sulphate counter-ions in L-B films formed at 
low pH. Carbamates are not stable in neutral or only slightly 
basic solutions’, and the spectrum of a film built up in this pH 
range (Fig. 2, curve. b shows reduced af els of both sulphate. 
and carbamate; further study is r ver, to decide. 
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Fig. i Surface pressure-area isotherms for n-docosylamine in 
air at 25°C. Subphase 10°°M NaOH (curve 1) or 0.05M 
- (NH4)2S04, pH 8.3 (curve 2), pH 7.5 (curve 3), pH < 6.0 (curve 4). 


__ whether these in fact contain free amine. It has also been found 
* that treatment of the carbamate-containing films with sulphate 
_ solutions, or sulphate-containing films with NaOH, after they 
have been built up, can lead to at least partial interconversion 
of these species as judged by IR spectra, with no significant 
„effect on their visual optical properties (clarity or interference 
colours). 
_ Multilayers built from. 10°7M NaOH exhibit substantial 
-Optical changes when heated above 60°C, while the films 
formed from sulphate solutions at pH <6 show no detectable 
Changes to at least 100°C. A 40-layer film deposited on 
chromium from 0.05M (NH,).SO,4, pH 5.6, was baked at 
~ 130°C for 1h; after cooling, it was found to have developed 
a hazy appearance, although the interference colours in 
reflected white light (at either normal or grazing incidence) 
were unchanged. 
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Fi ig. 2 Transmission IR spectra of 60-layer L-B films of n- 
cosylamine (on Ge plates) built in air from: a, 107° M NaOH; 
05 M (NH4)2SO4, pH. 8. ni and Č, 0.05 M (NH4)280,, pH 5.5. 
ds at 617 ae 1, 080 cm are characteristic of sulphate ion; 


"are associated 5 with carbamate 
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will eae on the composition jee a DH) Ett 
from which they are built. Although no extensive 
yet available, I have found that some films built at 
where only partial salt formation may occur, exhibit 
ence colour changes after being immersed in solvents 
are reminiscent of the ‘skeletonization’ of acid-soap laye 
Treatment of the multilayers with aqueous solutions co 
ing polymeric anions, such as soluble silicates, alginate o 
acid, renders them hydrophilic (in some cases with interfe 
colour changes indicating increments of thickness); tha 
analogue of the ‘conditioning’ of soap films with solutior 
thorium and aluminum complex cations’. ea 
In addition to the chemical reactions already considered 
would appear that several other well-known reactions of amit 
offer potential for interesting modification of these L-B laye 
Condensation with aldehydes has already been considered 
the context of spread monolayers’’. The formation of carbam: 
esters by reaction with chloroformates, or diazotization with 
nitrous acid, may also be possible. The amines, therefore, woul 
seem to provide a highly useful addition to the materials suitabl : 
for L~B film fabrication. 
I thank Dr R. S. McDonald for assistance with IR sp 
troscopy. a 
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Photoreduction of methyl 
viologen in aqueous 
neutral solution without additives 
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Methyl viologen (paraquat; 1 ,J’-dimethyl-4, 4'-dipyridini 
dichloride; Mv**(Cr’):) has been of great interest not only 
its herbicidal activity’, but also for its use as.an electron rela: 
in photochemical systems designed for solar energy co 

sion’"*, In both cases principal attention has been dir 
towards the reduced species, that is the radical cation MVt 
which can be generated through the photosensitized reducti 
of MV7*(CI),. Such reduction can be achieved in vivo by thi 
photosynthetic system’ or in vitro by Ru (11) tris-bipyridi: 
derivatives’ 2 _porphyrins’” , proflavine’® and other aro 
compounds’*""*, Direct photoreduction of MV**(CI-), has bee: 
widely investigated in the presence of alcohols'*"** and has al 
been noted in alkaline’ and acid” solutions. Solid phase phi 
reduction of MV**(CI-), on cellulose involving the oxidatic 
of the substrate has recently been reported”. We descril 
the direct photoreduction of methyl viologen in neutral aq 
solution to give the complex MV?CKH. This is potentially. impo 
tant for the understanding of the herbicidal activity of m 
viologen. It also suggests an explanation for the photoredu 
process of methyl viologen in alcohols and a possible e 











































































ae Using a Cary 219 spectrophotometer the ‘absorption <i spec 
trum of MV?*(CI-). was found not to obey Beer’s law and may 
be shown to vary. with added Cr concentration. This suggests 
: ormation of a complex. ‘between methyl viologen and the 
loride ions. Indeed an association constant (0.9 M~’) may be 
etermined from the variation in the absorption spectrum. We 
élieve this results from the complexation of the second Cl” 
yn the methyl viologen as has been suggested by others; con- 
ctance measurements have given an estimate of this associ- 
ion constant of the order of 10 M™ (ref. 22). The behaviour 
of this complex is of great importance to the yield of photo- 
products as will be discussed below. 
On excitation of MV” (CI); (0.1 M in 1 M NaCl) at 337 nm 
th a nitrogen laser (Molectron UV 400, pulse width 8-10 ns), 
ansient spectra were observed (Fig. 1) which exhibit peaks at 
Sand 605 nm characteristic of MV*CI" (ref. 23). The overall 
rption by the initial transient (Fig. 1a) below 400 nm is, 
10owever, significantly higher than may be predicted from the 
own spectrum of MV CI (ref. 23) and the absorption 
easured at 605 nm. The presence of another transient species 
bsorbing in the region below 400 nm is indicated. It may be 
een from Fig. 2a that the transient formation occurs at a rate 
>10°s"', that is beyond the limits of our time resolution, and 
that decay occurs in a two step process (Fig. 26, c). The initial 
transient spectrum (Fig. 1a) disappears with an overall experi- 
‘mental first-order rate constant, kp = 6x 10*s™' (Fig. 26), toa 
‘second transient spectrum (Fig. 15). The latter spectrum is long 
‘lived; >107* s (Fig. 2c). 

< While the long-lived transient may be assigned to MV?CI- 
alone (ref. 23), the initial spectrum, as indicated above, may 
not. However, it may be synthesized by summing the absorb- 
-ances of equimola quantities of MV? (ref. 23) and Cli (ref, 
24). This is illustrated in Fig. 3 and is seen to give a good fit 
of the synthetic curve to the experimental points. 
Such observation would suggest the oxidation of Cl” by the 
: excited state of MV** generated by photolysis: 










































MV” CT) — -> MVC kp>10% s7 (1) 


This reaction is analogous to the photoreduction of the -alkyl 
ytidinium ion in 1-alkyl pyridinium iodide” and of methyl 
ologen in the presence of carboxylate ions”. An equivalent 
ction was previously” suggested to explain the simultaneous 
pearance of Clg and MVt in acid solutions when irradiated 
in the UV with conventional flash photolysis. However, the 
transient spectrum given show that considerably more CI than 
MV? is formed. Furthermore, Cl3 was formed in similar condi- 
tions in the absence of methyl viologen. Irradiation of chloride 
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Fig. 2 Experimental kinetic traces of methyl viologen radical 

generation (a), its initial decay (6) and its long time disappearance 

(c) as observed at 395nm after excitation at 337nm of a . 
0.1 M MV?”* (CI) (1 M NaC} solution. < 


solutions in the far UV is known to produce Cli as. well a as the 
hydrated electron, ej, (ref. 26) and ex will. reduce. methyl 
viologen with a diffusion controlled rate constant (8.4: 
10'°M7's7') (ref. 23). The participation of such Processes 
significantly complicates the mechanism for Clj and MV? 
eration previously reported. In the present study, how : 
direct electron transfer occurs on excitation of the complex 
with light well into the visible part of the spectrum (see below) 
at biological pH. 

The quantum yield of reaction (1) strongly depends on the 
amount of ground state complex present. Using anthracene as 
reference? the quantum yield for reaction (1) with an excita- 
tion at 337 nm was estimated t to be 6. 2, in the. experimental 
conditions described a above. - N 






















spectrum Fig. 1b) remains after Cl} has disappeared, 
must decay by two different reactions. One of the 
is ethe obvious back electron transfer: 


© MVC; — MV™ (CI), kp (87) (2) 


other reaction was found to involve MV?*(CI)}, which was 
cess in the solution: 


MViCH +MV?*(Cl")> -> MVICl +. 




















-X k3(M™'s™') (3) 









ind k, were determined to be 1.5(41)«10*s7' and 4.5(41) x 
10° M™'s"' respectively. The rather large error limits arise from 


ye performed. MVtCI” decays with a rate <10° s™' (slow com- 
ponent in Fig. 2c) and no accumulation of the radical i is observed 
\der steady-state irradiation. 
is commonly believed that the toxicity of MV?*(CI°), in 
lants proceeds initially through its reduction by the photosyn- 
hetic system’ and that the cation radical MV+(CI`) thus pro- 
_duced reacts with O, to give several toxic products??”?2, While 
this is unquestionably the major toxic pathway, our results 
indicate, however, a potential parallel pathway: MV**(CI’), 
absorbs light well into the solar spectrum (Fig. 4) and will thus 
directly generate not only MVt but also Clj. The presence of 
the radical Cl adds another dimension to the toxicity of methyl 
<o- viologen because CI3 is known to react at rates between 10° 
‘cand 10’M™'s"' with molecules such as: thymine, uracil, 
-< guanine, histidine, thyrosine, tryptophan, cysteine, ascorbic acid 
. and other important biological molecules****, The redox poten- 
tials: of MV**/MV? and Cl3/(CI”), are —0.44 V (ref. 35) and 
2,3 V (ref. 36) respectively. Thus the energy necessary to drive 
me reaction (1) can be estimated to be ~2.7eV or a photon of 
460mm wavelength. However, the actual energy required might 
-be less as the reaction proceeds with the complexed forms of 
methyl viologen.. Using a dye laser with an excitation 
_ wavelength of 460 nm we were able to observe reaction (1), 
confirming, in accord with the theoretical estimate, that this 
phenomena is not limited to the near UV spectrum. 
It is obvious that direct photoreduction of MV™™ (CI) in 
aqueous solution can compete with other indirect photosensitiz- 
_ ation pathways in solar energy conversion systems especially 
~ when near UV light is used. In fact, care must be taken to 
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calculated assuming it to be the sum <a ‘the HOAN of 

(e os = 11,000 M`° cm™’N®) and of CH  (e340= 

8800M ‘em™') (A) at an equimolar concentration of 15x 
| 10” M. ; . - 





stant ‘when the flash intensity “was as varied i 
As a significant proportion of the radical cation 


; simple kinetic analysis shows that the observed rate constant - 
kp is equal to the sum of k, and k,;[MV**(CI°).]. Values of ka 


the limited concentration range over which the experiment can 
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Fig. 4 Absorption spectra of MV°*(CI”), at 2x 10M M : an 
0.1 M concentrations. 














distinguish between the direct photoreduction and the oki 
sensitized contribution in such situations. The methyl violo 
radical is known to reduce H* in the presence of a cat 
conversely Cl} can oxidize OH” (7.3 x 10° M` s™°) (ref. 
H-0, (1.4 x 10° M“'s"') (ref. 34) and HO, (4.5x10°M7 
(ref. 34). It is therefore not inconceivable that MV?CI5 ¢ 
have an important role in both reduction and oxidation of w 
The well known photoreduction of methyl viologen and 
derivatives in alcohols has been shown to occur through two 
processes’’”* (in certain cases quantum yields >1 have been 
reported””). The initial process may well resemble that observed 
here. Cl’ and Cl3 are known to react with alcohols***° an 
might generate the alcohol radical which in turn reduces another 
MV**(CI”)., thus accounting for the second process. While the 
presence of Clix has not been previously suggested, a methy 
viologen—alcohol-counter-anion complex has already ‘been 
evoked to explain steady-state irradiation results. of methyl 
viologen and aqueous alcoholic solutions*’. Further study is in- 
progress to elucidate this mechanism and other questions per- 
taining to the photoreduction of methyl viologen such as PH 
and temperature effects. | 
This research was supported by the Office of Basic Energy 
Sciences of the Department of Energy. This is document no. 
NDRL-2310 from the Notre Dame Radiation Laboratory, 
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One of the characteristic features of polar glacier ice is the 
abundance of air bubbles’. With increasing depth from the 
surface of the ice sheet, the size of the bubbles generally 
decreases in response to the change of overburden pressure. 
Below a certain depth, the bubbles start to shrink faster than 
expected and finally become invisible. Although not visible to 
the naked eye, unit mass of the bubble-free (clear) ice includes 
almost the same volume of air as unit mass of bubbly ice**. It 
is hypothesized that the air exists in the ice structure probably 
in the form of clathrate hydrates as suggested by Miller*’ but 
until now the location of the air has been unknown. Direct 
observations of air hydrate inclusions were carried out for the 
first time in fresh ice cores from Dye-3, Greenland. When the 
ice structure surrounding air hydrate was melted, an explosive 
transition occurred releasing a gas bubble into the melt cavity. 
Optical microscope observations were carried out immedi- 
ately after ice core recovery, as part of the mechanical property 
study project, during the 1980 and 1981 field seasons of the 
‘Greenland Ice Sheet Program (GISP) at Dye-3 (65°12'N 

43°47’ W). The core was examined to locate the sites of the 
entrapped air in both bubbly and ‘clear’ looking ice samples. 
‘The work was conducted in a snow trench at -10°C. Samples 
(2x2 10cm) were cut from fresh ice cores using a band saw 
and then the surface was planed using a microtome. Silicone 
‘oil was applied between the ice sample and a glass plate and 
the upper surface was allowed to sublimate to diminish the light 
scattering. A tinker-dam made of shaved ice and supercooled 


. [I Shape of air hydrate 
inclusion: a, triangular platelet, b, 
exagonal platelet; c, polygonal 
platelet; d, tetrahedron; e, polyhe- 
dron; f, graupel-like; g, spheroid. 


~ plate. Thirteen sample od bv ol 
follows: 235, ‘504, 708 anil 896 m denih f Gon the 1980 a 





core, and 939, 994, 1,280, 1,293, 1,537, 1,642, 1,711, 1 814. 
and 1,992 m depths from the 1981 ice core. Below 600 m, the — 
ice became brittle with increasing depth and badly fractured _ 
between 800 and 1,200 m. The physical property of the core © 
progressively improved and below ~1,400 m was of excellent 
quality. Total gas content measurements made on core samples 
at approximately the same depth levels showed a nearby con- 
stant gas volume concentration whether the samples were cut 
from bubbly or ‘clear’ ice. (S. Herron and C.C.L., in prepar- 
ation). 

To investigate the air sites, a device was constructed consist- 
ing of a variable transformer and a heated rod which permitted | 
controlled melting. Microscopic observations were made at least 
2 mm below the sample surface to avoid the strained layer near 
the surface. 

Microscopic observations revealed that air bubbles disap- 
peared completely at 1,642m. However, transparent air 
hydrate inclusions appeared in the samples starting at a depth 
of 1,280 m. As is shown in Fig. 1, various shapes were observed 
for the air hydrate inclusions. They include platelet forms— 
triangular (a), hexagonal (b) and polygonal (c)—as well as 
forms classified as tetrahedron (d), polyhedron (e), graupel-like 
(f) and spheroid (g). These inclusions are easily distinguished 
from air bubbles by their low image contrast under the micro- 
scope. These transparent inclusions are not to be confused with 
Tyndall figures? (which consist of water vapour and liquid 
water), vapour figures” (only water vapour) or pressure cracks’ 
(water vapour and air formed during the core relaxation pro- 
cess). The optical Becke test on the air hydrate inclusions 
revealed that the index of refraction of the inclusions is slightly 
higher than that of ice matrix surrounding them. This indicates 
that the transparent inclusions in Fig. 1 are not in a gas phase. 

Figure 2 shows a typical response of an air hydrate inclusion 
when the temperature surrounding the inclusion is raised close 
to the melting point by the heated rod. An ice—water interface 
is located ~100 um fron the inclusion and appears in the upper 
right-hand corner in Fig. 2a-d. A protuberance appears (a dark 
spot) at a position on the inclusion edge nearest to the ice—water 
interface as shown in Fig. 2a. The protuberance (a highly. 
pressurized mixture of melt water and air from the inclusion) 
is further elongated as a column towards the ice--water interface 
(towards the high temperature side due to pressure melting) in 
Fig. 2b and finally the elongated column separates (Fig. 2c) 
and quickly migrates to the ice-water interface with a speed of 
50 um's”!' merging in the melt water. This indicates that the 




















Fig. 2 The melting procedure of ias 
an air hydrate inclusion without air ea OW 

bubbles: a, embryo protuberance; Š eee 
b, elongated column; c, column ' 
separation (a jet); d, the transition 
of an air hydrate inclusion into air 
bubbles. Tip of heated rod is to be 
seen in the outermost upper right- 
hand corner of d; d also shows the 
explosive nature of the transfor- 
mation of the air hydrate inclusion 
into a group of smaller air bubbles 
and the emergence of a huge 
amount of air into the melt water 

in the form of a large bubble. 


inclusion is not in a gas or liquid phase under pressure. If it 
were, we would expect a migration or an expansion of the 
inclusion. In the examples shown in Fig. 26, c, additional jets 
emerged every 20s, but this frequency changed with each 
experiment. The rate of jet release is a function of distance 
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Fig. 3 A long channel formation from an air hydrate inclusion 
with existing air bubbles under heat treatment. 
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between the inclusion and ice-water interface. The experi- 
mental procedure used created the end point shown in Fig. 2d. 
When the ice—water interface was moved forward by advancing 
the heated rod and made contact with the elongated column, 
an explosive transition of the inclusion into small bubbles occur- 
red and a huge amount of air streamed out through the connect- 
ing channel to form a large bubble in the melt water as can be 
seen in Fig. 2d. When air bubbles exist in contact around the 
air hydrate inclusion before the heat treatment experiment as 
shown in Fig. 3, the response is different from that of air hydrate 
inclusions without air bubbles (Fig. 2a). A long channel (several 
hundred micrometres) formed perpendicular to the ice—water 
interface and air streamed out along this conduit into the melt 
water. A generation and expansion of multiple bubbles also 
occur inside the air hydrate inclusion. These observations under 
the heat treatment indicate that the transparent inclusion is a 
localized position for the air in clear bubble-free ice. Figure 4 
shows a gradual transition of air hydrate inclusions into 
elongated air bubbles at —10°C. Photographs shown in Fig. 
4a,b,c were taken of the same transparent air hydrate 
inclusions at 12.5, 71 and 180h. after core recovery from the 
bore hole. The two inclusions on the right side of Fig. 4 show 
air bubble appearance and growth. The size of the air bubble 
becomes greater than that of the transparent air hydrate 
inclusion in both cases (Fig. 4c), while the transparent inclusion 
remains the same size and shape. This clearly indicates that the 
transparent inclusion is in solid phase, otherwise appreciable 
change in the size or shape of the transparent inclusion would 
be affected by the hydrostatic pressure difference creating the 


growing air bubbles. On the other hand, the air hydrate” 
inclusion on the left-hand side of Fig. 4 is still without air 
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Fig.4 Air bubble formation and growth process from air hydrate 
inclusions. a, b and c were taken at 12.5, 71 and 180h respectively 
after core recovery. 


bubbles even at the end of the 180-h experiment (Fig. 4c). This 
iggests that the nucleation for the phase transition of air 
‘drate inclusions fron solid to gas determines the rate of 
laxation process of bubble-free ice. 
-he observations and results of this study indicate that the 
ansparent inclusions are in solid phase and mainly composed 
of water and air molecules, that is, air hydrate inclusions. 
neral information about the clathrate hydrate in ice cores 
have been given earlier by Miller®’ who has proposed calling 
craigite. The amount of clathrate hydrate was calculated by 
iller on the assumption that 10% of the volume of polar 
lacier ice consists of air bubbles. These bubbles originated at 
> surface as air voids and subsequently, through natural 
action processes, became entrapped in the ice. This is the 
situation at Dye-3. On the basis of the formula used by Miller, 
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show that 0.02% of the ice is occupied by air hydrate inclusions 
which are >10 um in diameter and represents one-third the 
amount of the earlier calculation. This suggests that additional 
locations or smaller sized inclusions (<10 um diameter) exist: 
for example, at interstitial positions’ or grain boundaries. The 
depth for the first appearance of the air hydrate inclusions is 
somewhere between 994 and 1,280 m (a zone of highly frac- 
tured ice core) which nearly agrees but is slightly deeper than 
the 950 m value given by Miller for the clathrate hydrate at an 
in situ ice sheet temperature of about —20°C. Supplemental 
observations on wedge-shaped thin section between crossed 
polaroids showed that the colour at the air hydrate inclusion 
is always shifted from that around the inclusion to that in the 
thinner part of the sample, which would be expected as the 
clathrate hydrate structure I is optically isotropic. These findings 
strongly support the possibility of the inclusion being a clathrate 
hydrate. A complete X-ray analysis for the crystallographic 
structure of the air hydrate is planned. 

We thank Dr K. Itagaki and Dr B. Kamb for useful dis- 
cussions. This work was supported by the NSF, Division of 
Polar Programs. 
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Major ion chemistry of 
some large Chinese rivers 
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There is very little information available in the western 
literature on the chemical compositions of the major rivers of 
the People’s Republic of China’. Since these include the largest 
in terms of sediment transport? (Huang He or Yellow), the 
third largest in terms of flow’ (Chiang Jiang or Yangtze) and - 
major streams draining the Tibetan plateau, this lack of data — 
represents a significant gap in our knowledge of the chemical _ 
denudation rates of the continents as a whole and of south, 
central and eastern Asia in particular. To begin to rectify this 
situation, advantage has been taken of recent visits by US 
scientists to the People’s Republic of China to collect suitable 
samples for analysis. It was found that the chemistry of such _ 
rivers is dominated by the weathering of carbonates and 
evaporites, with no pronounced effects of the degradation of 
aluminosilicates. 

Given the ad hoc nature of the project samples were collected 
and processed in various ways. Those obtained by one of us 
(J.M.E.) were filtered and acidified soon after sampling. Those 
provided by our colleagues were either stored intact until 
SSRI eeeeeeneee 
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Fig. 1 Location map of the samples. 
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returned to the Massachusetts Institute of Technology labora- 
tory, a period of several months, or were decanted after the 


2 The sampling locations are shown in Fig. 1 and these and the 
details of the processing are summarized in Table 1. The analyti- 
cal procedures followed were as described previously’. The data 
are presented in Table 2. 
-` Samples were obtained from the main channel of the Chiang 
Jiang at Chungking, above the Gorges, and at Wuhan in the 
-central part of the flood plain (Table 1, Fig. 1). Two important 
= southwards draining tributaries were also sampled at their 
_ confluence with the Chiang Jiang, the Chialing (at Chungking) 
and the Han (at Wuhan). 
‘The tributaries are typical carbonate rivers with alkalinity 
‘ounting for over half the anion balance (including silica) 
2a). Calcium and magnesium are the major cations (Fig. 
(Ca+Mg)/(Na+K) is around 10 equiv. for the Han and 
for the Chialing. In both rivers sulphate is substantially 
an chloride indicating a major contribution from the 
ypsum and minor halite. The low silica and 
and demonstrate the lesser relative 
osilicate weathering inputs in these basins. 


_ Great Bend in a region of high aridity*. 
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ties, the chemistry being dominated by carbonate weathering 
(Fig. 2). At Chungking (CI+SO,) are more significant in the 
anion balance (Fig. 2a) with sulphate . being particularly 
enhanced. This is a reflection of evaporite dissolution in th 
upper reaches of the river, There is a long established trade 
salt in Szechwan and Yunan Provinces exploiting both salt 
springs and rock salt and supplying halite and gypsum. to much 
of western China®, Aluminosilicate weathering is of minor 
importance consistent with the predominantly sedimentary 


geology of the drainage. . 


The Quiantang, sampled at Hangzhou, is an extreme exaniple 
of carbonate weathering. Calcium and alkalinity account for 
over 85% of the cation and anion balances. 
=- The Huang He is. characterized by a very high content 
dissolved solids (0.46 g17'), over double that of the Chii 


oJ iang (Table 2). Chloride plus sulphate account for over 4 


of the anions (Fig. 2a) and identify a major contribution 
evaporites and soil salts*’. It is estimated that the river lo 
~50% of its flow to evaporation. during transit around 
The Mg:C; 

0.72 and the high alkalinity suggest that carbonate isp 


tated in this. region - also. The sodium. excess over chlorid 
(Na: Cl= = 1 9) reira significant input from aluminos 


‘Table 1 Sample collection and processing 


Location 
Mid-channel above Wuhan 
Mid-channel above Wuhan 
Jetty at Chungking 


Mid-channel above confivence: 

Mid-channel above confluence 

Mid-channel above confluence 

From river bank below dam 

From river bank at bridge south of Kunming 
Mid-channel above Hangzhou 

From river bank at bridge south of Lhasa 
From river bank at bridge south of Lhasa 
From river bank at Gauhati Si 


Processing 


Filtered within a few hours of collection - 
Decanted after settling of suspended load - 
Decanted after settling suspended load © 
Filtered 
Decanted 
Decanted 
Stored untreated for 3 months 
Decanted 
Filtered 
Decanted 
Decanted 

 Decanted 

> Decanted 

5 Decanted a 
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weathering. The low silica value may be an artefact of removal 
by diatoms in the reservoirs upstream from the sampling site". 
. The Yuan Jiang has a chemistry rather similar to the Huang 
He although the concentration levels are much lower (Table 2, 
Fig. 2). Salt is mined extensively in the region of the drainage’ 

and can account for the pronounced evaporite input. A similar 
_ effect is seen in the Mekong’. The sodium excess over chloride, 

the relatively high Mg: Ca ratio and the elevated silica require 
also a significant input from aluminosilicate weathering. 

< The chemistry of the Yaluzangbu-Brahmaputra in Tibet is 
Offset from that of the Chiang Jiang in the direction of relatively 
_ higher evaporite inputs with sulphate substantially greater than 
chloride (Fig. 2). Published stratigraphical columns show 
evaporites in the Tertiary as well as reduced and perhaps pyritic 
sediments throughout’’. The Tibetan samples are in marked 
contrast to that from the flood plain in the sub-Himalayan 
lowlands especially as regards the K : Na ratio. In rivers draining 
the Amazonian Andes, which like the Himalayas have an 
xtremely moist ‘front range’ and dry interior™'?, the chemistry 
controlled by inputs from the well-watered tributaries’. While 
y rly described, the dominant lithologies of the moist slopes 
of the Himalayas appear to be reduced shales, gneisses, carbon- 
s and „perhaps volcanic rocks. Reduced shales are notably 
potassic™? as are the gneisses and granites reported from the 
Timaläyas’?, Intense chemical weathering of these lithologies 
sistent with the evolution of the river chemistry. 

o tributaries Sampieo drain portions of the penn 
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Fig. 2 a, Portion of the ternary diagram for the anions (including silica). The data are in equiv I~’. 
(SEA, dominated). Those draining young orogenic belts rich in uplifted platform carbonates plot in the upper region (A, dominated). The influence of evaporites- 
-iseen in the spread in the right-hand portion (A, ~[Cl+S50,] dominated). Rivers draining black shales plot i in the lower central region owing to sulphuric acid 
` weathering. b, Portion of the ternary diagram for the cations. While not as diagnostic as that for the anions parallel relationships are well developed. 


Location Date Na 
- Wuhan October 1978 227 
Wuhan June 1980 179 
Chungking June 1980 300 
Wuhan October 1978 186 
Wuhan June 1980 234. 
- Chungking June 1980 159 
Gorges Dam October 1978 2,120 . 
‘South Kumming July 1979 482 
Hongzhou October 1978 204 
South Lhasa July 1979 | 396 
South Lhasa June 1980 AAG 
Gauhati _ July 1979 ae) E 
 Ehasa June 1980 380. 3 
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Rivers draining siliceous terranes plot in the left-hand region 


evaporite streams strongly enriched in sodium and chloride: 
(Table 2). ie 
The chemistry of the major rivers of China is dominated by 
the weathering of carbonates and evaporites (gypsum, halite) 
in varying proportions. The effects of the degradation of 
aluminosilicates are nowhere pronounced. In this, these rivers 
are typical of streams draining young orogenic belts. Thus the ` 
Chiang Jiang is very similar to the Yukon at the US—Canadian 
border (R.F.S and J.M.E. unpublished data) (Fig. 2) and the 
Yaluzangbu-Brahmaputra to the Andean Amazon in Peru’. In 
the latter case large-scale inputs of evaporite material from salt 
springs and exposed salt domes have been well documented’. 
The effects of aluminosilicate weathering have most influence 
on the anion diagram as they are uniquely characterized by 
high concentrations of dissolved silica. For illustrative purposes — 
the Zaire (Congo) (R.F.S. and J.M.E. unpublished data) and 
lower Amazon” are plotted in Fig. 2. Both rivers receive a 
substantial component of their dissolved load from streams. 
draining shield areas or, in the case of the Amazon, from basins | 
whose surficial geology is dominated by shales or alluvial 
detritus. They are distinctively separated from the Chinese . 
rivers on the anion diagram (Fig. 2a). f 
The Yaluzangbu-Brahmaputra, like the Mekong and the 
Andean Amazon, is close to the world average river water’? _ 
in composition (Fig. 2). The Chiang Jiang and the Yukon are 
more calcareous, less siliceous and have lower relative abund 
ances of alkalies, chloride and sulphate. The Huang He a 
Yuan Jiang are separate from the other rivers reflecting th 
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K Mg (umol i! C] SO, Si (pequiv i 
34,8 318 794 159 147 115 2,001. 
31.8 269 1,120 116- 186 95.5 2,420 : 
39.0 343 1,089 183 310 104 2,550 
36.4 294 824 68.7 114 94.0 2,156. 
33.0 322 916 124 182 7S 2,280 
35.8 230 1,160 116 130 124 3,550 
61.9 903 1,249 1,134 760 95.0 3,700 
38.5 335 413 234 238 164 1,340 
38.7 122 4451. 127 54 76.0 1,110 
31.8 209 752 156 255 127 1,670 
37.4 191 717 198 223 125 1,740 
78.5 119 425 107. 100 123 B84 
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arge evaporite inputs and, in the case of the Huang He, prob- 
able artefacts of carbonate and silica removal during evapora- 
five. loss or in reservoirs. 

_. Arough estimate can be obtained of the transport of dissolved 
i material by these streams by combining the compositional data 
reported here with the existing discharge measurements“ (Table 
_3). Note that such calculations are uncertain by as much as 
50% because of the variations in the discharge-composition 
: relationship over the range of the discharge and because of the 
lack of information on the actual flow rates at the time of 
‘sampling. These effects can be seen by comparison of values 
-Of the chemical transport from rivers resampled on different 
dates (Tables 1.3). Estimates for the Amazon’, Zaire (R.E.S. 
‘and J.M.E., unpublished data) and Mekong’? are shown for 
comparison as are the global estimates’, 

-.. Although its discharge is less than one-fifth that of the 
-Amazon, the Chiang Jiang carries substantially more calcium, 
‘magnesium, sulphate and alkalinity to the ocean. It supplies 
lesser. but still relatively large amounts of sodium and chloride. 
Its transport of potassium and silica i is Similar to that of Zaire; 





teflecting the low weathering yields from siliceous terranes. 

< The Huang He, although its discharge is small (1% of that 
of the Amazon) is a significant source of sodium, chloride and 
sulphate. It contributes only a small amount of potassium. 

The Yaluzanbgu-Brahmaputra, with a discharge of ~ 60% 
of that of the Chiang Jiang, supplies considerably more 
potassium and appreciable amounts of sodium, chloride and 

‘sulphate. It is much more potassic than the Mekong, with similar 
discharge, but comparable for the other elements. 

‘In the global context, the Chiang Jiang accounts for over 5% 
of the flux of magnesium, calcium, chloride, sulphate and alka- 
-linity to the oceans. Neither the Yaluzangbu-Brahmaputra nor 
the Huang He make contributions of similar magnitudes. The 
total salt discharge of the Chiang Jiang is ~ 220 10° tonnes 
oyr | or 226 including silica. This places it equal to the Amazon 

at 223 x 10° tonnes yr`'. 

Estimates of the average chemical denudation rates for the 
basins can also be derived from the data (Table 3). As compared 
‘with the world average’ these are high for rivers with well- 
watered, topographically elevated drainages composed of 
young orogenic belts—Chiang Jiang, Yaluzangbu~Brah- 
maputra, Mekong. They are close to the average for streams 
aining arid mountainous. regions—Huang He—or extensive 
land areas—Amazon. They are very low for rivers such as 
Zaire which drain predominantly shield terranes. 

The inferences as to carbonate—evaporite versus aluminosili- 
te weathering are substantiated by the variations in the ratio 
-Of the areal yields of alkalinity and silica. These range from 20 

‘or the Chiang Jiang (40 for the Huang He, probably an 
‘artefact), 7 for the Yaluzangbu~Brahmaputra and Mekong to 
or the Zaire. The world average is 4.8 again emphasizing 
xtreme chemistry for the Chiang Jiang. 

3 jith the exception of the Huang He the major rivers of the 
ople’s Republic of China are free from large-scale hydrologi- 
development. Outside of their lowermost reaches agriculture 
1¢ only anthropogenic modification that can be expected to 
v Significant mange a on ie water merely: Iti is to DDE 
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hoped that systematic geochemical studies will be initiat 
before and pursued in parallel with the planned industria 
development of the basins. 
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It has become widely accepted that the Himalaya i is the prod- 
uct of collision between the Indian landmass and the Eurasian — 
continent. Holmes’ conjectured that the Indian Shield was 
carried northwards by sub-lithospheric mantle flow to causea- 
double thickening of crust beneath the Himalayas and the 
Tibetan Plateau. Wager’ hypothesized that the extra height o 
the great peaks of the Himalaya over Tibet was due to isostatic 
readjustment following the removal of load by intense erosion. 
Molnar et al, relate the uplift to the shear stress on ti 
boundary faults beneath the Himalayas. Relevant data hav 
recently become available from the northern flank o 
Himalaya and the Tibet Plateau, of which especially impo ‘tai 
are: (1) a gravity profile across central Tibet; (2) seismic cru 
structures of the region from explosion seismology; (3) s 
micity; (4) geothermal activities; (5) geodetic, palaeog 
graphical, and radiometric data bearing on the uplift rate 
the region; and (6) field observation of the surface fault.pa 
terns. The combined data-set has imposed strong constrain 
on theories of the dynamic processes in this region. We summa 
ize here the relevant observations and discuss the results an 
implications of our model analysis; details of the modellir 
anra are hice elsewhere’. 
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(36.22 N, 94.55° E), were carried out in 1975-77. Figure 1 
-shows the topography and the Bouguer gravity anomaly along 
“this route. North of the Zangbo River, Tibet is characterized 
< by a large negative Bouguer anomaly of about —500 mGal. 
< Southward from the Zangbo River, Bouguer anomaly increases 
_ from about —500 to ~300 mGal over the High Himalaya and 
to about —50 mGal over the Ganges Basin. The Airy crust 
constructed from this gravity profile is also shown, which is 
‘about 70 km thick beneath the Tibet Plateau, but thins south- 
ward to about 50 km beneath the High Himalaya. This model 
is supported by its general agreement with the latest information 
on the seismic velocity structures of this region. 
<- Seismic profiling in central Tibet along the 90° E meridian” 
has provided the most detailed information for the crustal 
Structures. The crusts on the two sides of the Zangbo River are 
significantly different. North of the river the crust is 70-73 km 
in thickness; south of the river the crust thins from 65 to 45 km 
ear Yadung (27.5° N). Deep seismic sounding in the Kashmir 
Himalaya shows northward dipping of the Moho at an average 
ngle of 15°-20° (ref. 6). Thus, the Moho boundary has the 
me general features as the lower boundary of the Airy crust. 
«Most of the seismic activity is confined to the southern slope 
je Himalaya. Along most of the Himalaya the seismic 
'ity appears to be associated with the Main Boundary Fault 
BF)’. On the other hand, Chandra’ located earthquakes in 
road zone of 200-km width along the Main Central Thrust 
ACT), and considered both the MBF and MCT to be active. 
earthquakes are generated by thrust „faulting, with one 
lane dipping gently beneath the Himalaya’. This is consistent 
he theory that the Indian subcontinent underthrusts at 
angles, and implies that the processes that formed the 
laya are still at work. 
hin the Tibet Plateau, seismic activities are less vigorous, 
the fault plane solutions generally show strike-slip faulting, 
¡the P-axis oriented approximately north-south*, or normal 
ig, with the T-axis. oriented approximately east-west?! 
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Geothermal activities in Tibet (Fig. 2) are extremely energetic 
with numerous boiling springs, geysers, and hot springs 
scattered across the highland. Cenozoic volcanism is extensive 
over much of Tibet. Youthful geology also points towards a 
high regional heat flow. 

Also important is the uplift rate of the Himalaya. Geodetic 
surveys” in northern India during the past 75 yr revealed that 
the block north of the MBF is uplifting with respect. to the 
southern block at an average rate of 0.8 mm yr’. Fossil fauna, 
including Hipparion, were recently found in the horizontally 
bedded lake deposits of Jilong Basin (20°30' N, 85°10’ E); now 
at an elevation of about 5,000 m (refs 15, 16). Widely dis- 
tributed peneplains in the High Himalaya at similar elevations 
are thought to be the remains of an originally continuous 
ine Earl formed in the Pliocene at about 1,000 m above sea 
level". Evidences from abundant pollen, plant fossils, and 
traces of ancient snowlines have made possible the separation. 
of the influences of the climatic factor from the tectonic one’**". 
These palaeogeographical investigations have yielded a con-: 
sistent estimate that an average uplift rate of ~1 mm yr™ has 
occurred in the High Himalaya since the late Pliocene. A thir 
type of estimate of the Himalayan uplift rate came fror 
modelling fission-track dates of minerals from this pater 
consistent estimate of uplift rate from 0.7 to 1.5 mmyr™ also: 
emerges from these studies*’**. Clearly, there is much ea = 
tainty in each of these estimates, and more extensive work is 
needed to gain a more precise knowledge of the Himalaya 
uplift rate; but when all the evidence is taken together, 
close agreement in the different estimates is not likely to be 
coincidental, and the estimate of an average rate of uplift of 
1 mm yr™' seems to be reasonable. / 

Based on these observations, we have attempted to moder 
the present tectonic process in this region by using a two- 
dimensional, finite element technique*. Deformation was 
approximated by plane-strain in a vertical plane perpendicular. 
to the major structural lines, with the north-south width of the 
model extending northward from the Ganges Basin, through 
the Himalaya and- the Tibet Plateau, to the Kunlun Mountains. 
this. common for prob ems where te vertical 
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‘inside Tibet are eith 


ilayan—Tibet region is intrinsically three-dimensional. 
less, a two-dimensional approximation of the problem 


worthwhile, not only because it is far less expensive 
ause it may provide insight to the complex problem at 








detailed modelling procedure is given elsewhere*. We 
ed that at shallow depth the crust is permeated with 
res so that deformation is controlled by frictional sliding. 
At deeper levels (= ~25 km) ductile flow becomes more impor- 
tant; the controlling mode of deformation is assumed to be the 
one that requires less shear stress to activate. For frictional 
_Sliding, the shear stress (7) and the normal stress (Tn) across 
_ the sliding surface are related by 7 = uo, where u is the fric- 
tional coefficient and is ~0.6-0.8 for rock-on-rock sliding” 
nd may decrease to 0.2 for faults filled with saturated clayey 
_gouge’°; the latter value is used for friction on the boundary 
faults beneath the Himalaya. For steady-state flow of rocks at 
_high temperature, the general relation between strain rate (£) 
and the deviatoric stress (60) may be expressed at ¢ = 
A(6o)" exp (~Q/RT), where T is the absolute temperature, R 
is the gas constant, and A and n are material constants. From 
the steady state flow laws for several crustal rocks recently 
reported by Shelton and Tullis” we chose for the lower crust 
the following parameters: Q = 60 kcal mol”! (251 kJ mol`’), 
n=3, and A =1.33x 10° kbar™’s”'. For the upper mantle we 
assume that the steady state flow is controlled by the mechanical 
properties of olivine. The experimental results are summarized 
by Tullis”. For our numerical work, we chose the following 
parameters: Q=100kcalmol’, n=3, and A= 
“3x 10° kbar™* 57, 

_ Because the mechanical properties of rocks depend strongly 
‘on temperature, its value beneath the Himalaya and its vicinity 
is a most important factor. Unfortunately, relevant data for the 
construction of geotherms in this region are tenuous. Beneath 
the Ganges Basin, we adopted the thermal model of Bird? for 
the Indian platform. Chen and Molnar” recently interpreted 
the upper mantle seismic velocities beneath Tibet, using labora- 
tory data for olivine at high temperature and pressure, they 
concluded that the upper mantle temperature beneath Tibet is 
about 250 °C higher than that beneath the Indian Shield at the 
same depth. This conclusion is consistent with the high geother- 
mal activities in this area (Fig. 2), and confirms a geotherm we 
constructed from an assumed high conductive heat flow 
(2 HFU) and some broad geophysical constraints‘. 

With these assumptions of rheology and geotherms, the 
chanical property of our model is defined. The depth where 















«Fig. 2 Geothermal activities in 
 Tibet®®. 1, Quaternary volcanic 
<. cones; 2, eroded volcanic cones; 3, 
“steam blasts; 4, intermittent hot 
- springs; 5, geysers and fumaroles: 6, 
boiling springs; 7, hot springs. 
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speculation is provided by the many antecedent rivers flowing — 

















ductile flow becomes dominant depends on the loca 
and the geotherm. In general terms, the upper 25 km or k 
stiff, below which ductile deformation becomes more impor 
and the ‘strength’ of the lithosphere decreases rapidly s 
depth. | ae 
Assuming that the observed gravity anomalies and uplift 
this region is the product of a tectonic process still in operatio 
we looked for a set of boundary conditions which led to predi 
tions compatible with observations. The successful bounda: 
conditions were then used to constrain the mechanism wh 
may now be operating for the Himalayan uplift. a 
From the many models we tested*, the best one was acquire 
by imposing the following boundary conditions (Fig. 3): th 
south boundary moves northwards with a velocity . of 
50mm yr’. On the bottom boundary, vertical movemen 
~2mm yr ' under the thrust zone and 1 mm yr’ under the 
Tibet Plateau, horizontal displacement is not constrained, 
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except under Tibet, where a basal shear of a few bars is applied 
in the direction opposing the plate motion. The northern boun 
dary is fixed in position at its lower end, but the upper 25 km 
is constrained to move northward at a rate of 10 mm yr™'. This 
causes the lower crust and the upper mantle to experience a 
horizontal shear. "E ee 
Results of calculation for this model (Fig. 3) show that the: 
Ganges Basin sinks and the Himalaya rises, with a calculated 
uplift rate for the Himalaya of ~0.6 mm yr“, relative to the 
Ganges Basin. Considering the substantial uncertainty usually — 
present in such data, and considering the crudity of our model, © 
we think the agreement between the calculated and the obser- _ 
ved values are satisfactory. The Tibet Plateau also uplifts; at 
the same time it remains in isostatic balance. But the Himalaya 
and the Ganges Basin do not; the Himalaya develops a positive, 
isostatic anomaly, and the Ganges Basin a negative anomaly. — : 
The thickening of the crust in Tibet is accompanied by shorten- 
ing of the entire region, with ~15% in the Ganges Basin, ~30% : 
in the Himalaya, and ~55% in Tibet. When the stability of _ 
this model was examined with respect to changes in material 
properties and boundary conditions, it was found that it was 
Stable to minor changes of material properties and boundary- 
conditions. a 
An interesting result is the differential uplift rates between E 
the Tibet Plateau and the Himalaya—the annual rate of uplift 
of the Himalaya is ~0.2 mm yr"! greater than that of Tibet. 
This difference in uplift rates implies that the Himalaya was. 
lower than Tibet some 2 Myr ago. Spectacular evidence for this 
























































































southward across the main ridges of the Himalaya’”. Following _ 
Wager’, we suggest that the rivers established their courses on - 
a slope which formed the descent from a northern highland 
(which was later elevated to become the Tibet Plateau) to the 
Ganges plain, and since then the Himalaya has risen faster than. 
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“Big. 3 a, Boundary conditions used in obtaining our ‘best-fitting’ 
model. The displacement boundary condition is indicated by 
arrows. The traction at the bottom boundary of the model is 

indicated by the ‘half’ arrows. b, Calculated annual rate of defor- 
mation at the surface. c, Calculated annual rate of deformation 

-at the Moho boundary. The solid curve gives the deformation rate 

for the model; the dashed curve shows the hypothetical position 
~ Of the boundary if local isostasy is achieved. Thus, if the dashed 

boundary lies above the solid boundary, the region is overcom- 

pensated and will show a negative isostatic gravity anomaly; on 

the other hand, if the dashed boundary lies below the solid boun- 

dary, the local region is undercompensated and will show a positive 
isostatic gravity anomaly. 


< “Tibet to cross the rivers’ courses. More evidence is provided 
by the studies of the palaeoclimate on the northern flank of 
the Himalaya’’’°. These studies show that up until the middle 
. Pleistocene the Himalaya did not significantly block the mois- 
ture from the south. Since the late Pleistocene, however, the 
-mountain range has become a barrier effective enough to cause 
va dramatic change to a dry and cold continental climate on the 
-northern flank of the mountain range and inside Tibet. 
. The calculated maximum principal stress in the model is 
compression in the horizontal plane and along the north-south 
direction. Under the Himalaya, the stresses along the thrust 
„faults are also compressive, in conformity to the seismic focal 
mechanism. The magnitude of the predicted stresses depends 
critically on the assumed rheology and, in the lower crust and 
the upper mantle, on the assumed geothermal profiles. Our 
redicted stresses, however, are compatible with the current 
hinking on the formation of the Himalaya. On the average, 
yurcalculated maximum shear stress increases from about 
1 kbar at a depth of 5km to a maximum of 3 kbar, and then 
‘creases to about 1 kbar at 45km, 100 bar at 60 km, and 
about 1 bar at 100 km. The maximum stress difference beneath 
bet required to support the static loading due to the 
malous mass associated with the topography was estimated 
ye 0.5-1.5 kbar. Our calculation shows, however, that the 
A EE in this region may be a grener than 

















Stress may be partial ; 





y tesponsible for the southward mi gration 
of faulting in the Himalaya. Molnar et al? relate this southward 
migration of faulting to increasing friction on the active fault 
beneath the rising Himalaya. The mechanism we suggested 
above is complementary to that suggested by Molnar et al. 

Because of the two-dimensional nature of our model, we 
cannot predict the observed patterns of normal faulting or 
strike-slip faulting in Tibet. Surface deformation patterns, 
however, are not clearly related to the state of stress at depth. 
To demonstrate this point, we have carried out a preliminary, 
three-dimensional finite element calculation of the deformation 
of a model consisting of a upper, stiff, layer overlying a lower 
ductile substratum under uniform north-south compression. 
Our results show that east-west tensile stress may be induced 
in the upper layer to cause extensional features. A similar 
conclusion was reached qualitatively by Molnar and Tappon- 
nier’'*’, Other mechanisms, such as doming and stress con- 
centration near the tips of pre-existing faults may also produce 
east-west extension under north-south compression. Thus, the 
observed tensional features on the surface in Tibet do not 
necessarily contradict our suggestion that the entire region. is 
under a north-south compression. Studies of the focal mechan- 
ism of intermediate depth earthquakes beneath Tibet would 
provide crucial evidence for further modelling. Hong ef al.” 
studied the focal mechanisms of seven earthquakes of inter- 
mediate depths in this region and showed a consistent picture 
of slightly inclined P-axes perpendicular to the main structural 
lines. Chen et al.™ did a more detailed study of one intermediate 
depth earthquake in Tibet; their results, however, shows the 
P-axis to be vertical. Clearly, more work needs to be done 
towards a better understanding of the tectonics of this region. 

We thank Peter Bird, and John Verhoogen for helpful com- 
ments. C-y. W. thanks the University of California for financial 
support, the Academia Sinica for making possible his trip to 
the studied area, and Zhang Zhi-fei for permission to include 
his geothermal data. 
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> Most studies of plant communities attempt to correlate species 

_ distributions with environmental variables’~*. Such studies pro- 

-vide some insight into the contribution of density-independent 

-variables to plant community structure’ but contribute little 

_. to our understanding of niche relationships and levels of com- 

_ petitive interactions among coexisting species. In contrast, 

experimental perturbation studies where species are added or 

removed, have the advantage of testing specific biotic interac- 

_ tions among community components in natural conditions. Such 

approaches, for example, have proved valuable in elucidating 

_ the role of competition and predation in structuring sessile 

marine invertebrate communities’”. Despite an empirical 
approach championed by Clemments’’, few terrestrial plant 
ecologists have conducted analogous perturbation—response 
studies" "t, We have performed perturbation experiments on 

a set of closely adjacent coastal plant communities. Our 

` observations indicate that species interactions are important in 

- structuring these plant communities, and that these interactions 

may be specific or diffuse, reciprocal or non-reciprocal and may 

~~ vary in different environments. We suggest a general approach 

- to quantifying species interactions, derived from perturbation 

experiments, as a framework for generalizations and com- 

_ parisons of biotic interactions in natural communities. 

_ Aseries of adjacent coastal plant communities was examined 
along a gradient across Core Banks, a barrier island on the 
coast of North Carolina. The vegetation was surveyed by 

-measuring optical point cover in 448 0.25 m? contiguous quad- 

rats located along two main transects across the island and 
several smaller transects chosen to include the total range of 
communities encountered in the area. A single environmental 

_ scalar was developed from two measured environmental vari- 

ables (distance from beach berm crest and depth to water table), 

_ using direct gradient ordination''*. From relative cover values, 

we obtained running average curves for each species along the 

alar (Fig. 1). Detailed analyses of these ordinations will be 
presented elsewhere. Several workers have attempted to make 
interpretations regarding niche relationships among coincident 
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o Figi Direct gradient ordination for 16 
herbaceous species occurring along the 
Core. Banks, North Carolina transects. 





‘weighted distance from the beach and the 
inverse of depth to the water table. 
Species curves were plotted from running 
averages. Abbreviations for species are as 
follows: Un, Uniola paniculata, Eu, 
Euphorbia polygonifolia, Sp, Spartina 
patens; Co, Conyza canadensis, Oe, 
Oehothera humifusa, Hy, Hydrocotyle 
bonariensis, Tr, Triplasis purpurea; So, 
olidago sempervirens, Er, Eragrostis 


sa; Mu, Muhlenbergia capillaris; Sb, 
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Experimental perturbations were carried out at fiv 
approximately 50 m apart along one of the main trans 
the primary dune, rear dune, swale-grassland, high salt ma 
and low salt marsh. Dominant and subdominant species 
removed singly or in groups within 1 m? plots by weed: 
combined with selective herbicides. At each site there we 
or four selective removal treatments (see Fig. 2 and Table 
complete vegetation removal, plus a control. Grasses and 
sedges were spot- or broadcast-treated with Dalapon (2, 
dichloropropionic acid) and dicotyledons with (2,4-dichlor 
phenoxyacetic acid (2,4-D). Treatments were repeated. as 
necessary to ensure that vegetative regrowth did not occ 
during the first 3 months of the study (June—August). At each 
site, treatments were assigned randomly to cells in each of three 
replicate blocks. Four samples were taken per cell for a total 
of 12 replicates per treatment per site. Species responses were 
analysed by optical point cover (0-81 counts per replicate) and, | 
for grasses, by change in the number of tillers per year. The | 
results of both methods were very similar*', and. only values _ 
based on optical point cover are presented (Fig. 2 and Table 1). 

Removal effects were tested by analysis of variance (after 
square root transformation) in which treatments were con- | 
trasted with controls in paired comparisons. Using block x. 
treatment mean square as the error mean square, significant | 
removal treatment effects were found in 8 of 48 comparisons. 
[œ = 0.05 (1,2)] (Fig. 2 and Table 1) whereas <3 would have — 
been expected by chance at this level. We use this result to - 
show that significant species interactions can potentially be | 
resolved by such perturbation-removal experiments. > oe 

It is possible that the within-block replication differs from _ 
that between blocks; in this case it would be invalid to combine | 
error variation. A subjective assessment of the experimental — 
area indicated that the two levels of variation were similar for 
most of the cells. In addition, the mean square errors associated | 
with the within-cell replicates were approximately equivalent — 
to the block x treatment mean square errors for 40 of 48 | 
comparisons. We therefore pooled the error variation foreach | 
comparison” and have given the appropriate standard errors 
in Table 1. re 

We now introduce a general approach to analysing these — 
biotic interactions: the response of species j to the removal of — 
species i can be quantified in terms of a removal response _ 
coefficient defined as C, = N,,/N;, where, N; is the change in 
importance of species j following the removal of a coincident 
species i, and N; is the importance value of species í coexisting 
with species j before the imposed perturbation. Here import- 
ance values are based on per cent cover, but abundance, bio- 
mass, reproductive output and so on, might be used. N; is 
equivalent to the relative area of the central, darker circle in- 
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ecrease in im mportante (negative: C; value) following the 
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=0, 498, pan 0. 693; see Fe 2d and Table 1), 
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ishg d ab come S. pátens and Uniola Ce ai 028, re 
ioe see oe. 2a and. Table k va have a similar distribu- 











Species or guild 
Removed (i) Retained {f} 
Uniola S. patens 
Uniola Hydrocotyle 
Uniola Conyza 
Uniola Oenothera 
S. patens Uniola 
S. patens Hydrocotyle 
S. patens Conyza 
§. patens Oenothera 
Rear düne 
ee ate ; Hydrocotyle S. patens 
Hydrocotyle Conyza 
S. patens Hydrocotyle 
S. patens Conyza 
Swale 
coe Muhlenbergia S. patens 
Muhlenbergia Hydrocotyle 
Muhlenbergia Solidago 
Muhlenbergia Andropogon 
Muhlenbergia Eragrostis 
Muhlenbergia Paspalum 
S. patens Muhlenbergia 
- S. patens Hydrocotyle 
$. patens Solidago 
- §., patens Andropogon 
S. patens Eragrostis 
S. patens Paspalum 
Hydrocotyle and Solidago Muhlenbergia 
`- Hydrocotyle and Solidago S. patens 
Hydrocotyle and Solidago Andropogon 
- Hydrocotyle and Solidago Eragrostis 
Andropogon and Eragrostis Muhlenbergia 
Andropogon and Eragrostis S. patens 
Andropogon and Eragrostis Hydrocotyle 
Andropogon and Eragrostis Solidago 


. Fimbristylis S. patens 
Fimbristylis Aster 
Fimbristylis Limonium 
Fimbristylis Satabia 
§. patens Fimbristylis 
S: patens Aster 
. S. patens Limonium 
Zoo S Peren Sabatia 


es alterniftora ; 


oe S, patens . 
<o oS alterniflora : _ Fimbristylis 
& alterniflora _ Aster 

sale alterniflora Limonium 
i Sepatens S. alterniflora 
°° §, patens _ Fimbristylis 
SS. patens. Aster. 
o & patens i Ea 


Table 1 ae removal response coefficients 





and Table e 1). wenn interactions: are. abundant, but the wa 
in which they structure these plant communities and lead t 
the zonation patterns observed in Fig. 1 is complex. ae 
The interactions found were. both specific and diffuse. We 
can quantify these based on the equitability of responses. among: 
j species to the removal of a particular species i, A high 
equitability would indicate diffuse interactions whereas a low 
equitability would indicate species-specific effects. Using the 
standard Shannon information measure”, gquitabiiiy E ; 
H;/ H nas, Where 


Hi= = X (Na È Nu) In ( N/E N) 


i=] 
























s = number of j species coexisting with i, and Haai is equal t : 
H; calculated assuming that all Ni values are is hes In the high. 














































Response” 
Control Removal SE C; 
1.96 1.86 0.23 
2.34 1.80 0.20 
2.22 1.29 0.32 
0.74 1.07 0.20 — 
3.68 3.72 0.30 
2.34 2.96 0.26 
2.22 2.25 0.33 
0.74 1.03 0.13 
0.66 2.39 0.24 0.344 
1.48 2.27 0.23 0.193 ` 
3,92 3.60 0.15 — 5,409 
1.48 1.53 0.20 0,341 
1.55 2.23 0.26 
2.28 3.03 0.21 
2.00 3.18 0.26 
2.19 2.96 0.31 
1.77 2.80 0.30 
0.21 1.59 0,29 
6.85 5.87 0,35 
2.28 2.60. 0.18 
2.00 3,39 0.35 
2.19 2.00 0,31 
1.77 0,90 0.30 
0.21 9.30 0.11 
6.85 6.43 0.22 
1.55 1.54 0.23 
2.19 1.72 0.35 
1.77 2.12 0.29 
6.85 6.19 0.25 
1.55 2.51 0.20 
2.28 2.94 0.18 
2.00 3.01 0.23 












5.54 7.57 0.20 
1.10 1.54 0.25 
0.18 0.99 0.15 
0.48 0.48 0.20 
6.20 7.33 0.24 
1,10 0.35 0.21 
0.18 0.24 0,12 
0.48 0.63 0.19 











4.73 3.24 0.32 
2.05 1.86 0.28 
0.91 1.71 0,30 
1.07 1.59 9.26 
5.97 5.63 0.25 
2.05 2.41 0.34 
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marsh, removal of S. patens produced a large and significant 
_Tesponse from Fimbristylis alone among six competitors (E; = 
“0.225, for 4 of 6 competitors as listed in Table 1, Fig. 2d: 
_absolute N; values were used). This contrasts with the swale 
_where there were mo e nearly equal interactions among the six 
‘subdominant species after removal of Muhlenbergia (E,= 
- Non-reciprocal responses seem common across these sites. 
We can define reciprocity of species i with j as Ra = Cy/C\i, 
where ||C;|<||C,|. In four of the five sites the interactions 
between the dominant and subdominant species were largely 
non-reciprocal. In the rear dune and low marsh, Rj, = — 0.064 
and ~0.813, respectively, for Hydrocotyle with S. patens and 
Spartina alterniflora with S. patens (Fig. 2). Negative values 
would result from non-reciprocal contraction of species j in 
response to the removal of species i. In the swale the dominant 
lenbergia was consistently involved in non-reciprocal 
es with the three subdominant components: S. patens, 
repogon plus. Eragrostis, and Hydrocotyle plus Solidago 
d 0.010, —0.171 and —0.354, respectively; Fig. 2c). In 
the primary dune, S. patens and Uniola both showed little 
interaction but Rj; = —0.359 (Fig. 2a). Only in the high marsh 
were the responses relatively reciprocal between S. patens and 
Fimbristylis, R,,= 0.719 (Fig. 2d). 
Site-specific effects were also prevalent. The nature, degree 
and reciprocity of significant species interaction between 
drocotyle and S. patens changed depending on the habitat 
msidered: C; for the primary dune = 0.857; C; and C; for 
the rear dune were 0.344 and —5.409, respectively; and C; and 
C; for the swale (Solidago included with Hydrocotyle in i) were 


~0.003 and 3.787 (Fig. 2a-c). Similarly the interactions of S. 
patens with Fimbristylis changed for high compared with low 
marsh (C; = 0.498 and 0.072; Fig. 2d, e). We cannot distinguish 
ther these site-specific effects are a direct effect of the 
ironment on the species interaction, or the result of changes 
‘ground species composition, or both. 

najor problem in assessing species interactions by per- 
response studies is that the results may be time- 
fic and biased towards fugitive species. However, we do 
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Fig. 2 Perturbation response diagrams for species removal treatments at five sites from: Core 
Banks. In each case, the relative area of the heavy, central circle represents the relative abundance | 
{per cent cover) of the species. removed in each treatment (N). The relative area of the outer,” 
tangential circles associated with each heavy circle represents the abundance of species in the c 
control. The relative area of the inner tangential circles associated with each heavy circle represents > 
the increase in abundance of species after removal (N,,). Values are based on untransformed means, 
ee One and two asterisks indicate statistically significant differences compared with the contro] at’ S 
P<0.05 and P<0.01 levels, respectively, for transformed, treatment and block x treatment mean. 
Square ratios. To simplify the diagrams and for ease of interpretation, negative N, values (möst 
with small effects) were omitted. The tabular data on which this figure is based are presented 


.considering a Cj; matrix’’, where the elements are removal 


e this is applicable to the present study. The complete _ -descriptive studies, Such experiments provide a definit: 
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elsewhere”, 


removal treatments allowed us to identify Sabatia, Salicornia, 
Triglochin and Setaria as fugitive species because they were 
either absent or persisted at low frequency in the community 
and expanded following complete removal*'; only one of these 
species was found in one of the partial removal treatments. 
These results show that while our observations were time 
specific, they were not necessarily biased towards fugitive 
species. Clearly one could quantify fugitivity of a species by _ 
observing the change in its C; with time; however this was not. $ 
done in the present study. a 
This experimental approach, with the associated parameters, 
could be extended to the level of the entire community if all: 
species were reciprocally removed. We could then examine 
interference among coexisting species across the community by. 


response coefficients indicating covariation in abundance o 
species i and j. Sets of covarying species can then be identified 
and may be considered to constitute guilds”, Moreover, the 
parameters relating to diffuseness and reciprocity of the intera 
tions can be extended, by simple weighting, to the entire.con 
munity, and can then be used for comparisons between differ 
communities, or among different classes of species (based 
for example, abundance, life form or breeding system) within 
particular communities. By performing single species and mult 
species removals, the existence of higher order community 
interactions can also be tested. We have deliberately avoided 
interpreting C; in explicit biological terms: for example, | 
could be thought of as representing the degree of overlar 
resource utilization of species j on species i, but this is a 
presumption not warranted by either the nature of this study 
or any other perturbation experiment per se. Even if. 
excluded interaction effects due to predators or pathogen 
deriving competition coefficients from such perturba 
responses would require an a priori assumption as. to 
appropriateness of the competition model used to make 
calculations. | as 
Clearly, the information about community structuring gait 
from such perturbation experiments is far greater andr 
accurate than any inferences that might be made from pt 

















































































































d ene Above all, when E ai responses 
ar quantified using the indices suggested here, they can be 
d in a comparative way, to generate and test hypotheses 
garding the manner in which different communities are 
rganized. 

~ We thank R. Whitlatch, J. Hartman, F. Bazzaz, R. Mead and 
U. Koehn for helpful comments. 
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it ‘has been shown that the establishment of urinary tract 
fection by Escherichia coli is dependent on attachment of 
bacteria to epithelial cells'*. The attachment involves 
cific epithelial cell receptors, which have been characterized 
as glycolipids**°. Reversible binding to cell-surface mannosides 
Iso be important* "1-15 This suggests an approach to the 
ent of infections—that of blocking bacterial attachment 
ell membrane. receptor analogues. Using E. coli mutants 
acking one or other of the two. binding specificities (glycolipid 
mannose), we show here that glycolipid analogues can 
in vitro adhesion and in vivo urinary tract infection. 
le 1 lists Abe prapertios o of the E. colt strains used. E. coli 
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i and. HU 824 were ‘obtained | ‘Sher. N-methyl-N-nitro-N- x 


nitrosoguanidine treatment of a lactose-negative mutant of 
GR 12. Further details on the construction and stability of the. 
mutants will be reported elsewhere'*. The mutants and the 
parent were identical by the following genotypic and phenotypic. 
characteristics available for testing: electrophoretic mobility of - 
13 chromosomally determined | enzymes" *, three plasmid bands _ 
of the same size" , serotype’’, resistance to the bactericidal ; 
effect of serum’’, inability to haemolyse horse erythrocytes’” 
and api 20E pattern. Clearly, these tests or other techniques 
are insufficient to demonstrate genetic identity between the. 
mutants. The only discernible difference between these strains- 
was, however, the receptor specificity of their adhesins. initia $ 









Table 1 p Properties of the E, coli strains HU 824 Str” and HU T42 
Nal?, used for experimental ascending urinary tract infection 


Oe ner te neared (tre mene neat et tener tered trait rare ater ee E e e LE RR A e I NF ee e e = ee 


E. coli strain 


Property HU 824 Str? HU 742 Nal? 
Serotype 075 Knt 075 Knt 
Antibiotic resistance 
Streptomycin R S 
Nalidixic acid S R 
Trimethoprim S S 
Sulphadiazine R R 
Tetracycline S S 
Cephalothin S S 
Mecillinam S S 
Ampicillin R R 
Nitrofurantoin S S 
Bactericidal effect of human serum R R 
Haemolysin production 9 0) 
Adhesion to uroepithelial cells (bacteria per cell) 
Human 65 0 
Mouse 51 12 
Receptor sugar inhibiting adhesion 
Globotetraos 9 ugm’ NI 
a-Mn NI ~92 ug mi! 
Agglutination of guinea pig erythrocytes 
Uncoated in PBS a + 
in a-Mn ae = 
Coated with globotetraosylceramide 
in PBS + + 
in a-Mn + ~ 





E. coli HU 824 and HU 742, mutants of a wild-type pyeloneph- - 
ritogenic E, coli strain, were identical for the genotypic and phenotypic | 
traits listed, but differed in specificity of their adhesins. R, resistant; S, 
sensitive; Knt, nontypable for Kantigens'’. To permit separate detec- 
tion out of a. mixture, mutants resistant to i mgm] of streptomycin 
(HU 824 Str? ) or to 50 pg ml”? of nalidixic acid (HU 742 Nal® ) were. 
selected by the gradient plate technique (without mutagenesis). The _ 
resistant mutants grew equally well on TSA with or without antibiotic 
after passage on antibiotic-free medium, retained the adhesive and 
haemagglutinating properties and showed no difference in in vivo infé 
tivity compared with the respective parent. Adhesion to uroepithelia 
cells from the urinary sediment of a healthy female donor (blood group - 
P,) and the bladder of BALB/c mice was assessed as described elsew-._ 
here’, Adhesion = mean no. of bacteria attached to 40 epithelial ce 
For adhesion inhibition, bacteria were preincubated with decreasing . 
concentrations of globotetraose or Mn, epithelial cells were adde: 
and adhesion testing was performed*”’ - The concentration requir 
50% inhibition of the adherence of 10° bacteria is. shown. | 
inhibition. Induction of binding of E. coli HU 824 Str”? was stud 
agglutination of guinea pig erythrocytes coated with globotetraosy 
ceramide™®. Agglutination after but not before coating, and in the. 
presence of aMn, was credited to the receptor. The oligosaccharide © 
globotetraose, released from globoside by ozonolysis, and purified by 
Folch partitioning and alkaline fragmentation, was analysed by gas~ 
liquid chromatography and NMR (ref. 23). The NMR spectroscopy in. 
D20 spectrum showed signals from three anomeric protons with 
chemical shifts, as expected for globotetraose: B-hexoseamine, B- 
hexose and a-hexose. The fourth anomeric signal from the reducing- 
glucose residue was split into two, corresponding to the a and 8 form ‘ 
in. the Proportions 1:2, ‘a 
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742 Nal? in the "9 


ence and absence of 
ptor sugar. The 
were grown on 
tic-free media, 
ed into PBS with 
etraose (50 ug 
) for expt 1 and 30 
ml! for expt 2, 
hich were, respec- 
‘ly, four and three 
times the in vitro ICs 
for E. coli HU 824) or 
into PBS with aMn (5 
<: mgml! for both experi- 
>n ments which was 50 
~~. times the ICsy of HU 
2-742 in vitro adhesion), 
=. and incubated for 60 
Min at 37°C. Viable 
counts on the inoculum 
before and after incuba- 
¿< tion excluded changes in 
bacterial numbers due 
to the presence of the 
x: sugars. The inocula (per 
animal) for expt 1 were: 
PBS, 3.9x10°+8.3x 
107; plobotetraose, 
9.7 x 10° + 8.3 x 107, 
For experiment 2: PBS, 0.1 
3.0 x 10° + 3.9 x 107; 
en globotetraose, 2.9 x 
~ -10°+3.3x10’ of HU 
824 Str? and HU 742 
— _ Nal? -rëspectively. The 
_ inocula per animal for 
the aMn_ experiments 
-~ were for expt 1: PBS, 
2.3 x 10° + 1.4.x 10°: 
= aMn, 3.7x10°+1.1x 
-» 10°. For expt 2: PBS, 
6.4 x 10° + 8.3 x 107; 
-aMn, 4.4x10°+1.0x 
10° of HU 824 Str® and 
HU 742 Nal? respec- 
-tively. The = mixed 
> 4nocula with or without 
-<-Yeceptor sugar were 
“injected into the bladder 
Of mice which were kil- 
Jed 2.0r 16 h later. Serial 
-dilutions of the homo- | 
-genized kidneys and bladders were cultured on TSA (BBL, 
Cockeysville, Maryland), TSA streptomycin (1 mg m`!) or ISA 
nalidixic acid (50 yg mi~’), The relative recovery from each animal 
- “and tissue of the two strains is given as log (R HU 824/RHU 742), 
~ The cumulative sample distribution’* of the recovery ratio is 
_ presented, starting from the animal with the lowest recovery and 
adding up to all animals (=100%). Both in kidneys (a) and 
‘bladders (b) a significant shift towards lower recovery of HU 824 
Str® was observed after globotetraose treatment. No significant 
effect of aMn treatment was observed (c). The differences 
«obtained with globotetraose were significant both at 2 and at 16h, 
-- and the results from these animals have been pooled. 
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the two strains had identical antibiotic resistance patterns. To 
allow separate detection from a mixed inoculum, mutants resis- 
t to Imgm!™' of streptomycin (HU 824Str®) or to 
gml”' of nalidixic acid (HU 742 Nal®) were selected (see 
1 legend). 
lifference in receptor specificity between the adhesins 
li HU 824 Str? and HU 742 Nal? was characterized by 
n inhibition by soluble receptor sugars or induction of 
nN $ s - 












-previously unreactive cells by receptor coating 
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by the shift of the cumulative sample distribution curve towards 


< to the mouse bladder cells, but might bind to urinary slime 


Jegend). The adhesion to human uroepithelial cells of inhibitory effect of aMn in vivo, as reported in other syst 



























-10° E. col was reduced to 50% by 9 u 
botetraose; the oligosaccharide obtained from glob 


receptor glycolipid) by ozonolysis’? (Table 1 legend) 
HU 742 carried mannose-binding adhesins defined by m 
nose-reversible agglutination of guinea pig erythrocytes”’, TI 
adhesion of E. coli HU 742 Nal” to human or mouse epitheli 
cells was inhibited by a-methylmannoside (a Mn), although 
inhibition was too low to allow exact determination of the 50! 
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slime™ could not be assayed quantitatively. The agglutinat 
by E. coli HU 742 of guinea pig erythrocytes was inhibited 
aMn both before and after coating with globoside. E. 
HU 824 Str” agglutinated guinea pig erythrocytes after, 
not before globoside coating. This reaction was unaffected 
aMn. 2 
Female BALB/c mice, aged 6-8 weeks, were infected by 
catheterization of the urethra and injection of 0.05 ml of a 
bacterial suspension (L.H. et al., in preparation). The animals 
were killed at various times later, kidneys and bladders homo- 
genized and viable counts performed. It was soon recognized 
that the high degree of variation among animals in the recovery 
of E. coli from kidney or bladder would tend to mask moderate 
differences between experimental and control groups. For this 
reason, each mouse was infected with a mixture of E. coli 
HU 824 Str“ and HU 742 Nal”, separable from the mixture by 
their different antibiotic resistance. At the end of an experiment, 
kidneys and bladders of each animal were homogenized separ- 
ately, and quantitative cultures of each strain prepared on agar 
plates containing the appropriate antimicrobial agent. The 
recovery, R, of a given strain was then determined as R = no, 
of bacteria in the organ cultured/no. of bacteria in the inoculum, 
To evaluate the in vivo effectiveness of a given treatment 
(for example, the addition of globotetraose or aMn to the 
inoculum), the two E. coli strains were chosen such that one 
was susceptible and the other resistant to the in vitro effects of 
the treatment under test. The in vivo effectiveness of the treat- 
ment was then evaluated by comparing the recoveries of the 
two strains as the recovery ratio, R (susceptible)/R (resistant). 
Consequently, if the recovery ratio in the experimental group. 
was significantly lower than in the control group, it could be - 
concluded that the treatment had been effective in vivo. In this oR 
manner, the randomizing effects of individual differences among. 7 
animals were overcome by having one E. coli strain serve as | 
an intrinsic control in each animal, $ 
Inocula consisting of E. coli HU 824 Str? and HU 742 Nal® 
were prepared as detailed in Fig. 1 legend. After incubation: 
with globotetraose or aMn, respectively, the in vitro attachmen 
to mouse epithelial cells and agglutination of human or guine; 
pig erythrocytes was abolished. The inocula in phosphate- 
buffered (saline PBS) retained these properties. Afte: 
intravesicular injection of the inocula, the animals were killec 
and viable counts of the homogenized kidneys and bladder: 
trypticase soy agar (TSA), TSA-streptomycin or TSA-nalidixic 
acid were performed. The result of globotetraose treatm | 
shown in Fig. la for kidney cultures and in 16 for bladd 
cultures, while Fig, 1c shows the result of aMn treatment. Th 
recovery of E, coli HU 824 Str? was significantly reduced, b 
in kidneys and bladders after globotetraose treatment, as sei 


the left (P = 0.019, Mann-Whitney U-test). After aMn trea 
ment the opposite effect, a decrease of HU 742 Nal” recove 
with a shift of the cumulative sample distribution to the righ 
might have been expected. No significant difference from tl 
PBS control was observed. a 
We propose the following interpretation of the re 
Capacity to attach to the mucosal lining of the mouse uri 
tract was an important survival mechanism for E. coli HU 
as seen by its efficient adherence to mouse bladder cells in 
and the decrease of in vivo infectivity after pretreatment 
globotetraose. E. coli HU 742 attached in low numbers in 








































































































ibition of exiseriinenttal f infection a a, 

other hand, illustrates a new approach to prophylaxis 
atment of infections occurring via mucous membranes. 
unds mimicking the host receptors may competitively 
ind to bacterial surface ligands°™™”. This might decrease the 
umber of bacteria attaching to the mucosa sufficiently to alter 
ye delicate balance of host-parasite interaction in favour of 
host. 
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ature erythrocytes and granulocytes have limited lifespans, do 
‘replicate and must therefore be replenished constantly. 
iey are derived from pluripotent stem cells (PSCs) which are 
capable of self-renewal’, The numbers and properties of PSCs 
| be inferred in part from studies of their progeny. Such 
dies have depended largely on highly artificial experimental 
ms, laraiviag such gorph as X-ray irradiation, bone 
tosis’. We now describe a 








rn nae pis and show that eryibropoleiki is main- 
y the pro ducts of a very small number of clones which, 
ic d by Kay’, arise and decline in succession, These 
iges zet that t plees PERAE cells (CFC), rt 
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for the haematopoietic system®’. Recently, the discovery ofi an E 
electrophoretic variant of the X chromosome-encoded enzyme 
phosphoglycerate kinase (PGK-1)*, and the development of 
improved methods for measuring PGK activity in elec- 
trophoresis strips’, have provided a convenient marker system © 
in the mouse. : 
Female mice heterozygous at the PGK-1 locus were bled at 
14-day intervals for 16 weeks and then at 28-day intervals for - 
a further 40 weeks. The enzyme phenotypes were determined- 
electrophoretically from haemolysates using a modification of : 
the technique of Bücher et al.’. 7 
The percentages of PGK-1A alloenzyme in serial blood | 
samples from 10 normal heterozygous mice are shown in Fig. 
Large, and frequently sudden, variations in the relative 
amounts of A and B alloenzymes are evident in every individual, - 





+40 
+20 +20 
0 0 
~20 ~ 20 
~40 -AQ 
+40 
+20 +20 
‘ Of 
~20 ~20 
-40 -ÀQ 

<f 
T +20 +20 
a i 0 
Oo 

Au ae BO) ~20 
oF a0 aO 
-60 

+60 
+40 +40 
+20 +20 
Q 0 
~20 -20 
-40 
+40 +40 
+20 +20 
0 0 
-20 -20 
~40 ~ 480 


(OY Wee” a ae ee Se COON EN OOA SN OEN D VENE 
Q 8 té 24 32 40 48 36 O 8 lb 24 32 40 48 56 


Time (weeks) 


Fig. 1 Percentages of PGK activity attributable to the A allo- 
enzyme in serial blood samples from 10 PGK-1A/B heterozygous 
female mice. The data for each mouse are plotted as the deviation 
of individual samples from the overall percentage of Aalloenzyme >; 
in the mouse; this was estimated as the mean of the readings ~ 
obtained on day 0 and at 56-day intervals thereafter (see text). The < 
percentages of A and B alloenzymes were determined elec- 
trophoretically from haemolysates as described by Bücher et al’. 
with the following modification. After electrophoresis, the Cel- 
logel electrophoresis strips were applied to a polyethylene imine “; 
(PED TLC sheet on which had been spread a solution of the — 
enzymes, substrates and co-facto s necessary for the visualization — 
of PGK activity’, with added ‘C-labelled D-glucose. The radio- 
active final products of the linked enzyme reactions (glucose-6-... 
phosphate ; and 6-phosphogluconolactone) were adsorbed onto the 
PEI sheet’*, which was then autoradiographed on Kodak XS X- 
film. The autoradiographs were scanned with a double-beai 
recording densitometer and the area under each peak integrated. a 
The figures obtained were corrected to compensate for the log- 
linear response of the X-ray film to exposure, as determined by 
calibration with a series of known alloenzyme mixtures, and the 
proportions of the A and B usin were calculated. In most | 
animals the overall A: B ratio was ~7:3, a value consistent with 
the expected linkage of xce alleles (controlling the probability of 
a given X chromosome excaping inactivation) to the PGK-1A and 
1B alleles’’. The mice used were from the eighth generation 
bback-cross be PGK-1A onto the ions Ca (PORIE strain. 
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Fig. 2 Computer simulations of PGK phenotypes in serial blood 
“samples, generated on the assumptions that (1) erythrocyte 
lifespan = 45 days; (2) PGK-1A and 1B-expressing clonogenic 
cells are selected at random; and (3) each clone produces eryth- 
rocytes for only a limited period before becoming extinct or 
< quiescent. Three (a-h) or 15 (i,j) clones productive over any 
getlay period, The simulations shown are unselected, ie. first 
BS series. generated, 





` suggesting that only a few clones of cells are represented in each 
blood sample and that the identity of these can change rapidly. 
Or the simplifying assumption that all erythropoietic clones are 
of equal size, the number of clones (n) can be estimated by the 
- binomial equation n =p(1 ~ p)/s° (refs 10, 11) where p is the 
best estimate of the overall proportion of A alloenzyme in the 
haematopoietic system, calculated as the mean from several 
blood samples, 1 —p is the proportion of B alloenzyme; and s? 
is the variance of individual and independent samples around p. 
_ As the lifespan of erythrocytes in the mouse is ~40~-45 days”, 
‘blood samples taken at 14- and 28- day intervals are not 
_ independent and therefore cannot all be used to estimate p and 
_ $? Accordingly, n was calculated from the samples taken at day 
O and at 56- -day intervals thereafter. The mean value of n was 
d the range 2-30. This wide estimated range is largely due 
stical. error, as only eight independent blood samples 
btainable over the 56-week period of the study. Using 
value 10, and assuming 10'° erythrocytes per ml of blood 
blood volume of 2 ml, each clone must average 2 x 10° 
ithrocytes and is therefore large enough alone to provide the 
otal steady-state erythrocyte requirements for 4.5 days; three 
lones could provide for 14 days. The large changes that can 
cur in A: B ratios within 14 days Suggest that clones do indeed 
arise and decline in quite rapid succession. Computer simula- 
“tions of our data, assuming that three clones maintain the whole 
i ürden of erythropoiesis for 14 days and then cease production, 
are shown in Fig. 2(a-h). These simulations correspond quite 
se closely to the actual data, while simulations using any substan- 
lly larger number of clones—for example 50 in a blood 
ple, corresponding to 15 over a 14-day period—do not 
ate sufficient variability (Fig. 2i-j). 
ake a clone of 2 x 10° cells requires a production line of 
blings, which is far longer than has been estimated for 
duc n of -Srytarocytes from CFC—about 12-14 doub- 
long been regarded as haematopoietic stem 
least have the stem cell properties of 
otency. Our data show thar those CFC 



































~ tial clones, separated b y 17-19 doublings from: th clo 


i material, fewer secondary changes and the potential for prenatal 


sistently missing in DMD cells. The nature of this protein ind 


cells are labelled with two different isotopes (‘*C- a 
> leucine), mixed and then co-electrophoresed on the sa 
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cell, and that these clones are used sequentially to maintai 
erythropoiesis. | 
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Duchenne muscular dystrophy (DMD), the most common and 
severe form of the muscular dystrophies, is an X-linked inborn 
error of metabolism with multiple tissue involvement., Although 
the major pathological changes are observed in skeletal musele, 
abnormalities have also been detected in the heart’, nervous _ 
system’, red blood cells’, lymphocytes‘ and cultured skin fibrob- 
lasts*”. For many reasons, such as readily available tissue. 


diagnosis, cultured skin fibroblasts should be the tissue of choice 
to search for the primary defect. Several abnormalities have _ 
been reported in DMD fibroblasts, suggesting that the genetic 
abnormality is expressed in these cells~’. To search for poten- 
tially mutant protein(s) we have compared the protein.compos 

tion of normal and DMD fibroblasts by 1 two-dimensions 
electrophoresis and have now found one protein spot. 





its relation to the DMD gene are unknown. 2 
Genetic alterations responsible for a disease are generall 
reflected in specific proteins which could be structurally alt 
synthesized in abnormal quantities or not made at all. We ha’ 
searched previously for mutant proteins in DMD fibroblasts 
using one-dimensional polyacrylamide gel electrophoresis i 
combination with a dual labelling technique and found n 
consistent abnormality“. This indicated that the most abundar 
proteins in fibroblasts are not affected by the DMD gene: W 
the development of two-dimensional polyacrylamide gel el 
trophoresis’, the power of resolution for protein compos: 
was greatly improved. However, using the O'Farrell technique 
we encountered problems in obtaining absolute consiste: 
between the protein maps of Separate experiments. We th 
fore used a dual labelling approach, in which normal and D 
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Fig. 2 Diagram of spots cut out from a two-dimensional gel for analysis by 
liquid scintillation counting. Cells from the normal strain MCH 40 labelled with 
[4, S-*H]leucine were combined with cells from the DMD strain DC (male, 13 yr, 
Department of Pediatrics, Winnipeg) labelled with [U-'*C]leucine and co-elec- 
trophoresed essentially as in Fig. 1, except that the acrylamide concentration of 
the second dimension was 10%. The gel was silver stained™ and the spots 
indicated were cut out for dual label liquid scintillation counting’*, Spot no. 35 
corresponds to the 56 K/6.7 protein of Fig. 1. Additional spots were cut out to 
provide a reliable mean ratio of *H/'*C for reference (see Fig. 3). 
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Fig. 1 Analysis of protein composition of normal and dystrophic human 
fibroblasts by two-dimensional gel electrophoresis in combination with 
double-label autoradiography’. a, The negative of an autoradiogram (to 
give white spots) showing protein spots from normal cells; 6, a fluorogram 
showing the protein map of dystrophic cells. The arrows indicate a protein 
spot of M, 56,000 and a pI of ~6.7 present in normal cells (a) but not in 
dystrophic cells (b). c, A superimposition of a and b. White spots (normal) 
identical to black spots (dystrophic) are covered by this procedure. The 
56 K spot indicated by arrows is not covered. Cells were seeded in 60-mm 
Petri plates at a concentration of 1 x 10° cells per plate in McCoy's medium 
(10% in fetal calf serum, FCS) and grown at 37°C for 14 days, at which 
time they were always confluent. Media were changed twice weekly. For 
labelling, the medium was replaced with 1.5 ml of a similar medium contain- 
ing 36.3% FCS and either 1 mCi of [4, 5-*H]leucine or 25 Ci of [U- 
'*C}leucine (Amersham) and the cells were labelled for 48 h at 37°C. In 
some experiments, cells were seeded in 100-mm plates and conditions were 
adjusted accordingly. Cell lysates were prepared according to O'Farrell’, 
For isoelectric focusing (IEF) the lysates from normal and dystrophic 
fibroblasts were combined in a ratio of 400:1 *H d.p.m. to “*C d.p.m. 
Two-dimensional electrophoresis was performed according to O'Farrell’ 
with minor modifications. IEF gels were prepared using 0.4% pH 3.5-10 
and 1.6% pH 5-7 ampholines (LKB) and polymerized in glass rods 12.5 cm 
long and 3 mm in diameter. A sample consisting of ~200 yl of radioactive 
cell lysate containing *H-labelled and '*C-labelled protein and ~100 pg 
of total protein was applied to each gel. With every double-labelled gel, a 
control gel was run which only contained ‘C-labelled proteins. IEF was 
carried out for 16h at 400 V followed by 45 min at 800 V for a total of 
7,000 V h. Electrophoresis in the second dimension was done in slab gels 
0.75 mm thick with an 8-14% exponential gradient of acrylamide. The IEF 
gel was applied to the second dimension with or without prior freezing and 
was not equilibrated. After completion of electrophoresis, gels were fixed 
and prepared for fluorography by standard procedures. For double-label 
autoradiography, the procedure of Walton er al.” was followed. Gels 
containing double-labelled material and gels containing '*C-labelled 
material, in the same amount as that of the double-labelled gels, were 
prepared for fluorography. Exposure of the fluorograms to X-ray film 
showed that there was no spillover of ‘C-labelled material during °H 
exposure except for the most prominent spots. To determine the pH of the 
gradient formed in the first dimension, a parallel IEF gel containing unlabel- 
led protein from normal fibroblasts was extruded and rapidly sliced into 
10-mm sections. Each section was then equilibrated in capped tubes contain- 
ing 0.5 ml of water per tube. Molecular weights were determined on the 
second dimension by the use of appropriate markers. The photographs 
show the protein pattern of homogenates of normal and dystrophic fibrob- 
lasts which were mixed and electrophoresed on the same IEF gel. In this 
experiment (pair 1 of Table 1) the dystrophic fibroblasts were labelled with 
*H-leucine. The normal fibroblasts were labelled with '“C-leucine. 


Whether protein spots come from normal and/or dystrophic 
cells is determined by dual label autoradiography’? which pro- 
duces two superimposable X-ray films: one shows only *H- 
labelled spots, the other only “C-labelled spots. 

With this technique we detected numerous differences 
between normal and DMD fibroblast proteins (Table 1) but 
only one difference was seen consistently: the absence in DMD 
of a protein spot of molecular weight (M,) ~56,000 (56 K) with 
an approximate isoelectric point of 6.7 (Fig. 1). This abnor- 
mality was seen in fibroblasts from six different patients with 
DMD, which were compared with six control strains in eight 
different combinations. The protein spot was missing irrespec- 
tive of whether the dystrophic cells were labelled with *H- 
leucine or '*C-leucine (Table 1). In two pairs, overexposure of 
the fluorography for tritium (dystrophic cells) did not reveal a 
spot, although extreme overexposure will always reveal a spot 
due to '“C-leucine from the normal cells. 

A problem was encountered with pair 6 (Table 1): based on 
the constellation of spots in the 56 K/6.7 area it appears that 
both normal and dystrophic cells do not have the 56 K/6.7 
protein. However, an extra spot of the same apparent molecular 
weight was seen at an approximate pI of 6.5 in normal cells. 
We are now exploring the hypothesis that this spot represents 
a variant of the normal 56 K/6.7 protein. 

Some of the autoradiograms of the dual-label study had to 
be exposed for over 6 months. However, three more rapid 

techniques were successfully used to confirm our original 
findings (to be published elsewhere in detail). The absence of 
the 56 K/6.7 protein spot in DMD cells was also detected when 
the cell strains were labelled with **S-methionine or when 
unlabelled proteins were visualized by a sensitive silver staining 
method"’, Furthermore, when silver-stained spots from gels 
containing dual-labelled samples of an additional pair of normal 
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Disivaphic No. of Extra spots in 
(age) spots 
Label compared Normal Dystrophic 
WG 280(7 yr) 193 56/6.7 — 
`H 21/5.3 
42/5,4 
65/5.7 >65/5.8 
a 40(6 yr} WG 348(5 yr) 129 56/6.7 | _ 
"E 4345:55 
MCH 73 yr) WG 448(6 yr) 130 56/6.7 maena 
0o 3H He 25/5.3 4275.4 
MCH 35(3 yr) WG 466(6 yr) 178 56/6.7 — 
ie `H 40/5.4 4274.5 
o 29/5.5 40/4.8 
~ S$ MCH 48(5 yr) WG Sa yr) 253 56/6.7 -— 
TE *H 45/5.5 28/6.4 
MW (9 yr) JB he yr) 577 56/6.5 — 
as & °H >80/4.5 29/6.6 
43/5,8 61/6.7 
1576.2 
16/6.2 
28/6.2 
ue 75/6.8 
MCH 40(6 yr) WG 448(6 yr} 970 56/6.7 — 
si `H 27/5.8 28/5.9 
43/6,6 65/6.1 
42/6.6 50/6.1 
20/6.8 42/6.1 
20/6.4 
8  MCH 48(5 yr) WG 34815 yr) 490 56/6.7 ~a 
"E 4H 57/71 29/6.9 
38/7.0 
57/741 





< MCH and WG cell strains were obtained from the Repository for Mutant 
; Human. Cell Strains, Montreal, Canada; MW and JB from the Department of 
Pediatrics (Genetics), University of Manitoba, Winnipeg, Canada. Al cell strains 
w re from male individuals, matched closely for passage number and were used 
at passage 18 or less, The position of protein spots is given in approximate 
vordinates: of M,*1,000/pi. These coordinates have to be considered gross 
pproximations, as no. internal markers for M, and pl were included in the 
ments. ier 










and dystrophic cells were excised (Fig, 2) and their radioactivity 
determined by liquid scintillation counting, the 56 K/6.7 pro- 
tein spot showed <20% of radioactivity of the isotope of DMD 
cells (‘C) as documented by the highly abnormal ratio of 
| “H/ HC of spot number 35 (Fig. 3). 
coo HE the ‘missing’ protein described here is responsible for 
: DMD, it should be missing in all fibroblast strains from DMD 
-- patients, unless there is genetic heterogeneity in this disease. 
The protein should be coded for by the X chromosome, and 
ne should be able to show evidence for lyonization™ in fibro- 
cloned from carriers of DMD. Experiments to test these 
re in progress. At present, the nature and significance 
this missing protein are not known. Whether a direct or a 
ary. result-of the DMD gene, these findings provide 
her support to the hypothesis that DMD is indeed expressed 
‘cultured skin fibroblasts and can be studied in these cells. 









aN enennenmenseerihes en 


aaae | 


shonnalized ra ratio of all spots ae one and 
icare th me ce aton from the n mean. 








_ may be an artefact as the SB4 is the most poorly defined 
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The serological recognition of ‘new’ gene products of the HLA 
system can be accomplished by selecting sera with strong 
leucocyte antibodies and testing these against a panel of cells 
obtained from donors which are compatible for the known i 
HLA antigens with the antibody producer. This approach, 
which we termed the HLA-CAP approach (compatible with 
antibody producer), was essential in the recognition of what is _ 
now called the HLA-DR locus’ and of non HLA-linked T-cell _ 
subgroups’. Using the same technique, we have defined here _ 
several sera recognizing a structure on monocytes similar to 
one of the alleles of the HLA -linked PL3*“ or secondary B-cell | 
(SB)** system, so far only recognized by cellular techniques. 

Over 100 sera obtained from HLA-A1-B8-DR3 positive _ 
women which produced strong leukocyte antibodies, were 
tested against lymphocyte suspensions obtained from HLA-Al- 
B8-DR3 homozygous individuals. The two colour fluorescente 
(TCF) technique’ was used, which allows the recognition of. 
antibodies against B cells, T cells and monocytes independently, © 
without the need to separate these cells. In this technique, 
which is a complement dependent cytotoxicity test, ethidium 
bromide was used as a dye for dead cells, which is a mor 
sensitive reagent to test for viability than the eosine stai 
normally used. | 

Using these techniques, antibodies that reacted with Te € 
subsets were identified? and also a cluster of antibodies tha 
reacted primarily. with monocytes. The reaction pattern of- 
of these sera is given in Table 1. When the homozygous ‘pal 
cells were tested by means of the primed lymphocyte test ( 
for the five alleles of the recently described SB system? 
of the sera showed an almost perfect fit with SB4 and. one’ W 
SB1+4. . 

Because the sera also contained strong anti-HLA class: I 
class I] antibodies they were absorbed with buffycoat 
obtained from donors which were SB4 negative so thai 
could be used to type a random panel of cells. After absor 
the sera were tested against 25 unrelated SB typed individ 
(Table 2). There is a highly significant and clearcut correla 
between the SB4 determinant as recognized in PLT te 
and the antisera 37270, 35572 and 34155. However, © 
the panel donors was positive with these sera, but negati 
SB4 when tested with the PLT-SB4 reagents. This discre 


















































































of the SB system but it may be that SB4 as recognized : 













D, not determined. 





; reaction was considered to be positive (indicated by +). 





. Table 2 Two-by-two comparison of SB4 with 5 different sera 





SB4 + = + = 


Serum no, + + - = p* 
“37270 15 1 0 9 <0.0001 
< 35572 15 1 0 9 <0.0001 

34155 15 1 0 9 <0.0001 
30147 15 8 0 2 0.15 
1950 11 1 4 9 0.003 





3 The relevant sera were absorbed with selected buffycoat lymphocytes 
¿which carried the HLA-A, ~B, -C and /or -DR antigens corresponding 

to the antibodies in the sera, but lacking the SB4 determinant. The 

“reactivity of serum 34155 with SB1 positive donors was eliminated due 

_to absorption with SB1 positive buffycoat lymphocytes. 

a T " Fisher’ s exact P value. 


words, the relationship of SB and the presently described 
erologically defined determinant may be as confusing as the 
ationship between HLA-D and HLA-DR. 

The husbands of the women whose sera had shown positive 
B4. reactivity were tested with all the SB4 associated antisera 
able 3). These results showed that the monocytes of the 
romen were negative with the ‘anti SB4’ sera, but the husbands’ 
monocytes reacted positively. Preliminary data indicate that in 
his way also antibodies can be identified which react with SB1 
SBS positive cells. 

ie data presented here show that it is possible to recognize 
oduct, by serotyping on monocytes, which shows a very 
cant association with a product recognized by cellular 
s PLT) typing. It appears that this structure is encoded 




















donly < on monocytes. CML studies stigpested the pres- 
B determinants on B cell lines. Moreover a monoclonal 
I-LR1, first described by Nadler et al.® , recently has 
| to react with an epitope present on lymphocytes 
and a low number of SB4 positive individuals. This 
antibody was reactive (as shown in an 
ofluorescence technique) with a class II molecule, pres- 
3 cell, monyi and achealed T cells”, This Observa- 


3-like determinants, as recognized by serology, are 
ly expressed on monocytes. There are at least two expla- 
or this discrepancy. ' The determinant recognized by 
ri ent on B cells as well, uti for technical Feasons 
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Sera were obtained from women that had HLA-A1, -B8 and DR3 determinants. These sera were tested on mononuclear cells from donors which 
ere homozygous for HLA-A1-B8 and -DR3 in the two colour fluorescence (TCF) technique, described previously’. In brief, B lymphocytes 
and monocytes from a lymphocyte suspension obtained after Ficoll- Hypaque density gradient separation, were labelled with a goat anti-human. 
mmunoglobulin FITC conjugate. This cell suspension was used in a micro lymphocytotoxicity assay with antisera and complement. Dead cells 
ere stained with ethidium bromide. The reading of the test was carried out with an inverted microscope containing a Ploemopak filter combination. 
xcitation filters: LP 455- SP 490, barrier filter: LP 520, Zeiss filter combination no. 487709). If 20-50% of the monocytes were lysed, the 


dependent cytotoxicity test could be negative’. ie it 
could be that the determinant recognized by our sera-is not 
expressed on B cells. Paul and coworkers’ found a polymorphic 
determinant expressed on monocytes and some endothelial cells 
but not on B cells. Absorption studies are under way to deter- 
mine whether this possibly more sensitive technique may show 
that the structures recognized by our sera are present on B cells. 

Recent studies suggest that there may be many more loci ®™ 
in the HLA region than those presently recognized and our 
results show the importance of using antibodies which react 
with only subsets of mononuclear cells and more sensitive 
techniques than those commonly used in tissue typing should 
be used. 

We conclude that the antibodies described here recognize an. 
epitope on a gene product which is highly associated with or 
identical to SB. These antibodies will enable biochemical analy- 
sis of this gene product, but will not answer the question of 
identity or non-identity of SB and the determinant recognized 
by the antibodies. As long as uncertainty exists about the. 
identity of SB determinants recognized by cellular techniques. 
and the determinants identified by means of serology, we sug- 
gest an independent nomenclature. Following HLA-A, ~B, -C, 
and -D we recently described the serologically defined DR 
linked determinant LB-E'? (similar to or identical with MB"). 
The presently described determinant will be referred to as- 
LB-F. For convenience, the number indicating the allele of the- 
LB-F system should be identical to the number of the corres: 
ponding SB allele, i.e. in our case LB-F4 


















Table 3 Reactivity of the SB4 associated antisera tested against | 
monocytes from the antibody producers and their husbands i 
Monocytes from the producers Serum no. 
of serum no. 37270 35572 34155- 
37270 ©- ~ — 
35572 = ag = 
34155 = = = 


Monocytes from husbands 
of the producers of serum no. 


37270 
35572 
34155 


+++ 
+++ 
+ + + 





“The experiment w was s performed v with the TCF method as indicated in — 
- Tapi bo an : : 
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bain hepatoma cell line PLC/PRE/5, which contains 
integrated hepatitis B virus DNA, synthesises and secretes 
hepatitis B virus surface antigen (HBsAg)'”. When injected 
_ into BALB/c nude mice, these cells produce well-vascularized, 
encapsulated tumours in almost 100% of animals’. HBsAg has 
~ been demonstrated on the surface and in the cytoplasm of 
- PLC/PRE/5 cells using immunofluorescence techniques’*~*. 
< Recently, we reported that monoclonal antibodies to HBsAg 
` (IgG1, IgG2a and IgM isotypes) bind to HBsAg-associated 
viral determinants of PLC/PRF/5 cells in culture and 
- immunoprecipitate HBsAg secreted into the growth medium’. 

Iso IgG2a and IgM antibodies to HBsAg (anti-HBs) produce 
ecific lysis of PLC/PRF/S5 cells in culture in the presence of 
mplement, but have no lytic effect on human hepatoma cells 
1 do not express HBsAg’. In the present study, we demon- 
strate that IgM and IgG2a, but not IgG1, monoclonal anti-HBs 
-specifically prevent or suppress tumour formation in a substan- 
-tial number of athymic nude mice injected with PLC/PRF/5 
lis. 

For immunotherapy, we used three anti-HBs producing 
ybridoma clones developed by Wands et al. which bind with 
affinity and specificity to distinct viral determinants on 
Ag™ë, In preliminary experiments, we determined the dose 
uired to maintain detectable levels of monoclonal anti-HBs 
in nude mouse serum. When 1X 10°c.p.m. of I- labelled 
onocional anti-HBs IgM (specific activity 7-10 pCi Hg 1) was 
jected intravenously (i.v.), 10,000-20,000 c.p.m. of "T anti- 
per ml was present in nude mouse serum 3 days later. 
fing i.v. injection of 1x 10°c.p.m. of "I anti-HBs IgM 
48 hours for 8 days, "I anti-HBs was detected in nude 
Sono 5 en after the last injection. a 







































“anti-HBs (i. (i, p), and contol I titice received 100, plot ' pho oh 







buffered saline (PBS) i.v. or i.p. Subcutaneous injection 
PLC/ PRF/5 cells produced tumours in 37/39 control + nud 
mice (Table 1). Treatment of tumour-injected mice with anti 
HBs IgM prevented tumour formation in 15/23 animals, an 
suppressed tumour growth in 4 others (P < 0.001). Anti-H. E 
IgG2a showed a protective response in 18/26 animals, v 
prevention of tumour formation in 8 mice and suppression 
tumour growth in 10 mice (P <0.01). Monoclonal IgG1 ar 
HBs, which bound effectively to PLC/PRF/5 cells in cultur 
had no effect on tumour growth (Table 1). These results cor 
lated well with our previous in vitro studies’. Ri 

Two. additional groups. of animals were treated with- ree C 
clonal antibodies to non-HBV determinants. Ascitic fluid cc fi 
taining monoclonal IgM antibodies against influenza HA ant 
gen’ (i.v.) or IgG1-IgG2b monoclonal antibodies to tetan 
toxin!’ (i.p.) showed an effect in that some treated mice did 
not develop PLC/PRF/5 tumours. However, no response was 
observed in 11/16 of these animals and once tumours becam 
established during treatment with monoclonal anti-influenza 
HA protein or anti-tetanus toxin, there was no suppress ol 
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Fig. 1 Passive immunotherapy of PLC/PRF/5 human hepatoma 
with monoclonal antibodies to hepatitis B surface antigen. Four-to 
six-weeks-old male BALB/c nu/nu mice were injected sub- = 
cutaneously with 10’ PLC/PRE/S5 cells on day 0. Mice were. > 
_ injected with 100 ul monoclonal antibodies to HBsAg IgM (ix) 
or with 100 pl anti-HBs IgG2a or IgG1 (i.p.), Control mice were. ~ 
injected either with 100 pl of monoclonal antibody to influenza > 
HA antigen (i.v.) or with PBS (i.v. or i.p.). These data represent 
the results of one experiment in which all animals were injected 
with the same preparation of PLC/PRF/5 cells on the same day. 
Monoclonal antibody treatment was started within 1h after 
tumour cell injection and was repeated every 48h for 28-32 
days. Mice were examined daily for tumour formation and the’ 
volume of palpable tumours was determined by a standard. 
protocol with a calipers. The tumour volume is the mean of: 
the maximal longitudinal diameter multiplied by the square: 
of the maximal horizontal diameter. Numbers in parenthesis: 
refer to the number of animals in each group. At the termination. 
of experiments, tumours were excised and weighed, and mean. 
weights of tumours in each group are expressed as mg per g mow 
body weight. a, Treatment with monoclonal anti-HBs, IgM; 
‘suppressed’ tumours (n = 4; tumour weight 6.2+2.3 mg per g) 
©, control tumours in untreated mice (n =6; 60+25 mg); A 
tumours in anti-influenza HA antigen treated mice (n = 4; 60+ 
mg); and A, ‘non-responder’ tumour (n = 1, 131 mg). b, Treatm 
with monoclonal anti-HBs, IgG2a or IgG1: @, ‘suppress 
tumours in mice treated with anti-HBs IgG2a (n = 9; 10+2.5m 
A, ‘non-responder’ tumours in anti-HBs IgG1 treated mice (n= 
§6+ 17 mg); ©, control tumours in untreated mice {n = 8; 6l 
25 mg); ane A, ‘non-responder’ tumours in mice treated w 
be a santi-HBs e aa a 78433 aaa 



























Monoclonal. | . Effect on tumour growth 














: antibody. ‘Protective — No 
| _ treatment response response P 
Not 2/39 37/39 ~— 
Anti-HBs IgM liv.) 19/23 4/23 P<0.001 
Anti-HBs IgG2a (i.p.) 18/26 8/26 P<0.01 
-Anti-HBs IgGt üp.) 1/10 9/10 > NS 


`- Anti-influenza HA IgM 
liv.) 2/6 4/6 NS 
-_Anti-tetanus toxin 

ee ee (i. p) 


3/10 7/10 r NS 





AH mice were injected into o the flank region with 1x 10’ PLC/PRF/5 cells on 
“day 0, followed in one hour by injection of ascitic fluid containing monocional 
-antibodies i.p. or i.v. as indicated, or PBS in animals not receiving monoclonal 
intibodies. The concentrations of anti-HBs in ascitic fluid were as follows; IgM 
lone 5D3, 5.6 mg ml?; IgG2a clone 5C3, 22.6. mg ml~'; and IgG1 clone 2C6, 

SOn mg ml” 1. For anti-influenza HA antigen IgM and anti-tetanus toxin IgGi- 
“IgG2b, the concentrations were 3.8 mg ml‘ and 10 mg ml ', respectively. 100 
bof ascites fluid containing IgM or IgG was administered every 48 hours i.v, 

ori,p., respectively. Nude mice tolerated repeated injection of ascitic fluid for 
“ap to 4 weeks (3% mortality compared to 2% in noninjected controls}. Mice 
» owere killed within 28-33 days after tumour cell injection. Significance P was 
ms determined by comparing experimental mice to PBS treated controls, using the 
ie y? test, 


-the tumour growth rate (see below). Thus, in animals receiving 
-ascites fluid containing monoclonal anti-HBs IgM or IgG2a, 
-there was a response in 27/49 animals, whereas in the combined 
groups treated with monoclonal anti-HBs IgG1, anti-influenza 
-HA protein IgM or anti-tetanus toxin IgG1-IgG2b, there was 
<a response in only 6/26 animals (P<0.001) which was not 
significantly different to control animals (2/39) with 
~~ 0.05<P<0.1. 
Further evidence for suppression of tumour growth by mono- 
clonal anti-HBs IgM or IgG2a was shown by an increased 
tumour latency (defined as the time from PLC/PRF/5 cell 
injection until the onset of gross tumour development), a slower 
tumour growth rate (determined by measurement of tumour 
= volume) and a decreased tumour weight at necropsy compared 
to. control animals. Figure 1 shows the latency and tumour 
- growth rate in 46 nude mice injected with the same batch of 
= PLC/PRE/S cells and treated with various monoclonal anti- 
bodies. Most animals receiving monoclonal anti-HBs IgM did 
‘not develop tumours. In the four anti-HBs IgM-treated mice 
‘with suppressed tumour growth (Fig. 1a), latency was prolonged 
- to 20-22 days as compared to 10 days in control animals. For 
_ reasons which are unclear, tumour latency was also prolonged 
to 16-18 days in anti-influenza HA IgM-treated mice. 
= However, once tumours became established in anti-influenza 
HA protein-treated animals, their growth rate was most rapid 
_ (Fig. 1a). Tumour latency was also prolonged in IgG2a anti- 
HBs-treated mice (Fig. 16). Mean tumour volume was 
= decreased in IgM and IgG2a anti-HBs-treated mice with sup- 
pressed tumours (Fig. la, b) but was unchanged in mice treated 
vith IgM monoclonal antibodies to anti-influenza HA protein 
£ 14). There was also no change in latency or tumour growth 
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Table 2 Detection of anti-HBs in the serum of PLC/PRF/5 tumour-bearing mice 





$ ‘tilled 28-32 pn after tumour cell injection, HBsAg snd anti-HBs were deterinined on the day of killing, using commercially 
r; dioimmunoassay: kits as previously described’. HBsAg in normal nude mouse serum was 252+ 15 c.p.m. by RIA. 
nfluenzs HA antigens pana interfered with the. RIA for detection of acai 






toxin- treated animale Gata not ea With c one excepti 
when gross tumours did not develop following anti-HBs t 
ment, tumour cells were not identified histologically at 
injection site. 

In one anti-HBs IgM-treated mouse and five anti-HBs 
igG2a-treated mice very large tumours developed (Fig. 1a, b). 
This ‘escape’ phenomenon, which has also been observed in 
other systems'', was not due to inadequate monoclonal anti- 
body treatment. HBsAg was completely neutralized in the 
serum of all anti- HBs-treated mice (Table 2), and HBs ant 
was also identified in the medium cultured sublines establi: 
from three ‘escape’ tumours. Therefore, selection of non- 
HBsAg producing variants did not explain this phegomenak 
(our unpublished results). 

The gross appearance of PLC/PRF/5 tumours in nude mice 
treated with IgM anti-HBs monoclonal antibody is shown in 
Fig. 2. An example of a mouse with a PLC/PRF/5 tumour in 
each category is illustrated; a, ‘prevented’, b, ‘suppressed’, c; 
control (untreated) and d, ‘nonresponder’ or ‘escape’. 

In the present study, the difference in effectiveness of IgG2a 
and IgM anti-HBs on PLC/PRF/5 tumour growth is not clear 
but may merely reflect the relatively small number of animals 
in each group. Although IgG 2a anti-HBs can lyse PLC/PRF/$S. 
cells in vitro and was injected in a fivefold excess over IgM 
anti-HBs to reach comparable serum levels, it had primarily a 
suppressive rather than a preventive effect. This may be due 
to differences in the affinity or avidity of IgG2a and IgM 
monoclonal anti-HBs for HBsAg on the surface of PLC/ PRF/S5 
cells or that these monoclonal antibodies recognize different 
HBsAg viral determinants% ® . Alternatively, mechanisms other 
than complement-mediated lysis may be involved in inhibition 
of tumour formation and growth in nude mice. To test this a 
panel of monoclonal antibodies of the same affinity and/or 
directed against the same or different viral epitopes of various 
isotopes would be useful. It is also possible that a combination 
of monoclonal antibodies directed against different viral epit- 
opes might enhance effectiveness in suppressing or preventing 
PLC/PRF/5 tumour development. 

Despite previous failures of polyspecific antisera in. tumour 
immunotherapy’, suppression of tumour growth in mice by 
monoclonal antibodies has been reported in mouse lymphoma’? 
or leukaemia” and i in solid tumours of human origin, such as 
malignant melanoma” and colorectal carcinoma. A limited 
effect has also been observed recently in several patients with 
non-Hodgkins and T-cell lymphomas'*'’. However, in some 
studies, monoclonal antibodies to tumour cell determinants 
have been shown to recognize more than one specific cell. 
type'**°, thereby limiting their potential effectiveness. The 
present experiments suggest that immunotherapy with mono-: 

clonal antibodies directed toward viral epitopes on HBsAg may 
alter the growth of a human hepatocellular carcinoma, when : 













































































Serum HBsAg and anti-HBs levels 


Monoclonal Effect on {c.p.m. +5$.e.) 

- antibody No. of mice tumour growth HBsAg anti-HBs 
8 None 9,910+ 1,792 1,692 +439 
4 Suppressed 219+ 25 29,2394 414 
7 Prevented 207415 28,816+907 
1 Non-suppressed 179 28,144 
5 Suppressed 580+ 243 19,178 + 1,375 
5 Non-Suppressed 360 + 46 19,893 + 980 
9 None 232417 21,368 + 833 
4 None 2,794* + 656 639+ 62 
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Fig. 2 Gross appearance of PLC/PRF/5 tumours in BALB/c 
nude mice receiving monoclonal IgM anti-HBs antibody treat- 
ment. BALB/c mu/nu mice were injected with 1x 
10’ PLC/PRF/5 cells and were treated with monoclonal anti-HBs 
IgM antibodies (i.v.) every other day, beginning 1 hour after 
tumour cell injection. This photograph was taken on the 28th day 
after PLC/PRF/5S cell injection. a, Tumour ‘prevented’; b, tumour 
growth ‘suppressed’; c, control tumour in untreated mouse; d, 
‘non-suppressed’ or ‘escape’ tumour. 


such viral determinants are expressed on the tumour cell sur- 
face. This study shows that a high affinity monoclonal antibody 
to a viral determinant can inhibit tumour growth and thereby 
overcome the problem of cross-reactivity with normal cell mem- 
brane constituents. While this approach might be applicable 
only in situations where specific viral proteins are expressed on 
the host cell surface, its potential use in heptatitis B virus 
carriers, especially in those patients with chronic liver disease, 
would seem possible. 
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The mechanism of tumour cell destruction by natural killer (NK) 
cells or other lymphocytes is not understood. NK cells appear 
to represent a primitive anti-tumour surveillance system more 
analogous to macrophages than lymphocytes’. Free oxygen 
radicals (O;, OH) and H20, are thought to be involved in cell 
destruction by macrophages’ and therefore we looked for 
similar cytocidal intermediates of oxygen in NK cells. These 
highly reactive molecular species can easily be detected in the 
presence of luminol by the emission of light’. We show here 
that highly enriched human NK cells respond to NK-sensitive 
but not NK-insensitive tumour cells with a rapid burst of oxygen 
metabolites as detected both by chemiluminescence and cyto- 
chrome c reduction. Agents which can prevent chemilumines- 
cence and cytochrome c reduction, such as superoxide dis- 
mutase (SOD), reduced NK-mediated cytolysis and agents 
which increased chemiluminescence, such as interferon, also 
increased NK-mediated cytolysis. These results suggest that 
the production of oxygen species may be the earliest event to 
occur in the NK cell following tumour cell contact, and these 
products are involved in NK-mediated cytolysis. 

Peripheral blood lymphocytes were depleted of monocytes 
and separated on a discontinuous Percoll density gradient*. 
Lymphocytes from the NK-enriched fraction were dark- 
adapted in the presence of luminol, to achieve a stable back- 
ground, and then stimulated by the addition of tumour cells at 
a 10:1 tumour cell/lymphocyte ratio. As shown in Fig. 1, the 
addition of K562 cells (a human erythroleukaemia) caused a 
rapid increase in chemiluminescence, reaching a peak of 167 x 
10° c.p.m. within 30 s followed by a rapid decline and a second 
peak of 120 10° c.p.m. at 3 min followed by a more gradual 
decline to low levels at 8 min. Parallel experiments using a 
cytochrome c reduction assay revealed rather slower kinetics 
with a reaction velocity of 200 pmol cytochrome c reduced per 
min per 10° Percoll fractionated cells. No further cytochrome 
c reduction occurred after 8 min, by which time the 
chemiluminescence response had returned almost to the back- 
ground level. Addition of P815-2 cells (a murine mastocytoma) 
to Percoll fraction 2 cells caused a low chemiluminescence 
response (35x 10° c.p.m.) and little cytochrome c reduction 
(<200 pmol) (Fig. 1). The area under the anti-P815-2 
chemiluminescence curve was 36% of that under the anti-K562 
curve. Addition of 100 ug (280 U) of SOD caused an 80-90% 
inhibition of both chemiluminescence and cytochrome c reduc- 
tion. Even concentrations as low as 10 ug ml‘ had a small but 
significant effect (data not shown), 

To investigate the cells generating chemiluminescence, NK 
cells were enriched on a Percoll density gradient*. As shown 
in Fig. 2, there was a striking parallel between those fractions 
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enriched in NK cytolytic activity and those fractions yielding e 
the highest levels of chemiluminescence. In addition, Percoll 


fraction 2 cells reduced 210 pmol cytochrome c per min per : 
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Cytochrome c 


Cytolysis 





; Chemiluminescence reduction Conjugates 
“R anti-mIgM(1/10)+C’ 100 100 100 100 
Anti-HNK-1 (100 ug ml’) +R anti-mIgM+C’ 44 38 25 | 30 
HEF 164 NT 210 120 
K562 100 NT 100 100 
K562-induced clone B 48 NT 33 + 25 
Chang 29 NT 20 26 

L5178Y 15 NT 5 a 

Control 100 NT 100 100 | 
Fixed target (K562) 97 NT NT 90 
_. Fixed effector (NK) 0 NT 0 88 
< K562 p.m. vesicles 80 NT NT NT 
ic P815 p.m. vesicles 0 NT NT NT 
- Normal NK responder (n = 10) 100 100 100 100 
~ Low NK responder (n = 4) 47 50 20 98 
CH patients (n = 3) 100 NT 2 105 
Control 100 100 100 100 
SOD (100 pg mi’; 280 U) 11 8 25 105 
SOD-boiled 100 100 100 99 
Catalase (100 pg ml™'; 1,150 U) 100 100 100 100 
Control 100 NT 100 100 
B-Interferon (200 U mi~’) 150 200 95 
a -Interferon (500 U ml” 120 NT 150 110 
a -Interferon +anti-interferon (1/50) 100 NT 110 105 



















-=> Macrophage-depleted, peripheral blood lymphocytes were prepared and separated on Percoll density gradients as described in Fig. 2 legend. Each fraction was. 
> tested in a 2-h *'Cr-release assay against K562 and the most active fraction {usually fraction 2) was treated as shown, and tested in parallel for (1) K562-stimulated - 
_  chemiluminescence, calculated as the area under a 10-min curve (control values were 4-9 x 10° total counts); (2) cytochrome ¢ reduction calculated as pmol cytochrome 
é reduced per min per 10° cells during the first 6 min of reaction (control values = 175-225): (3) cytolysis of K562 in a 4-h “'Cr-release assay, calculated as lytic 
units at 20% lysis (control values were 8-16 x 10? lytic units per 10” cells); (4) the per cent fraction 2 cells binding to K562 cells in a single cell assay! (control values 
< were 40-60%). All values are expressed as per cent control for ease of comparison. a, 2x 10° fraction 2 cells were treated for 1 h at 0°C with medium as control or 
100 agmi’ (1/1,000 ascites fluid) of monoclonal, mouse anti-human NK antibody (HNK-1) (provided by T. Abo and C. Balch), washed and then treated for th. 
at O°C with 1/10 rabbit anti-mouse IgM (Cappel) (R anti-mlgM) followed by a 1-h treatment at 37°C with 1/2 rabbit complement (C’) previously absorbed with 
human lymphocytes. b, 10’ cells from various cell lines were added to fraction 2 cells. HEF, human embryonic fibroblasts; K562, human erythroleukaemia; clone B 
from K562 cultures induced to differentiate with sodium butyrate’*; Chang, human hepatocarcinoma; and LS178Y, a lymphoma induced in DBA/2 mice with 
-., methylcholanthrene. c, K562 cells or Percoll fraction 2 cells were treated for 1h at 37°C with 0.2% glutaraldehyde and then mixed with unfixed effectors or targets 
respectively. K562 or P815 cells were also disrupted in a nitrogen bomb and plasma membrane vesicles were isolated on sucrose density gradients. The equivalent 
“of 10 intact tumour gelis (28 ug protein) were added to the effectors. d, Ten normal and four stably low NK responders were selected from a pool of 600 multiply 
_ tested, healthy donors, previously identified by Dr H. Pross. Cells from three Chediak-Higashi (CH) patients were provided by Drs L, Boxer and A. $, Fauci. e. 
“Superoxide dismutase (Sigma, 2,800 U per mg protein), catalase (11,500 units per mg) and boiled (30 min) SOD as control was added to fraction 2 cells approximately. 
‘Amin before addition of K562. Cytotoxicity was measured in a 2-h assay. SOD activity was confirmed in a xanthine oxidase system*®’. f, Fraction 2 cells were 
preincubated for 30 min at 20°C with 200 or 500 U human B-interferon (10° units per mg protein, provided by C. Tan) and «-interferon respectively. a-Interferon 




















10° cells in response to K562 compared with zero in Percoll 
fraction 5, the only fraction tested. Immunofluorescence assays 
with monoclonal antibodies revealed that fraction 2 cells were 
nriched fivefold in the following NK markers compared with 
unfractionated lymphocytes: 60% HNK —1* (NK specific’), 
32% OKM1" (ref. 6), 38% mac—1* (ref. 7) and depleted 
everalfold in the following non-NK markers: 15% OKT3* (T 
ells)? and 3% Ia* (B cells + monocytes + activated T cells)’. In 
Jition, fraction 2 cells were >50% large granular lym- 
ytes (LGL), a morphological marker of human NK cells*, 
nd <0,1% granulocytes as judged by morphology in Giemsa- 
ined cytocentrifuge preparations or by immunofluorescent 
ining with a monoclonal antibody specific for human poly- 
nuclear leukocytes (PMN). Over 50% of fraction 2 cells 
lO ox erythrocytes coated with rabbit IgG anti-ox eryth- 
intibody (EA”) which is another NK characteristic, 
as <0.1% phagocytosed the erythrocytes to which they 
ched. In addition, <0.1% of the cells expressed the 
rker'” specific for human monocytes and <0.1% 
cytochemically for acid esterase. Therefore Percoll frac- 
cells were contaminated with few (< 0.1%) granulocytes 
yhagocytic macrophages and over half expressed NK markers 
tphology. The few T cells in the preparation were 
t important since Percoll fractions 5 and 6 consisted 
‘3° cells and did not generate significant chemilumi- 
en monocytes (purified 
































; plastic adherence) or 


- ‘was incubated for 2h at 4°C with 1/50 monoclonal anti-human leukocyte interferon?’ (clone NK2; provided by Dr D. S. Secher) followed by 1/10 goat anti-mouse. 
-imamunoglobulin. Precipitates were removed by centrifugation. Each experiment was repeated three times with similar results. NT, not tested. = 


granulocytes (isolated on Ficoll-Hypaque followed by 
hypotonic shock of the cell pellets) were incubated together. 
with Percoll fraction 2 cells at a cell dose approaching 1% | 
contamination (10° cells ml~'), the chemiluminescence response 
to K562 was not altered. In addition, 10°~10° monocytes or 
PMN alone gave an insignificant response (< 10x 10° ¢.p.m: 
above background) to K562 over the 10-min period of th 
chemiluminescence assay. Furthermore, 10M phorbol-12- 
myristate-13-acetate-4-O-methyl ether (PMA) caused PO” 
chemiluminescence in Percoll fraction 2 cells although Percoll. 
fraction 1 cells and purified monocytes or granulocytes gener- 
ated >4x10°c.p.m. within seconds after addition. It is- 
unlikely, therefore, that monocyte or PMN contamination can- 
account for the response of the NK-enriched populations, Fur- ` 
thermore, we’ as well as others? have shown that PMN- and. 
macrophage-mediated cytoxicity of certain tumour cells is. 
inhibited by catalase but not SOD, whereas NK-mediated 
cytotoxicity can be inhibited by SOD but not catalase as shown 
below. Finally, pretreatment of fraction 2 cells with monoclonal ` 
anti- HNK-1 antibody and complement, a procedure known to 
selectively remove NK cells’, reduced the chemiluminescence, 
cytochrome c reduction, conjugate formation and cytolytic 
response against K562 by 56-75% (Table 1, expt a). It is” 
likely, therefore, that most of the these responses are mediated 
We then asked if the generation of | 
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min at 37°C with 
i magnet to remove 
ononuclear cells were iso- 
ntrifugation on Ficoll- 
77 gem?) and were fur- 
pleted by adherence on 
ous serum-coated plastic dishes 
at 37 °C. The non-adherent lym- 
tes were layered on a five-step, 
ntinuous, Percoll density gradient 
entrifuged for 30 min at 20°C as 
scribed by Timonen and Saksela* and 
aborated in Fig. 2 legend. Fraction 2 
lls were enriched fivefold in cytolytic 
tivity against. K562; 60% of fraction 
‘cells were LGL as detected mor- 
hologicaily in Giemsa smears, whereas 40 

0.1% phagocytosed antibody-coated 
erythrocytes, a, 10° Percoll fraction 2 
lis were dark-adapted for 30 min in 
fof 10% luminol-saturated, fetal 
erum in plastic scintillation vials. o | t 
umour cells, medium alone, or 
our cells +100 ug superoxide dis- 
mutase (280 U} was added in 0.1 mi 
-= Volumes and mixed. Chemilumines- 
-o cence was measured at ambient tem- 
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perature (20°C) in an LKB liquid scintillation counter in the out of coincidence mode. Values represent c.p.m. above background, measured in sticcessive 5-§ < $ 
intervals. Luminol alone gave 35 x 10? c.p.. and fraction 2 cells + luminol gave a stable background of 50 10° cpm. throughout the 8 min of the assay. This = 
“experiment was repeated 10 times with similar results and in replicate samples within cach experiment the area under the curves varied <3%. b, 10° fraction 2.0" 
cells were combined with 10’ K562 cells (@), 10” P815-2 cells (©), 10” K562 cells +100 ng per mi SOD (280 U) (W), 107 P815-2 cells+ 100 pg per mi SOD- 
= (280 U) (A) in i mi of balanced salt solution (BSS) containing 0.2% bovine serum albumin in 10 uM KCN; 200 U catalase (Sigma; thymol-free) and 0.01 mM 
oo cytochrome c (Sigma, type HI). After varying periods of incubation at 20 °C the reaction was stopped at 0 °C. Supernatants were measured spectrophotometrically _ oa 
sicat Asso Maximum, reducible cytochrome c was determined with an excess of sodium dithionite. Absorbance readings were converted to pmol cytochrome eo 
<- reduced after subtracting:a small background response (<500 pmol) by tumour cells alone. Fraction 2 cells gave zero background over the 10-min period of assay. 
> This experiment was repeated five times with similar results and values for replicate samples at each point varied <10%, l a 






ggered in NK cells by a selective membrane binding event. 
shown in Table 1, expt b, the degree of chemiluminescence 
_ correlated well (F = 0.96) with the degree of target cell binding 
in a survey of five different cell lines. One of the lines was a 
clone from K562 cultures which had been induced to differen- 
tiate in the presence of haemin"’. Cell-free culture supernatants 
of K562 were inactive but plasma membrane vesicles also 
triggered chemiluminescence (Table 1c). Vesicles from a NK- 
insensitive target (P815) were not effective. The directionality 
of the response was indicated by the fact that mild glutaral- 
-dehyde fixation of NK cells abolished the chemiluminescence 
onse to untreated K562 cells although conjugate formation 
ot markedly altered. Glutaraldehyde-fixed targets, on the 
and, stimulated a normal response in unfixed NK cells. 
y therefore that target-effector binding stimulates the 
rather than target, to generate chemiluminescence. 
mphasize that target-cell binding may not be a sufficient 
ilus for release of oxygen species. Hence, stably low NK 


t ponders, selected from 600 screened normals, exhibited 























ding but failed to generate normal levels of chemilumines- 
nce, cytochrome c reduction or cytolysis (Table 1d ). Further- 
+; genetically NK-defective, Chediak-Higashi (CH) 
patients” also had normal frequencies of HNK-1* NK cells, 
10rmal target-cell binding and normal levels of chemilumines- 
cence but markedly deficient cytolysis. Therefore, the gener- 
¿ation of chemiluminescence may be necessary but not sufficient 
_for cytolysis. 
f e: generation of oxygen intermediates, particularly the 
eroxide anion, Oz”, may be necessary for cytolysis because 
(100 pg ml?, 280U) inhibited 90% of chemilumti- 
ice and cytochrome c reduction and consequently 
ced cytolysis by 75% in a short-term (<2 h) °'Cr-release 
able 1, expt e). Target-cell binding was not effected by 
id denatured SOD did not inhibit chemiluminescence, 
me c reduction or cytolysis. Catalase was also non- 
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inhibitory, as shown, although similar concentrations prevented _ 
monocytes from generating chemiluminescence and mediating — 
cytotoxicity against L5178Y in parallel experiments (data not 
shown). In contrast to the inhibitory effects of SOD, both human 
a- and 8-interferon were shown to augment chemilumi- — 
nescence in parallel with cytotoxicity (Table 1f). Target binding a 
was not effected. eat 
Other cell subpopulations have also been shown to generate. 
oxygen intermediates.. Thymocytes stimulated with : 
phytohaemagglutinin generated a peak chemiluminescence . 


a peak NK response of 170x 10° c.p.m. from only 10° Percoll 
fraction 2 cells in the present study (Fig. 1). Neutrophils (10 
and mononuclear cells (5 x 10’) generated up to 30 x 10° c.p.n 
and 10x 10° c.p.m. respectively, in response to opsonized bac 
teria'®. Neutrophils stimulated with PHA generated 800 pme 
cytochrome c reduced per min per 10° cells‘? compared wit 
200 pmol cytochrome c per min per 10° NK-enriched. c 
stimulated with K562 (Fig. 1). Therefore the NK cell res 
to K562 targets is similar to the response of other cell types | 
various stimuli. | | eee 
In comparison with our findings with NK cells, alloimmur 
killer T cells in mice were not inhibited in function b 
concentration of SOD tested (100-1,500 jg mI~')"*. Therefor 
killer T cells may function by a SOD-resistant mechanis! 
and monocyte-mediated cytolysis is catalase-sensitive. 
SOD-resistant'?. The SOD-sensitive triggering of cytolysis 
NK cells may be a unique phenomenon. “3 
In conclusion, these results suggest that human NK cells 
triggered to release oxygen intermediates including O27 
contact with NK-sensitive targets. Although these oxyg 
species appear to be involved in cytolysis, their function m 
be to activate a subsequent step in the cascade of events lea 
to target cell destruction. me 
We thank I. Louwman and A. Wade for assistance and 
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“Big. 2 Correlation between NK enrichment or depletion and chemi- 
luminescence. Peripheral blood lymphocytes were prepared as outlined in 
«Fig. 1 legend and layered on a five-step discontinuous Percoll (Pharmacia) 
“density gradient*. The top layer consisted of 40% Percoll (v/v) diluted in 
medium and adjusted to 285 mosmo! with a refractive index of 1.3432. 
Each 2-ml layer varied by 2.5% Percoll. The gradient was loaded with 108 
lymphocytes and centrifuged at 550 g for 30 min at 20°C. Cell yields were 
2. as follows (x 107%: fraction 1, 13.3; fraction 2, 7.5; fraction 3, 48.4; 
=s. fraction 4, 24.4; fraction 5, 8.3. Cytolysis was measured in a 4-h °*'Cr-release 
against K562. Values are expressed in lytic units per 10’ lymphocytes 
where one lytic unit is the number of lymphocytes required for 20% lysis. 
- Fo measure chemiluminescence, 10° lymphocytes in luminol were stimu- 

-Jated with 10’ K562 cells as described in Fig. 1 legend. Values represent 

the c.p.m. above background in the first peak. A similar curve was generated 

“using a calculation based on the area under the entire curve for cells from 

each Percoll fraction. Unfractionated lymphocytes yielded 240 lytic units 

per 10” cells and 3x 10*c.p.m. This experiment was repeated five times 
with similar results. 
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Note added in proof: Recent experiments reveal partially 
depressed NK-mediated cytolysis in strictly anaerobic condi- 
ons, which confirms an oxygen-dependent component in the 
ytolytic pathway. 
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Adenosine and its 5’-phosphorylated congeners evoke specific 
membrane-mediated responses in excitable tissues’. Av 
data suggest that inhibition of the ee cell € occurs 






response has not beea studied = standard intracellular volta re» 
clamping techniques. Recently, we have discovered purinergic 
receptors in the Xenopus oocyte, a well defined giant cell 
amenable to rigorous electrophysiological’ and biochemical? 
studies. We report here that in these cells, adenosine-induced. 
slow membrane responses consisted of an early depolarizing 
(D) transient current carried by CI” ions, followed by a steady 
hyperpolarizing (H) current involving K” ions. The relative 
potency sequence for the D current was ATP = ADP > AMP = oe 

adenosine; this order was reversed for the H current. 

Fully grown oocytes (stages 5 and 6)* were dissected from: 
an ovary of Xenopus laevis, mounted in a 1-ml Perspex bath: 
and continuously perfused at room temperature with Ringer's 
solution (mM): Na*, 116; K*, 2; Ca?*, 1.8; Cl’, 128.6; Mgt, 
1; Tris, 5. Ina standard experiment the oocyte was impaled 
with two microelectrodes and the cell was clamped at — 50 mV. 
The cell was then exposed to one of the active compounds and 
the induced membrane current recorded on a paper chart (YEW 
3022). 

Typical responses to 4x 107° M adenosine and 4x10°°M 
ATP are shown in Fig. 1. The basic response consists of an 
initial ‘fast’ inward current of 10-30 s duration (D), followed 
by a long-lasting outward current (H). The relative potency 
sequence for the H-response was: adenosine = AMP > ADP = 
ATP, whereas that for the D response was: ATP=ADP> 
AMP = adenosine. In some preparations, adenosine failed to 
evoke the D response and the H response was the only current. 
recorded. In these cells, the latency of the H response was 
25-40 s, well beyond the ‘dead time’ of the perfusion system 
(5-10 s). The latency of the D response was the same as the 
perfusion ‘dead time’. 

Voltage—current curves were obtained using a ramp com- 
mand voltage. The reversal potentials of the D and H responses, 
measured as described in Fig. 2 legend, were [mean (mV)+ 
s.e.m. (number of cells)] —21.86+2.34(7) for the D current. 
and — 102.7 +3.6(7) for the H current. A plot of the D reversal 
potential as a function of the log external Cl” concentrati 
showed a strict Nernst relationship (Fig. 3a), which suggests ; 
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Fig. 1 Membrane currents induced by adenosine (a) and ATP 

(b) in the same oocyte at a holding potential of -5OmV. ATP 
was, more potent in eliciti ng the D response, and adenosine v was oa 
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oe Fig. 2 a, Oocyte response to 10°* M ADP at a holding potential 
of +450 mV. b, Blocking of the H current by tetraethylammonium 
`= (3x107 M) in the same cell. Two ramp-like changes of the 
_ holding potential (duration 0.8 s) were applied, one just before 
< application of ADP and a second at the plateau of the D current. 

The voltage electrode was connected to the x axis of the x-y 
_. plotter, the current electrode to the y axis, and the voltage—current 
relationships were plotted automatically (c). The reversal potential 
-of the D current was obtained from the cross-over point. 














D current is carried by Ci” ions. The involverient of 
mediating the oocyte membrane depolarization has 
ady. been postulated’. A similar Nernst plot showed that 
> H- current is carried by K* ions (Fig. 36). Moreover, 
‘tetraethylammonium (3x 1077 M) almost completely abolished 
the H current (Fig. 26), with no effect on the D current. Based 
“on the measured reversal. potential and the Nernst equation, 
ie intracellular concentrations of K* and Cl” were calculated 
be (mM) 117.0 and 54.0, respectively. The value for K* 
slates well with intracellular [K*] measurements (102+ 
) for Rana pipiens oocytes’”. 
[he spontaneous membrane current fluctivations shown in 
ig. la were observed in ~20% of the cells. The reversal 
potential of the fluctuations was the same as the D current 
rsal potential. Thus Cl” may be involved in generating these 
ents. In most cases, ATP increased the amplitude of the 
ations (Fig. 1b). 
purinergic response was preserved after complete 
“of the follicular cells, which normally envelop the 
The follicular cells were removed by shaking for 2.5 h 
nase (2: mg ml’, dissolved in Steinberg solution (mM): 
a Fo F: Be Cat, 69.6 = CI"). The oocyte was then 
inves 


































_ were completely removed but the purinergic response was 
preserved; the H current, however, was rather reduced. 


g ing different relative potency sequences for the purinergic age 
_ ists. Further pharmacological characterization of the oocyt 


= shows selective and reversible blocking of the H current b 
~ §x10°M theophylline. This blocking action was tested in th 
“range 10™° M-10™* M theophylline, and was found to be ¢ os 
- dependent. The D current was augmented, probably due to 


104M theophylline. The reported heterogeneity a 


i DaN Control response; b, a response of the same oocyte after 21 
| TE incubation in 13: x 107 EEEN A 6 a Sih Moots of. ee 
$ for 1 h and tested for the ‘presence E teaftera in | 


D current reversal potential 5 
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Fig. 3. a, Relationship between the D current reversal potential ue 

and bath CI” concentration in the same oocyte, SO% was sub- 
stituted for CI” and tonicity was kept constant with sucrose. A oe 
strict Nernst relationship was obtained with a slope of 58 mV for 
a 10-fold change in CI” concentration. b, Reversal potential of | 
the H current plotted against. bath K* concentration in several 
oocytes. KCI was replaced by MgCh, with the Cl” concentration ~~ 
kept constant, and tonicity balanced by sucrose. In control experi- 
ments, increased Mg** had no effect on the H current reversal 

potential: again a strict Nernst relationship was obtained. 


of purinergic responses. The same cell was fixed, embedded i in i 
paraffin, sectioned and stained with haematoxylin-eosin. In. 
eight oocytes examined morphologically, the follicular. cells 


These results demonstrate a compound membrane respons 
to adenosine, generated by two distinct ionic mechanisms h 








purinergic response was achieved using theophylline. Figu re 


removal of the H current, and remained unaffected ev 
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Fig. 4 Selective blocking of the H current by theophylline g 













































‘The oocyte response to adenosine is qualitatively similar to 
muscarinic cholinergic responses described previously’”’®. 
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Presence of cyclic nucleotide-Ca** 
independent protein kinase 
_in bovine brain coated vesicles 


FA Pauloin, I. Bernier & P. Jollès 
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Coated vesicles, which are membrane vesicles enclosed by a 
= polyhedral protein lattice, are involved in many cellular 
ue events’, including intracellular membrane transport and pro- 
tein secretion, in which they must be able to undergo repeated 
membrane fusion and fission. The icosahedral lattice of protein 
_ surrounding the core of coated vesicles is composed pre- 
dominantly of clathrin, a 180,000 (180 K) molecular weight 

"protein, and other 30 K and 36 K polypeptides’”. In native 
conditions, the basic subunit of the coat consists of a trimer of 
clathrin with probably three polypeptides of 30K and/or 36K 
(refs 9-11). Additional minor proteins of 100K and 55K have 
been reported in purified coated vesicles’. We describe here 
_» the presence of cyclic nucleotide- and Ca** -independent protein 
© kinase activity in coated vesicles. This protein kinase phos- 
' phorylates specifically a unique 50K protein which can be 
< co-purified with clathrin and seems to be an integral protein 
of coated vesicles. 
Coated vesicles were isolated from fresh bovine brain accord- 
-ing to a slightly modified procedure of Keen et al.'* The highly 
“enriched upper 5% sucrose solution of the second gradient was 
used for the final purification using a self-generated density 
-gradient centrifugation of Percoll (Pharmacia). We verified the 
- homogeneity of this material by submitting samples from the 
: ‘upper and lower opalescent Percoll zones to agarose gel elec- 
~: trophoresis. The lower Percoll fraction corresponds to the more 
‘slowly migrating agarose zone which contains smooth vesicles 
-and membrane fragments while the upper Percoll fraction cor- 
responds to the faster migrating agarose zone which contains 
only coated vesicles and empty coats (see Fig. 1 and ref. 12). 
liquots of coated vesicles obtained after the different 
ification steps were incubated in presence of [y- “P]ATP. 
‘igure 2 shows an analysis by SDS-polyacrylamide gel elec- 
trophoresis of the radiolabelled and stained proteins. 
“Many proteins are phosphorylated in the grey matter 
homogenate but only one 50K phosphoprotein, which is poorly 
ained by Coomassie blue, can be co-purified with clathrin. 
pattern of radioactive proteins indicates that neither clath- 
nor the 30-36K polypeptides are phosphorylated. We 
erified the presence of both the 50K protein substrate and its 
specific kinase in coated vesicles after agarose gel elec- 
trophoresis'?. Following the electrophoresis, the different 
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(see Fig. 3 legend) were incubated with [y- "P]ATP. The 50K 























could be observed in our experimental conditio: 
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pharmacological basis of this dive ; CLECEFOPAYSIOIOBICAY 
response. More specifically, the H is probably mediated 
by the P1-receptor type’. 


supernatants from the centrifuged broken agarose. gel fractions © 


radiolabelled protein co-purified with clathrin (Fig. 3). Using 
radiolabelled ATP, a slight phosphorylatio 4¢ OK band 






















may have the same biochemical mechanism, possibly mediated | 
7 for opening ‘slow’ ionic channels in the — 


E t the various me 


by cyclic nucleotides’ 
oocyte membrane. , 
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the incubation of coated vesicles just purified by Percoll:cen- 
trifugation: this unexpected observation is now being investi- 
gated. Fig. 3 shows not only the association of the 50K protein 
substrate with coated vesicles but also that the kinase activity 
is a constitutive part of the vesicles. Phosphorylation of the . 
50K protein occurred without cyclic AMP or cyclic GMP in - 
the reaction mixture, and addition of 40 pM cyclic AMP or 
cyclic GMP did not modify the phosphorylation (Fig. 4, lanes. 
6, 7). 7 ae 
The presence of calmodulin in coated vesicles'* and the - 
dependence of the phosphorylation of many proteins on cal- 
modulin and Ca** have been described. We therefore investi- — 
gated whether Ca’ and calmodulin had any effect on the in 
vitro phosphorylation of the 50K protein. The addition of 1 mM 
EGTA or 10g exogenous calmodulin or calmodulin 
inhibitors, such as 1 mM dibucaine’” or 50 yM trifluoperazine’®, 
to the reaction mixture had no effect on the 50K polypeptide 
labelling (Fig. 4, lanes 1-4). Furthermore, the isolation of coated 
vesicles in Ca’*-depleted MES buffer (see Fig. 2 legend) did. 
not modify the purification of either clathrin or 50K protein, © 
or the phosphorylation of the latter (data not shown). Note that 
a high concentration of trifluoperazine (400 uM) blocks the 
phosphorylation of the 50K protein but allows that of the 100K 
coated vesicles protein (Fig. 4, lane 5). Dibucaine (10 mM). 
induced the same effect (data not shown). ee 
The 50K phosphoprotein and its kinase are not membrane 
contaminants or traces of smooth vesicles, as they cannot be — 
eliminated even by agarose gel electrophoresis, which is con- 
sidered to be the most powerful purification technique. 
Recently, Pfeffer and Kelly” reported further data on- 
minor components of coated vesicles. Using permeation 
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Fig. 1 Coomassie blue-stained 

0.15% agarose gel of lower (a) and 

upper (b) fractions from Percoll 
gradient centrifugation. 












Fig. 2. Comparison of the protein gel patterns after Coomassie 
blue staining (a) and autoradiography (6) of the coated vesicles 
"purification steps. The purification procedure was carried out at 
4°C. Bovine brains were cleansed of meninges and the white 
< matter removed by dissection. The grey matter was homogenized 
. in-1 vol of a 2-(N-morpholino)ethanesulphonic acid (MES)~Ca2* 
<; buffer: 0.1 M MES, pH 6.5, 0.1 mM EGTA, 2 mM MgCl, 1.1 mM 
=- CaCh, 0.2% NaNs, 50yngmt™' phenylmethisulphonyl fluoride 
(PMSF). The homogenate was centrifuged at 20,000g for 30 min 
o in'a Sorvall GSA rotor. The resulting pellet was subjected twice 
<o: tothe same procedure. All the supernatants were pooled and 
centrifuged at 100,000g for 1h in a Beckman 60 Ti rotor. The 
soluble fraction was removed and the pellet was resuspended in 
the MES-Ca’* buffer. Coated vesicles were purified by two suc- 
cessive sucrose gradients”. The highly enriched upper 5% sucrose 
solution of the second gradient was used for the final purification 
-using a self-generated density gradient centrifugation of Percoll 
-<o (Pharmacia). A 2-ml aliquot of the coated vesicle preparation in 
“a S% sucrose was mixed with 3.96 ml Percoll, 0.44 ml 2.5 M sucrose 
= and. 15.6 ml 0.25 M sucrose in the MES-Ca’* buffer. After cen- 
rifugation at 100,000g for 15 min, the upper opalescent zone 
: contained the highly purified coated vesicles. The reaction mixture 
(15 kl). for phosphorylation tests was made in ice and contained 
- 12mM Tris-HCl, pH 7.5, 32mM KCl, 2mM MgCl, 2.3 mM 
_ 2-mercaptoethanol, 0.2 A2go aliquots of coated vesicles obtained 
after various purification steps, 0.1mM ATP and 10 pCi [y- 
“*RIATP. It was incubated for 12 min at 30°C as previously 
`< described’. The reaction was stopped by addition of 30 yl SDS- 
gel electrophoresis sample buffer and the polypeptide composition 
was analysed by SDS-polyacrylamide gel (5-10% ) electrophoresis 
“according to Laemmli**. The electrophoresis was carried out at 
-20 mA for 6h at constant current until the Bromophenol blue as 
tracking dye was eluted. Autoradiography was done by exposing 
the stained gel to Royal X-Omat Kodak film. Lanes 1, 5, grey 
x matter homogenate; 2, 6, middle zone of first sucrose gradient: 
- 3,7, upper 5% zone of second sucrose gradient; 4, 8, upper 
opalescent zone of self-generated density gradient of Percoll. The 
=: following proteins were run in parallel as molecular weight 
markers: phosphorylase b (94K), bovine serum albumin (67K), 

. ovalbumin (43K) and carbonic anhydrase (30K). 











Fig.3 Analysis of the agarose 
gel fraction by SDS-polyacry- 
lamide gel electrophoresis 
and autoradiography. Percoll- 
purified coated vesicles were 
electrophoresed in a 0.15% 
agarose gel as described in ref. 
12. At the end of the migration 
-the gel was cut into 1-cm slices 
and each fraction was 
homogenized in 5 ml MES- 
Ca** buffer. Broken agarose 
was removed by centrifugation 
-15,000g for 5 min. Super- 
jatants were concentrated by 
polyethylene glycol, labelled 
with [y-**PJATP as described 
$ in Fig. 2 legend and analysed 



















ona 10% SDS-polyacrylamide gel. The protein patterns are after a, Coomassie blue staining and 6 












.. coated vesicles; lanes 2-7, agarose gel fractions. The direction of the agarose gel electrophoresis 






Fig. 4 Effect of cyclic nucleotides and Ca** inhibitors on the 
coated vesicle protein ° *Pp-labelling. The following substances were 
added to the phosphorylation reaction mixture: lane 1, 1mM 
EGTA; lane 2, 10 ug calmodulin; 3, 1 mM dibucaine; 4, 50 4M E 
trifluoperazine; 5, 400 uM trifluoperazine; 6, 40 uM cyclic AMP; 
7, 404M cyclic GMP. Following the incubation, the phos- <: 
phoproteins were analysed on a 10% SDS-polyacrylamide gel and - E 
visualized by autoradiography. ; 


chromatography, they also identified a thin 50K protein band 
in their highly purified preparations. Hg 
Dissociation and reassembly of coat structures seem to be- 
reversible, and both energy’*'*'° and phosphorylation indepen- 
dent. In comparison, membrane transport, secretion and inter- 


nalization generally require more complex control. Thus, before. 


internalization, the coated pits act as a molecular filter, selecting 
some proteins and excluding others. Although the molecular 
mechanisms remain uncertain, proteins selected to enter the- 
cell are supposed to interact directly or indirectly with clathrin”, _ 
Such a selection might depend on,a phosphorylation step. If 
the 50K protein is involved in regulation, one or a few molecules 
per coated vesicle would be sufficient. This would explain its- 
presence in trace amounts in coated vesicles preparations. _ 

This work was supported by INSERM (Unité U-116) and 
CNRS (ER 102). We thank Dr G. Petrissand and Dr Feure => 
for providing the bovine brains, Professor C. Chany for the use . 
of his laboratory and Dr M. F. Dubois for supplying the- 
[y-**PJATP. 
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B -Adrenergic stimulation of the heart is thought to increase 
cardiac muscle contractility by activation of cyclic AMP- 
dependent protein kinase and concomitant increase in the 
_ phosphorylation of certain proteins (for refs see refs 1-6). 
-Electrophysiological studies have shown that the stimulation 
of cardiac B-adrenoreceptors’, the external application of cyclic 
AMP or its analogues to Purkinje fibres’, or the injection of 
~_eyclic AMP into single myocytes” can increase the slow inward 
< -current (/,,) during the plateau phase of the action potential 
~ (AP). In heart muscle this current is mainly carried by Ca’** 
(refs 10, 11) and it has been suggested that cyclic AMP- 
“dependent phosphorylation of some component of the calcium 
channel increases the amount of Ca’* which enters the cell 
during depolarization". We have investigated this hypothesis 
by examining the electrical responses of isolated guinea pig 
“ventricular myocytes to pressure injections of subunits of the 
cyclic AMP-dependent protein kinase. We report here that 
injection of the catalytic subunit (C) resulted in a lengthening 
of the action potential duration (APD) and an increase in the 
height of the plateau as well as the amplitude of Iu. By contrast, 
the injection of regulatory subunit (R) shortened the APD of 
fast and slow response APs, an effect which was reversed by 
adrenaline. l 
‘Isolated ventricular cells'* stimulated at 0.33 Hz through the 
injection electrode had a resting potential of approximately 
~80 mV and stable action potentials of 150-300 ms duration. 
jection of C prolonged the APD measured at 80% repolariz- 
ion (APDgo) from 130 to 315 ms and increased AP amplitude 
bout 20 mV without affecting the resting potential (Fig. 
A). These changes occurred during the 60s injection period 
and were still present 20 min after the cessation of injection 
pressure (Fig. 18). Visual inspection of the cells revealed that 
“the injection of C also produced a dramatic increase in the 
force of contraction. After the injection of C the addition of 
adrenaline (0.5 pM) to the bathing solution had no effect on 
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the AP or force of contraction, The injection ‘of buffer A (see 

















related increases in intracellular volume and pressure have. 
minimal effects on the AP’. Thus, it is highly likely that the- 
molecular basis of the changes observed after C injection is 

quite similar or identical to that found after stimulation of the 
B-adrenoreceptor by adrenaline’ or after the intracellular appli- 
cation of cyclic AMP*”. Similar changes of the AP have been 
observed after C injection into bag cell neurones obtained from- 
the abdominal ganglion of Aplysia’. f 

The experiments suggested that C altered the AP con- 
figuration by increasing the Ca**-dependent Iu. Therefore, Fsi 
was determined in cells in which the membrane potential was 
clamped by current being supplied through a second microelec E 
trode. In five experiments, changes in J, in response 
depolarizing clamp pulses were recorded before and after 1e 
pressure injection of C through the voltage-sensing electrode. 
Figure 2A shows that the injection of C increased the inward 
current from 2.2 to 6.0 nA. This increase in current was not 
reversed when the pressure was terminated but was completely 
abolished by the addition of the Ca®* channel blocker, D-600 
(Fig. 2B). The time constant for inactivation of I; was 17 ms 
before the injection of C, and 15 ms after C injection. The 
similarity of these time constants suggests that C does not alter 
the time during which the voltage-dependent Ca** channel is 
open. The recording of Fig. 2A suggests that injected catalytic. 
subunit slightly increased the outward current. Cn a 

The present experiments indicate that elevation of the 
intracellular concentration of free C increases J,, during the. 
plateau phase of the AP. As free C is an active phos- 
photransferase, its injection probably results in enhanced phos- 
phorylation of cytosolic and membrane proteins. Therefore, 
phosphorylation of certain membrane proteins may be inti- 
mately involved in the hormonal regulation of Ls. However, 
the results do not eliminate the possibility that in physiological 
conditions in the absence of hormones either the phosphoryla- 
tion of certain membrane proteins is not important for the 
opening of the Ca?” channel, or these proteins are phosphory- 
lated by a protein kinase other than C. The latter point arises 
because the injected subunit might phosphorylate proteins 
usually not accessible to C. one 

To establish whether C is involved in physiological conditions, 
we examined the effects of the regulatorys subunit, R. The 
rationale for this experiment was that, as far as is known, the 
only function of R is to bind C and thereby inhibit its phos- 
photransferase activity’. The pressure injection of R into iso- 
lated ventricular cells decreased the APD, from 240 to 130 ms 
and the AP amplitude by about 15 mV (Fig. 3A). Both 
decreases were slowly reversed after the termination of injec- 
tion, suggesting the occurrence of some compensatory regula- 
tion, presumably cyclic AMP production. However, a com- 
pensation of the inhibitory effects of R on the AP was no longer 
observed after multiple injections of R. On the other hand, the 
AP depression produced by R was reversed by the addition of 
adrenaline (0.1 pM) to the bathing solution. Finally, the injec- 
tion of heat-inactivated R had no significant effect on the 
configuration of the AP. It is therefore quite likely that the 
R-induced depression in the AP was brought about by inhibition 
of the phosphotransferase activity of free C. To substantiate 
an effect of R on Ia the resting membrane potential of some 
cells was decreased to —50 mV by increasing the extracellular 
K* concentration, [K*]o, to 22 mM (Fig. 3B). The fast sodium 
channel is inactivated in this condition and the upstroke of the 
AP is mainly carried by J,; (slow response AP). In this condition, 
R injection had the same effect as discussed above. 

The data strongly support the hypothesis that injection of 
catalytic or regulatory subunit of cyclic AMP-dependent protein 
kinase affects the phosphorylation of one or several proteins 
and thereby alters Ca? influx. Changes in the AP and J,; caused 
by the injection of free C are indistinguishable from those 
produced in ventricular myocytes by extracellular adrenaline’? 
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-apparent differences between these preparations were observed, 





or intracellular cyclic AMP’, suggesting that all three agents 
-affect the AP by the same basic mechanism. This is not surpris- 
ing because each agent increases the intracellular concentration 
of the active species of cyclic AMP-dependent protein kinase. 
_A previously proposed mechanism for the enhancement of I; 
s that adrenaline and cyclic AMP increase the number of Ca2* 
hannels which are opened by depolarization’’. Some evidence 
as been obtained (see Fig. 3) that in the absence of hormone, 
involved in the regulation of Ia, although a complete 
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g2 A, injection of C increases I. Two microelectrodes, one containing 
(16 mg ml ') and a second containing 2 M KCI (20-30 MQ resistance), 
were impaled in a single cell for voltage clamp. Depolarizing clamp pulses 
from -50. mV (holding potential) to ~-10 mV were applied continuously at 
eof 0.33 Hz throughout the experiment. Superimposed potential (top) 

current (bottom) traces before (a) and after (b) the injection of C 
ar; 30 s) are shown. Arrows indicate peak Z; which was increased from 
6.0 nA. The peak amplitude of I; was measured as the difference 
een peak inward current and the current amplitude 100 ms after the 
pulse. B, the calcium channel blocker D-600 (10 uM) abolishes the effect 
of injected C on Iu. The same procedure as in A was applied to a different 


cell. The injection of C (9.6 mg ml™') into the cell resulted’ in a large I, 


(a). which was blocked within 60 s by the addition of D-600 to the bathing 
eo) solution tb). For further details. see Fig. 1 legend.: 























jection of C. A different cell from that used in A is shown. Cells were isolated from the ventricle of adult guinea pig hearts as described previously’? a 
ere incubated in Tyrode solution containing 150 mM NaCl, 5.4 mM KCl, 1.8 mM CaCl, 1 mM MgCi,, 10 mM glucose and 5 mM HEPES, pH 7.4, injec 
experiments were carried out at 37°C in a Perspex chamber perfused with the same Tyrode solution. Celis were visualized on a TV screen after 1,000-fol 
apnification. Glass microelectrodes containing 2 mM HEPES pH 7.2, and 150 mM KCI (buffer A) and having a resistance of 100-150 MQ were used for pa 
the cells at 0.33 Hz, recording the membrane potential and pressure injection of proteins or buffer. The volume injected was of the order of 1 pl and tha’ 
è cells 30 pl (the injected volume was estimated by measuring the size of the drop released by pressure into oil (x250 magnification)). APD was taken-ast 
etween the beginning of the stimulating current pulse and 80% repolarization, and AP amplitude was measured 30 ms after the stimulating current pul: 
omoOgencous preparations of catalytic subunit (C) and cyclic AMP-free regulatory subunits (R) of cyclic AMP-dependent protein kinase H were prepared from 
“bovine heart muscle as described earlier'’*. Proteins used for injection were chromatographed on a Biogel-P6 column (2.5 x9 cm) equilibrated in buff 

factions containing protein were pooled and concentrated by vacuum dialysis against buffer A at 4°C. Dialysis was continued after the concentration step. 
at least 18 h with several changes of buffer. Thereafter, denatured protein was removed by centrifugation and the clear supernatant containing active subunits 
‘a concentration of 5-10 mg mi~? was stored in aliquots at 4°C. For control experiments aliquots of the dialysis buffer were always used. The purity of all” 


proteins used was better than 95%. During this investigation, we used five and three different preparations of C and R (free of cyclic AMP), respectively, No E 































































suppression of the plateau phase of the AP by injection of free 
R has not been observed. This-might suggest that cyclic AMP- _ 
dependent phosphorylation of membrane proteins is not an 
absolute requirement for the ability of Ca’* channels to open. 
on depolarization. However, the data do not rule out the — 
possibility that in the absence of hormone, cyclic AMP-depen- 
dent phosphorylation of some membrane protein(s) occurs and 
that this covalent modification is a necessary condition for. 
depolarization-activated Ca** channels. The data are also com- 
patible with the existence of two types of Ca°* channel or with 
two states of one Ca** channel. One type or state would allow _ 
voltage-dependent Ca?* influx in the absence of protein phos- 
phorylation, while the other would allow this only after phos- 5 













Fig.3 Injection of the regulatory subunit (R) shortens the action potent 
A, injection of cyclic AMP-free R (0.1 mg mi~’) at 3 bar for 30 s shorten 
the AP,, within 30 s from 240 to 130 ms. The arrow indicates the directi 
of change. B, in a different cell slow response APs were recorded af 
increasing extracellular KCI to 22 mM. Injection of R (0.1 mgmt 4 -at 
5 bar for 15s shortened the AP from 150 to 50'ms. The contro: AP 
successive APs during the injection are shown. The arrow indicates 
direction of change. The upstrokes of APs are blurred by the stimulatio: 


artefact. For further details see Fig. 1 legend. = 































































































ch depolarization. Taking into account an average total cell 
volume of 30 pl and a cytosolic space of ~50% of the total cell 
olume, this indicates that the intracellular Ca?” concentration 
was elevated by 1.3 uM during depolarization. This crude esti- 
mation could indicate that more than just the trigger calcium 
enters isolated cells through maximally phosphorylated Ca** 
channels. 

_. The nature and localization of the proteins phosphorylated 
by injected C have not been determined. Studies in intact hearts 
`- stimulated by adrenaline indicate a rapid phosphorylation of a 
sarcolemmal protein of molecular weight 27,000 (ref. 15). 
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Since the initial discovery that the DNase I sensitivity of the 
globin genes in different cell types correlates with globin gene 
expression’, this relationship has been shown to hold true for 
a variety of genes, including the genes for ovalbumin’, conal- 
bumin’, a- and 8 -globin in chicken**, several heat-shock pro- 
teins in Drosophila®’, the r-chromatin of Tetrahymena” and 
‘the viral polyoma minichromosome’. Although genes tran- 
scribed by RNA polymerases I and II have been studied exten- 
-< sively, the genes transcribed by RNA polymerase III have not. 
‘We have therefore investigated the DNase I sensitivity of trans- 
< fer RNA (tRNA) and oogenetic SS RNA genes in the liver 
and erythocyte nuclei of Xenopus laevis. The oogenetic 5S 
-genes are not transcribed in any known somatic cell'", and 
tRNA genes are transcribed in the hepatocyte but are inactive 
-in the erythrocyte. We show here that, although in these two 
‘cell types the correspondence between DNase I sensitivity and 
“gene transcription holds good for globin and the ribosomal 
genes, the tRNA and oogenetic 5S genes are DNase I sensitive 
in both liver and erythrocyte nuclei. Thus for the genes tran- 
scribed by polymerase II the correspondence of sensitivity and 
expression breaks down. 
_ There are two types of 5S ribosomal gene in X. laevis: oocyte 
specific (5S.o.) and somatic (5S,om)'"""'» The 5S,oc genes are a 
amily of about 20,000 genes per haploid genome’’, inter- 
yersed with an equal number of 5S pseudogenes, representing 
esidues 1-101 of the normal 120 bp gene’’. Transcripts of the 
dogene in vivo have never been detected, but their occur- 
nce remains a possibility’*. The 5S... genes are transcribed 
lusively during oogenesis, whilst in other cells it is the 5Ssom 
(of which there are fewer, about 400)'° which are 











cted by the straightforward hybridization experiments 
_described here. A rough calculation of gene number from Fig. 
“la (11,000-21,000 copies of the gene per pseudogene repeat 
per haploid genome, depending on the amount of vector 
sequences involved in the hybridization) confirms that, in effect, 
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ata of Fig. 2 that Z; measured after C-inj amounts 
jally to 1.3 107'* mol of Ca” Il durin 








\MP-depen 
in vitro phosphorylation of this peptide is associated with an` 
increased Ca?” uptake by sarcolemmal vesicles'*. Thus, there 
is a growing body of evidence supporting the concept that cyclic: 
AMP-dependent protein kinase and phosphorylation of distinct. 
membrane proteins are intimately involved in the regulation. 
of I; of myocardial cells. j 
This work was supported by grants from Deutsche For-. 
schungsgemeinschaft to W.T. (SFB 38, Membranforschung,. 
Projekt G1) and to F.H. (Ho 579/5 and 579/6-1) and by Fonds 
der Chemischen Industrie. ey 
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we measure only 5S,,. genes in these hybridizations, Figure la 
and Table 1 show that the 5S,,. genes are sensitive to DNase 
I in both liver and erythrocyte nuclei. No 55 genes are tran- 
scribed in erythrocytes, which have lost all RNA polymerase 
IJI molecules during maturation’®, nor are the 5S... genes 
believed to be transcribed in hepatocytes'”. In the latter cells, 
the 5S... genes should provide all the 5S RNA. These genes 
are hidden by the 50 times more numerous 5S,,, genes. 
Equally surprising is the finding (Fig. 15) that certain of the 
tRNA genes, which are transcribed in the hepatocyte but not, 
in the erythrocyte, are equally sensitive in both types of nucleus. 
The probe used contains two tRNA“ genes and one each of 
the tRNAs accepting phenylalanine, tryosine, asparagine, 
alanine, leucine and lysine'*. The complete 3.18 kilobase (kb) 
unit is repeated about 100 times per haploid genome’. The 
probe probably reveals all of these tRNA species present in 
the genome, but some of them may be pseudogenes and never 
expressed. Even if this were the case, it would not alter the 
conclusion that these tRNA genes are hypersensitive to DNase 
I, even when they are not expressed. i 
Thus in blood and liver cells, many, and perhaps all, genes 
transcribed by polymerase III seem to be DNase I sensitive, 
regardless of their transcriptional activity. Maternal 5S... genes 
have not been active since oogenesis, a period of at least 2 yr. 
In the case of the paternal 5S.,,. genes, it is not known whether 
they were even active during gametogenesis, but this seems 
unlikely as the accumulation of vast numbers of ribosomes, 
transcribed in part from the 5S... genes, which is a feature of 
oogenesis, does not occur during spermatogenesis. Thus this 
half of the 5S... gene complement may have been inactive for 
as much as 4 yr (two life cycles). "ee 





Table1 Degree of hybridization of various probes to DNase I-digested 
erythrocyte and liver nuclei as a percentage of binding to undigested 








DNA 
% Probe binding 
Ribosomal aou 
DNA S Soo tRNA DNA  Giobin 
Total, undigested 100 100 100 100 » 
Erthrocyte nuclei; 
5% DNase I digestion 34.9 51.0 100 42.5 
Liver; 


5% DNase I digestion 39.5 47.8 54.5 100 

The data are calculated from the experiments shown in Figs 1 anc 
2. The saturation values were calculated by fitting straight lines tc 
double reciprocal plots using linear regression by least squares. 


: aa measurement of the concentrations of 
ier: genes in the same DNA samples yielded the 
d results. For example, ribosomal genes are not tran- 
erythrocytes'°, nor is RNA polymerase I present in 
ei, but the opposite is true of liver. As expected the 
al DNA from liver was more sensitive to DNase I 
n than bulk DNA, but equally resistant in erythrocytes 
a). Globin genes are active in the immature erythrocyte 
enopus, but not in the adult cell. The latter, however, 
tains RNA polymerase II molecules tightly bound to the 
- chromatin’ and in avian erthrocytes the frozen polymerases 
vare to be found on the globin genes”. In this sense the globin 
“genes could be regarded as ‘active genes’, which correlates with 
observation that in avian erthrocytes, globin sequences are 
sreferentially digested by DNase I'*°. The same is the case in 
iman erythrocytes (Fig. 25), but not hepatocytes, which do 
ynthesize globin. Our results confirm those of others'”’, 
how that the crude approach of DNase I solubilization i is 
_capable of detecting different DNase I sensitivity in genes active 
in one cell type and inactive in another. 
' e results of Figs 1 and 2 show a single time point of 
_ digestion and leave open the posibility that the inactive tRNA 
or 5S genes show different kinetics of digestion from active 
genes. Figure 3 shows that this is not the case; in fact, 5S... 
‘genes demonstrate even greater sensitivity to DNase I than do 
the active ribosomal genes of liver. 
It has been argued’”' that any gene that has been transcribed 
ata given stage of the life cycle of an organism remains DNase 
-T sensitive, even if the gene becomes inactive later. This argu- 
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Fig. 1 DNase I sensitivity of 5S (a) and tRNA (b) genes in 
ythrocyte and liver nuclei. Erythrocyte nuclei were prepared 
cording to the method of ref, 26 and the liver nuclei by the 

method of Scribler and Weber”. Nuclei from the two tissues were 
o“ digested with pancreatic DNase I (20 ug mi~!) for 5 min, which 
is sufficient to release 5-10% of the DNA from the nuclei. The 

iuclei were pelleted by centrifugation for a few seconds in an 

Eppendorf microfuge and their DNA extracted according to the 

method of Weintraub and Groudine’, The alkali-denatured DNA 
as loaded onto nitrocellulose filters’ and hybridized with nick- 
anslated recombinant DNA”? containing the relevant gene 

sequences. This procedure will not detect a hypersensitive site’? 
nthe way that a blot-transfer hybridization of electrophoresed 

DNA would, but it gives a more quantitative assay of the DNase 

“sensitivity of the genes as a whole*. The 5Scoc probe used was 

Xlo31 which contains a single repeat of the 5S gene plus a 
SEL 1 It was labelled with “H-dCTP to a specific activity 
5x 10° c.p.m. ug’. The tRNA probe used was At210, which 
ns two copies of tRNA} and one copy each of tRNA”, i 
Meo IRNAN", tRNA^®, tRNA“* and tRNA™ (refs 18, 
‘was labelled with 3H-dCTP to a specific activity of 3.9 x 
O cpm. pg i . Undigested liver DNA gave a result identical to 
iat for erythrocyte, so the data are not shown. O, Undigested 
' rai DNA; A, digested erythrocyte DNA; 9, 
liver DNA, | 


c.p.m. bound per yg DNA 


0.2 
HE probe = 
Fig. 2 DNase I sensitivity of ribosomal RNA (a) and globin (b) 
genes in erythrocyte and liver nuclei, The DNA samples and. 
procedures were as for Fig. 1. The ribosomal probe used. was- 
pXlri01, constructed by Dr R. Reeder; it contains a complete. 
repeat of the 40S precursor plus. non-transcribed spacer. It was” 
nick-translated with “H-dCTP to 2.2 x 10° c. p.m. ug `. The globin 
probe was labelled with °’P-dGTP to 1.1x 107 c.p.m. Bg a . It was 
a gift from Dr R. W. Old, and contains an~300 bp sequence 
complementary to a globin mRNA. O, Undigested erythrocyt 
DNA (liver gave identical results); A, DNase I-digested eryth: 
rocyte DNA; @, DNase I-digested liver DNA. ots 


ment could be used to explain the sensitivity of the tRNA genes 

in the erythrocyte nuclei. It is harder, however, to sustain this 
argument in the case of the 5S... genes, which show a similar _ 
DNase I sensitivity. It would mean that any gene active in- 
oocytes (and this would probably amount to ~15% of the 
DNA”) would always be in the sensitive state, even when it. 
passed through the male for one or more generations (as 50% 
of the 5S... genes have done). The insensitivity of ribosomal 
genes in the erythrocyte nuclei is also inconsistent with this 
idea, since these genes must have been active in erythroblasts. _ 
It seems more likely that the genes transcribed by RNA poly- 
merase III have a different structure from other genes, at least 

in their inactive state, with the result that they are always DNase 
I sensitive. The difference might simply relate to their very 

small size and tandem repetition. Several RNA polymerase _ 


cpm. hybridized 


Time (min) 


Fig. 3 Time course of DNase I digestion. Erythrocyte and live 
nuclei were digested with 20ngml~' DNase I for increasing 
periods of time, the reaction was stopped by the addition of SDS: 
and EDTA to a final concentration of 0.5% SDS, 12.5 mM EDT 
and the DNA extracted as previously described. One pg DNA 
from each time point was loaded onto duplicate nitrocellulo 
filters, which were hybridized in a final volume of 200 ul wit 
either 250 ng **P-pXIr101 or 200 ng °*P-pXlo8 for 24h befo 
washing and counting. pXir101 and pXlo8 were „labelled wit 
*“p-dCTP to a specific activity of 5.610’ and 34 
10’ c.p.m. pe respectively: pXlo8 contains three copies ‘of the 
gene~pseudogene 5$ repeat”. Further details are given in Fig. 
legend. Erythrocyte ribosomal genes; O, liver ribosomal l gen 
: A, scant dag 5S. genes; o, liver 5S genes. 












































sites: are pricks sen iate, ae of | the activity of the genes® : 
“For genes in which small units are tandemly repeated this might 
be a serious problem. We have therefore examined the 5S... 
repeat unit by digesting the DNA samples of Fig. 3 with the 
restriction enzyme HindIII, running the digested DNAs on 
agarose gels, transferring them to nitrocellulose and probing 
‘with pXlo31. HindIII cuts once within the 58S... 
gene/pseudogene repeat, yielding a 700 bp fragment. If a 
_ hypersensitive site were present it would act like another restric- 
tion site, giving a defined fragment or fragments smaller than 
700 bp. The 700 bp repeat disappeared with the expected 
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__ Is avian adeno-associated virus 
- an endogenous virus of chicken cells? 
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: The adeno-associated viruses (AAV) are defective parvoviruses 
which produce infective progeny only in cells co-infected with 
-a ‘helper’ adenovirus (Ad) . Both human and simian AAV 
Nave been recovered from human and simian primary cell 
cultures following their inoculation with ‘AAV-free’ Ad. 
“Whereas some studies have suggested that AAV exists in a 
“latent state in these cells’, others have indicated that the AAV 
-genome is capable of establishing a and maintaining a latent state 
in defined laboratory conditions’ which mimic the situation 
proposed for the ‘latent? AAV recovered from human and 
‘Simian tissues. Here, avian adeno-associated virus (AAAYV) 
‘was consistently recovered from limiting dilutions of purified 
‘and unpurified avian Ad stocks propagated in embryonating 
chicken eggs derived from two independently raised flocks of 
White Leghorn (WL) chickens but not when these Ad stocks 
vere propagated in duck cells. These observations suggest that 
AAV is a latent endogenous virus of at least some flocks of 
VL, chickens. 
Infectious AAV has been vertically transmitted in utero in 
th naturally occurring and experimentally induced infections 
hens*” and in experimentally infected mice’. An advantage 
‘using chickens for virological studies is the availability of 
pecific -pathogen-free (SPF) embryonating eggs derived from 
L chickens which had not been exposed to avian Ad or to 
AAV. By using SPF embryos, the possibility of an in utero 
‘infection with either infectious Ad or AAAV was eliminated. 
Antibodies to avian Ad or AAAV were not detected either in 
he SPF chickens during serological surveys conducted by the 
‘producer or in the yolks of SPF embryos we tested using the 
Vitus neutralization test and the enzyme-linked immunosorbent 
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explained by t the presence > of specific hypersensitive sites, 


Another possible explanation of the 5S.,.. sensitivity is that the - 
location of these genes at the telomeres of several chromo- 

somes” confers special nuclease sensitivity on them. This possi- 

bility could be tested by studying a species, such as Rana. 
temporaria, in which the 5S genes are not telomeric’’. In any 
case, the tRNA repeat studied here does not have a telomeric 
location. (See G. Fostel, M. L. Pardue and S. G. Clarkson, 
quoted in ref. 18.) Whatever the reason for the phenomenon, — 
it appears that ready DNase I solubilization cannot be used as — 
an indication of activity in genes transcribed by polymerase HI. _ 
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assay*’''. (We had previously demonstrated that yolk antibody 
levels to avian Ad and AAAV were similiar or identical to- 
those present in hens experimentally infected with these 
viruses'’.) 

Two avian Ad strains, CELO virus (serotype 1) and Irish™ 
strain 506 (serotype 4), were treated with antiserum to AAAV 
and inoculated in chicken embryo kidney (CEK) cells prepared 
from SPF embryos. Various dilutions of the cell lysate were 
inoculated into sets of 10-day-old embryonating eggs. The 
allantoamniotic fluids were collected and tested for AAAV. as- 
described in Table 1. legend. AAAV was detected in all inocu- _ 
lated eggs by the second passage, even though these Ad stocks 
were pretreated with AAAV antiserum of high titre. Because — 
our antiserum may not have neutralized all of the AAAV, the | 
CELO virus stock was purified as indicated (Table 1, experi- _ 
ment 2). Three successive isopycnic centrifugations were perfor- 
med’*:* to separate possible contaminating AAAV (buoyant 
density 1.38 and 1.42gcm”’) from CELO virus (buoyant... 
density 1.34 g cm™°). AAAV was not detected when this purifed — 
stock was examined by electron microscopy. Two thousand 
CELO virus particles were counted without detecting a single © 
AAAV particle. However, AAAV was detected in all embryos. © 
infected with purified CELO virus (Table 1, experiment 2). In- 
some cases, the allantoamniotic fluids of eggs inoculated with | 
higher dilutions of CELO virus (for example, eggs inoculated 
with a 10~° dilution of CELO virus) had Ad antigens but not. 
AAAV antigens until the second passage. These results sug- 
gested that several cycles of viral replication are needed to 
produce enough AAAV to be detected by the agar gel precipita- ~ 
tion test. Similar results were obtained when the above experi- 
ment was repeated using embryonating eggs from a second 
flock of WL hens housed in isolation at the University of Rhod: 
Island Experimental Farm. e 

Our findings were of great concern because the usual mean 5 
of assaying AAAV involved inoculating embryonating eggs 
with CELO virus and various dilutions of AAAV. In previous — 
studies the incubation period was limited to 96h when the - 
CELO virus inoculum was 10° plaque-forming units (PFU) per 
ml. AAAV was only detected when added to this system; eggs. 
inoculated with CELO virus alone did not produce detectable. 
AAAV antigens. In the present study, AAAV was invariably - 























produces in embryonating eggs when either the incubation time — 





" Detedión of AAAV Detection of avian 
(no. positive /total Ad (no. of positive/ 
eggs tested) total eggs tested) 


First Second First Second 
passage passage passage passage 


5 Ne 
~ dilution 







rain 5 107° 2/3 3/3 3/3 3/3 
s 4) 107 i? 2/2 2/2 2/2 
1078 0/3 3/3 2/3 3/3 
107° 1/4 2/4 2/4 2/4 
190°'° 0/4 0/4 0/4 0/4 


ʻO virus 107° 3/4 4/4 4/4 4/4 
| (serotype 1) 1077 2/3 3/3 2/3 3/3 
: 107° 1/3 3/3 1/3 3/3 
10°? 0/3 1/3 0/3 1/3 
10.” 0/4 0/4 0/4 0/4 


107° 4/6 6/6 6/6 6/6 
1077 2/4 4/4 4/4 4/4 
10 1/3 3/3 3/3 3/3 
107° 0/4 4/4 4/4 4/4 
10°72? 0/3 3/3 2/3 3/3 
107"! 0/4 2/4 1/4 2/4 
j9” 0/4 0/4 0/4 0/4 





In experiment 1, Ad stocks were mixed with an equal volume of 

3 al: 10 dilution of hyperimmune rabbit antiserum to avian AAV for 
<30 min before inoculating monolayers of CEK cells made from SPF 
embryos. (Rabbit hyperimmune serum to AAAYV, prepared as 
described elsewhere, had a neutralizing titre of 1:2,560 when 
250 IDs) AAAV was used as the challenge virus.) After an adsorption 
-period of 1h, the supernatant fluid was decanted and the cell sheet 
<: was rinsed three times with sterile phosphate-buffered saline (PBS). 
-At 72h post-infection, the tissue culture fluid was clarified, diluted in 
terile PBS and inoculated into the chorioallantoic sac of 10-day-old 
PF embryonating eggs. At 120-144h post-infection the allantoam- 
© niotic fluids were collected, concentrated with polyethylene glycol and 
tested for AAAV and Ad antigens i using the agar gel precipitation test 
performed as previously described”. Second passages were performed 
by inoculating SPF 10-day-old embryonating eggs with 0,1 ml allan- 
 toamniotic fluids from the first passage and testing for viral antigens 
- by the agar gel precipitation test at 96 h post-infection. In experiment 
2, the CELO viral stock was purified by performing three successive 
" isopycnic density gradient centrifugations; in each case viral suspensions 
were centrifuged at 45,000 r.p.m. (210,000g) for 22 h. Discrete CELO 
-viral bands of buoyant density 1.34 gcm~? were collected after each 
i centrifugation and tested for avian Ad and AAAV as described above. 
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: a extended to 120-168h or when collected material was 
passaged i in a second set of eggs. 
j. provide further evidence that AAAYV was not present as 
iscrete virions in the purified CELO virus stock, 10° 50% 
fectious doses (IDs9) CELO virus were grown in duck embryo 
kidney (DEK) cells and then passaged twice in embryonating 
duck eggs before being tested for AAAV. If AAAV were 
= present as discrete virions in limiting dilutions of the purified 
- CELO virus stock, a dose of 10° CELO virus would also contain 
at least 10° IDs AAAV. AAAV was not detected in duck eggs 
culated with purified CELO virus stock before being propa- 
gated in DEK cells (Table 2). Therefore, duck cells can support 
growth of both viruses, but AAAV was only detected when 
ded to the inoculum. 
We tentatively conclude that AAAV did not have its source 
t the CELO virus stock but rather may be present in these 
hicken cells as an endogenous virus. 

If AAAV is latent in chicken embryos, it is likely that all Ad 
pagated in chicken cells would eventually become contami- 
d with AAAV. It was previously reported that AAAV was 
ed in 6 of the 11 Ad strains which had been propagated 
iK cells'*. (The origin of these viral stocks has been 
bed in this report.) The Ad strains had been purified by 
op mic density gradient centrifugation and fractions with a 
} nt density of 1.34 gcm™ were examined by electron 
C i Recently, this- eair nimen! was IEP NEE, and: frac- 














































be Percipayon test. 














Presence of. 


Virus (no. positive, 


Inoculum propagation system no. tested). 
Ad* Duck eggs 0/6 
Ad+AAAV* Duck eggs SJS 
AV Chicken eggs S{[S e 8s 
Ad+AAAV Chicken eggs “ae 








Viruses were propagated in DEK cells for two passages and inocu 
lated into either duck or chicken 10-11-day old embryonating eg; 
The AAF from these inoculated eggs were collected at 120 h. post 
infection and tested for AAAYV using the agar gel precipitation test? 

* Ad = 10" ,1Ds0 units of purified CELO virus were used as inoculant 
AAAV = 10° IDo units of purified avian adeno-associated virus were 
used as inoculant. ee 




















tions with densities of 1.38 and 1.42 gcm™ were examined 
AAAV was found in four of the five Ad strains (CELO, 506,- 
685 and AP-1) previously reported negative. The other Ad 
strain was not available. : 
We have previously reported that individual plaques (clones i 
of CELO virus propagated in SPF CEK cells produced AAAV 
when inoculated into embryonating eggs (Table 3)’°. As the 
CELO virus stock was diluted to contain 100 PFU ml and. 
then treated with a 1:10 dilution of rabbit anti-AAAV anti- 
serum, our results provide additional evidence that AAAV g 
may be endogenous to chicken cells. aa 
The concept of vertically transmitted latent AAAV is further — 
supported, though indirectly, by field studies, Avian Ad infec- 
tions in the field are commonly accompanied by AAAV’*. In | 
fact, antibodies to AAAV so commonly precede detectable - 
antibody to Ad during field infections that we have suggested _ 
rapid screening for precipitating antibodies to AAAV asa: 
reliable means of detecting avian Ad infections’? i 
A second possible explanation of our findings is that the | 
information for AAAV is contained in the Ad virion either as. 
separate DNA strands or as a hybrid with Ad DNA. There are _ 
no available data to support this hypothesis but it is an interest- 
ing possibility especially when one considers that the CELO. 
virus genome is several million daltons larger than Ads of man 
or ducks” me 
Several studies have shown that AAV can enhance or 
inhibit Ad replication in vitro and modify Ad pathogenicity in- 
vivo'**3, Our present study raises questions as to the role of | 
















































Table 3 The detection of endogenous AAAV in the embryonating- 
eggs of a specific-pathogen flock of hens following the mocuanen of 
eggs with single clones of CELO virus. 





Detection of avian - 
Detection of AAA V* adenoviral antigèn* 
(no. positive/total tested) (no. positive/total tested: 


Clone no. First Second First Second - 

(plaque no.) passage passage? passage passage » 
1 1/4 4/4 4/4 4/4. 
2 2/4 4/4 4/4 4/4. 
3 0/3 3/3 2/3 3/3 
4 1/3 3/3 3/3 3/ A 





Individual plaques were picked from a monolayer of CEK- ‘cel 
prepared from SPF chicken embryos infected with 100 PFU CEL 
virus. The inoculum was reacted with rabbit antiserum to AAAV. f 
30 min before infecting the cells. After an absorption period of. 
37 °C, the cell sheet was washed with PBS before adding nutritive aga 

* Individual plaques were crushed and dissolved in 2 ml PBS; th 
0.2 ml of this virus suspension was inoculated into 10-day-old embr 
onating eggs from SPF chickens. The allantoamniotic fluid was collecte 
at 120h post-infection and tested for avian adenoviral antigen ı ush 
the agar gel precipitation test. ‘ 

+ 0.1 ml concentrated amnioallantoic fluid from the first passage 
inoculated into 10-day-old embryonating eggs; the fluid was co 
at 96h postinfection and tested for viral antigens using he a 





















































































di in the germ i iñe of chekan cells, This is ihe fae rene 
‘indicating that a DNA virus can be transmitted in this fashion. 
Further studies should provide interesting data as to whether 
“AAAV is endogenous in WL and other strains of chickens. It 
-would also be valuable to determine if the AAV of other animals 
_are carried as endogenous viruses. 
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. Several recent discoveries’ have pointed to nucleic acid secon- 
dary structure as an additional dimension in gene expression’. 
_ Further evidence for the formation of hairpins in RNA is the 
fact that cruciforms exist in negatively supercoiled DNAs“. 
As potential binding sites for proteins, these structures have 
been proposed to play a part in the regulation of various crucial 
reactions, such as replication®”’, transcription®, or RNA process- 
ing’. As any random nucleotide sequence can self-anneal with 

a approximately 50% chance of forming some Watson—Crick- 
type base pairs’’, it is difficult to assess which, if any, of all 
possible hairpin-like secondary structures may be biologically 
evant. We have computed the expected distribution of per- 
ctly base-paired structures as a function of loop size and stem 
length and compared it with the distribution observed in the 
nplete genome of eight DNA viruses from animals, plants 
and bacteria. We report here that hairpins having six or more 
consecutive base pairs in the stem are not distributed randomly 
along the genome, occur much more often than chance would 
predict, and are particularly over-represented in regions that 
appear to have regulatory significance. The average loop size 
was found to decrease with an increase in stem length. These. 
_results support our. Previous hypothesis that these Structures 
“are biologically relevant". 
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z 13) ar (ref. 14) an of the eukaryotic viruses simiar 
virus 40 (V40) and polyoma’® were searched by compute 
for invert repeat DNA sequences, which can form hairpin {or - 
cruciform)*-like secondary structures. The search was restricted © 
to those hairpins with perfectly base-paired stems (no G-T 
pairing, no interruptions) and loop sizes of at least 3 but no 
more than 20 nucleotides. Occurring naturally in a circula 
form, these genomes were aligned for comparison according to ` 
functional similarities among their genetic maps. The start. 
codon of the first gene following the structural gene block was — 
used as a cleavage point for the icosahedral viruses (SV40, : 
polyoma, ®X174 and G4) and the linearized genomes were | 
plotted on a per cent scale (Fig. 1). In this alignment the leftward 
40-45% of each genome contains all the non-structural genes 
while the remainder carries all the structural genes and. intercis- 
tronic regions’. The genome of filamentous phage fd was linear- 5 
ized beginning with the start codon of gene II, the product of © 
which (an endonuclease)'’ is functionally homologous to the 
G4 and ©X174 gene A products'". In this arrangement the _ 
largest intercistronic region containing the origin of replica- A 
tion’’ occupies the right end of the genome and aligns with the - 
largest intercistronic regions of SV40 and polyoma, which also 
contain the replication origins’*"'°. : 

The positions of potential hairpins plotted on these genetic: 
maps, revealed a remarkable similarity in their distribution. As 
shown in Fig. 1, the major hairpins are not randomly distributed, 
but consistently more concentrated in the right half of each 
genome, that is, the portion encoding the intercistronic regions — 
and structural genes. Despite considerable variation in the total- 
number of major hairpins between these genomes, there are 
always more in the right half than in the left (Table 1). In the 
case of $V40 and fd, the discrepancy between the left and right 
halves is even more pronounced when only hairpins with ai 
base pairs in the stem are considered (Table 1). 

Although intercistronic regions occupy only 4% (®X174) to. 
13.7% (SV40) of the total genome, they contain 20-40% of- 
all major hairpins and, when corrected for differences in length, 
between 2 and 8 times as much secondary structure as translated 
regions (Table 1). Furthermore, the largest (or at least one of. 
the largest) hairpins can always be found in an intercistronic _ 
region (Fig. 1). It appears that most of the hairpins occur in- 
the two largest intercistronic regions of each genome, and the 
structural gene block between them. 

The genomes of hepatitis B virus (HBV)” and cauliflower - 
mosaic virus (CaMV)”’ have been cloned and sequenced and 
only two genes and their products have been described for each 
agent. For HBV, one of the surface antigens (S antigen) has... 
been identified as the major envelope protein(s)*’, and its gene i 
has been localized in open reading frame 7 (ref. 20; Fig. 2). 
The core antigen (gene 8) was found to be a DNA- binding 
protein”. The identified gene products of CaMV are capsid 
protein (gene 4)?" and the inclusion body protein (gene 6)". : 
Both circular genomes were linearized such that the major 
capsid (or envelope) protein gene (gene S and gene 4, respe 
tively) would align with the major capsid protein genes of the 
other icosahedral viruses (VPI and F). For CaMV it was also - 
possible to place the start codon of gene 6 (a non-structural > ` 
protein)’ to the extreme left and an intercistronic region at _ 
the right end. In the case of HBV, the stop codon of gene 8 © 
was localized at the extreme left, thereby aligning this gene. 
with the DNA-binding protein genes of the other viruses. In _ 
this arrangement, the gap on the L-strand is in pa co a 
the same position as the gap in the CaMV a-strand (Fig. 2). 
As shown in Fig. 2, the similarities in gene arrangements among 
all virus genomes analysed are congruent with similarities in — 
the distribution of DNA secondary structure. Both the hepatitis — 
and CaMV DNAs have the potential for these structures con- 
centrated in the right half of the genome, although for CaMV | 
this is only true for hairpins with seven or more base pairs in 
the stem (Table. 1). Furthermore, the largest (CaMV) or one 


of the two beanies sone (HVB) a are localized at the right end, ; 
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1 ‘Distribution of hairpins in the genomes of SV40, polyoma, X174, G4 and fd. The genomes were linearized. as described in he oe 
xt and plotted on a per cent scale. The length in base pairs and name of each genome are indicated. The positions of perfect hairpins a 
defined i in the text) with =6.base pairs in the stems are indicated by dots. Genes have been labelled according to the original literature and | 
| the arrows indicate the direction of transcription. Intercistronic regions (IR) have been labelled sequentially according to size. 


-< which is also characteristic of most of the other genomes. The possibility of a non-uniform distribution of the four 
-Des ae these similarities, the caer er size and number nucleotides and consequently an artefactual concentration of. 
ia hairpins in one region of the genome makes a statistical eval 
ation of our findings necessary. The detailed mathematical 
ble | approach and the computer program will be published sise 
‘or ' comparison, the sequence of the Escherichia coli plasmid where. Briefly, a program was written to compute E,, 
22 (ref. 26) was analysed and then linearized such that expected number of perfect hairpin structures with stem lengt 
ercistronic region containing the largest hairpins was n and loop sizes of 3-20 nucleotides, as a function of th o 
othe right side (Fig. 2). In this arrangement the observa- length and composition of the sequence; F, is the num 
1s made for the viral genomes hold true also for this DNA actually observed in a specific genome of that length andc 
e 1), supporting the generality of our findings. sition. The ratio of observed to expected numbers, Qn 


Table 1 Relative distribution of hairpins in the genomes analysed 


No. of hairpins Ratio of number of % Of all hairpins Ratio of number o! 
Genome in genome with hairpins in RH/LH” in intercistronic hairpins in 
length stem length for regions for IR/TRt | 
(bp) n =6 bp n>=7bp n26bp n=7bp n26bp n2=Tbp n26bp 


5337 42 14 13.0 24 36 

Polyoma 5,295 26 10 ; S 35 30 
"X174 5,386 20 5 20 20 
G4 5,577 13 5 31 40 
-fd 30 11 40 46 
Hepatitis 19 
C 77 0 13 0 
27 59 67 


References for the DNA sequences are given in: the t text, . The sv40 sequence” * was updated according to ref, 28. 








n then Deal aa chance alone: 
Using this approach we analysed the known intercistronic 
nd translated regions separately. The results indicate an 
intrinsic difference between them (Fig. 3). While short hairpins 
are found in both regions with the expected frequency (QO, ~=1), 
larger hairpins are definitely over-represented in intercistronic 
egions with an excess ranging from approximately 4-foid (n = 
6 bp) to 2,000-fold (n = 12 bp). For translated regions the curve 
is shifted by about 2 bp, and hairpins with 8 or 9 base pairs in 
the stem are over-represented. Note also that the uneven distri- 
tion of hairpins between structural (late) and non-structural 
ly) genes in icosahedral viruses (Table 1) is matched by a 
ence between these regions with regard to Q, values (Fig. 
Of particular interest here are the non-structural genes of 
X174 and G4, Hairpins with 5 or more base pairs in the stem 
are under-represented in these regions with a Q, for n =6 as 
low: as 0.38 (X174) or 0.16 (G4) (data not shown). The 
situation is reversed, however, in the filamentous phage fd, 
which has an over-representation of hairpins in the non-struc- 
- tural genes, but an expected frequency in the structural genes” 

< {data not shown). 

~~ As thermodynamic considerations favour the formation of 
< secondary structures having small loops”, we determined the 
average loop size for the hairpins of all eight genomes with 
-stem length n =4 bp. For n <5, the loop sizes average ~11.5 
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ig 2. Distribution of hairpins in the genomes of hepatitis B, CaMV and the plasmid pBR322. The position of hairpins was plotted. against. 7 
enome length as described in Fig. 1 legend. The top panel represents a summary of Fig. 1 with respect to type and position of hairpins; o 
genetic map of polyoma virus has been included for comparison. The open reading frames of hepatitis B are indicated by boxes and 
.as in ref. 20. The heavier line at the base of each box has been drawn from the. first start. codon. to the fine stop codon within tha 
reading frame and therefore indicates the direction of their: transcription. and. the potential: ran nent ide ; 








length. n S6bpi . preference for smaller Ra sizes was ss discera 
ible. Compared to the average loop size of 11.18 for hairpins: 
with n = 4, the 12 hairpins with n >8 averaged 7.9 bases i in the” 
loop, and the 2 with n > 10 both have a loop size of 3. 
We have demonstrated that the potential to form perfectl 
base- paired hairpin structures with six or more base pairs in 
the stem is non-randomly distributed and generally larger than 
expected in viral DNA genomes. This, together with the prefer- 
ence for small loop sizes, implies an evolutionary selection and 
therefore a function. Their predominance in intercistronic 
regions strongly supports the speculations” H that they h | 
evolved as regulatory loci expressing their functions via D 
(or RNA) secondary, rather than primary, structure. F 
more, it may be argued that secondary structure may als 
needed in translated regions and can evolve whenever com 
ible with the coding requirements. The difference between. 
structural and non-structural genes in this regard cannot be 
easily explained, but is probably not an intrinsic feature of the 
genes themselves, as the fd genome shows, but rather a function. 
of their location in the genome, for example, their proximaty 
to the origin of replication. x 
Though we do not claim that a given loop size or the absence 
of G-T (or G-U) pairing is fundamental to the biological 
significance of a hairpin, we are certain that the type of secon=- 
dary structure on which we have focused here either has some 
biological role or is at least part of a more complex structure 
which may be universal to all genomes, as is the genene c code 
itself. = 
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Fig. 3. The distribution of hairpins i in intercistronic and translated 
gions. The intercistronic regions (IRs) and the genes or gene 
blocks (TRs) between them of the SV40, polyoma, X174, G4, 
PBR322 genomes were analysed individually and the Q, 
determined as described in the text. After weighting these 

s according to the length of each region, they were arranged 
plotted on a log scale versus the stem length, n. The translated 

egions of SV40, polyoma, ®X174 and G4 were separated into 
arly (non-structural) and late (structural) genes and the weighted 

= Q, values. were averaged. 
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Evolution of early mechanisms of 
translation of genetic 
information into polypeptides 
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In devising models of the origin of life it is necessary to. y tackle 
the problems that the processes of genetic information transfer 
that are central to life depend on molecules that are themselves _ 
the products of such processes—enzymes. A proposed model 
must eventually yield a detailed chain of processes that can be : 
checked experimentally. We have developed a model in which. 
interactions between the helices of hairpin-loop ‘adaptor’ RNA. k 
molecules (amino acid carrying), lined up side-by-side byo 


sequence complementarity to another ‘messenger’ RNA, pro- S 


motes polypeptide synthesis. 

Our model involves a picket-fence like linear array of hairpin | 
molecules B,, B3, . . . , Bi, . . . (Fig. 1), each of which consists of _ 
an RNA strand of some 40 monomers. The three nucleotides 
in the middle of such a strand form the loop of the hairpin, _ 
while its ends, twisted into a base-paired double helix, form _ 
the hairpin legs. The nucleotides in the hairpin loop hydrogen — 
bond to complementary nucleotides contained in an extended ce 
RNA filament C, which is attached to another hairpin that 
forms the endpost of the picket-fence and is rotated 180° 
relative to the units B;. The open ends of hairpin B; possess. 
affinity towards activated amino acids, and facilitate the forma- 
tion of polypeptide bonds between amino acids attached to: 
them. The hairpin RNAs are envisaged as the precursors. of 
tRNAs, the nucleotides in the hairpin loop serving as anticodons 
to the codons along filament C, the precursor of mRNA, The 
endpost hairpin A would evolve into the messenger end usec 
in the recognition of the start of the genetic message. 

In many details, including the hairpin conformation of ada 
ter molecules, this model is similar to one described sevel 
years ago’. Hairpin conformation of ancestral adapters is sup. 
ported by tRNA sequence analysis’*. We also suggest tha 
another double-helical RNA-~strand facilitates polypeptide: 
thesis, moving along the ribbon-like aggregate of hairp 
functioning as an early ribosome’. In the present model DN. , 
became involved much later'**, ; 

The assumptions underlying our approach are: (1) the pr S 
ence of activated nucleotides and amino acids; (2) the existe 
of periodic temperature changes, as caused by sunlight and 
shadow-casting objects; and (3) a structurally diversified 
environment, such as pores of different sizes in rocks. Cor 
tions (1) and (2) favour the creation, and later drive the. replic 
tion and evolution of short nucleotide strands, with (+) str ds 
acting as templates for (—) strands and vice versa; (3) provide 
confinement as well as all- -important evolutionary pres 
because of the existence of a large variety of ‘niches’ available 
for ‘colonization’ by emerging life forms of i increasing sop] 
cation. For example, pores above a certain size canr 


: colonized-by strands that are too short, because they 
too quickly from. the favorable: Sites. AaS 3-5 oh, 














limit to. the length ne a replicable strand of some 40 nucleotides, 
because of: copying errors. 

. This impasse is broken by convolution of the strands into a 
_ conformation allowing aggregate formation. This permits the 
- invasion of larger pores and, of the utmost importance, it 
eliminates erroneous copies because aggregate formation is 
. crucially governed by RNA conformation and thus nucleotide 
-~ sequence. The simplest conformation that permits such inter- 
. locking is that of the twisted hairpin B; described earlier. A 
: huge selective premium is associated with machinery that facili- 
tates such aggregation, and the units described earlier provide 
_. such machinery (Fig. 2). C acts as collector strand, guiding the 
= hairpins B,, Bz, ...to the growth region of the aggregate, while 
_A (to which C has become fused accidentally) acts as nucleation 
site that facilitates the onset of aggregation. 

_ Our molecular model exhibits an astonishingly good fit 
between neighbouring hairpins, and between codons and anti- 
codons, permitting stacking of bases. The model is based on 
left-handed GC RNA helices analogous to the Rich—Arnott- 
Dickerson Z conformation of DNA,°%, which has recently been 
-shown to be possible for RNA as well (J. H. Van DeSande and 
T. M. Jovin, personal communication). All these steric fits 
require that the 3’S’ direction of strands connected by codon- 
‘anticodon interactions be opposite. In a model in which the 
hairpins have the conformation of a right-handed A helix the 
fits are not as good, but probably still adequate. The aggregates 
_. Might be stabilized by polyvalent cations (Mg**, Ca’*) that form 
links between negatively charged phosphatidyl groups on the 
outside of neighbouring hairpin strands. C would remain uncon- 
voluted because convolution into a hairpin requires specific 
nucleotide sequences. 

The presence of pores too large to curb strand diffusion favors 
the evolution of polypeptide-producing devices because poly- 
peptides would block pore channels and at a later stage would 
coalesce into confining ‘cellular’ envelopes. The aggregates 
described develop catalytic properties toward polypeptide for- 
mation as follows. 

-... Complementary (+) and (—) base- paired hairpins are iden- 
tical (Fig. 2) except for the nucleotides in the mid-position and 










‘Fig. 1 Hairpin strands R the beginnings of an aggregate. Legs 
-of hairpins are twisted into double helices and outlines are as PITSER 
for van a Waals contacts. ! 
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Fig. 2 Schematic view of strand C attached to hairpin A and hairpins 
Bı, B2, B3 in the act of forming a picket-fence like aggregate, 


at the open ends. Ancestral tRNA contained largely, and per- 
haps exclusively, G and C’, with C in the first and G in the 
third anti-codon position, and we assume the same for our (+) 
and (—) hairpins, leaving the midposition for purposes of an 
ancestral code, while the open ends possess or develop affinity 
towards activated amino acids. This view is also supported by 
a DNA sequence analysis” that suggests an ancestral reading 
frame PuNPy (Pu purine, Py pyrimidine, N either). If the 
midpositions and ends of (+) strands are occupied by C residues 
and those of (— ) strands by G residues, and amino acids a; and 
a> activated by linkage with C and G respectively existed pre- 
biotically™* the two types of hairpins would serve as adapters. 

Eventually a sequence along C arises encoding a polypeptide 
acting as a primitive RNA replicase that decreases replication 
errors sufficiently so the information coding for it is not lost. 
(An increase of the survival rate by 10% by a replicase of 10. 
amino acids would only require a reduction of the error rate 
by a factor 3 for it to be fixed by selection. Such a ‘replicase’ 
might be a short polypeptide that fits into a notch of the double 
helix that exists during strand replication, slipping along in the 
notch as the new strand is lengthened (see ref. 10 for a discussion 
of the plausibility of this assumption). ; 

The rate of evolution can be increased enormously once a 
‘replicase’ has been produced. More diversified ‘enzymes’ 
evolve, the base pairs A and U become part of the code, the 
first and third anticodon positions gradually become used for 
coding purposes, and the number of amino acids being 
integrated into polypeptides increases during each of these 
steps'’. Details of the proposed molecular model do not affect 
the potency of our methodology and we encourage others. to 
think of improved scenarios. | 

We thank Drs Dietmar Möbius, Mary Price and Nickolas. 
Waser for valuable discussions. 
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< most varied and interesting lives of the 
twentieth century. For a life so filled with 
_ thought and action, and which reflects so 
accurately the major political and 
intellectual preoccupations of the time, 
-parallels are hard to find. André Malraux 
_ and George Orwell are perhaps the closest, 
-~ yet even they didn’t venture into science, 
>: the realm of the century’s most distinctive 
i achievements. 
The range of Koestler’s interests is as 
_ formidable as his skill in pursuing them. 
_ Most of us find it difficult enough to write 
well in one language: Koestler, whose 
-native tongue is Hungarian, wrote his 
famous novel Darkness at Noon in 
German, and his later work in English. Asa 
novelist, political activist and historian of 
science, he has fitted at least three careers, 
< each performed with unusual distinction, 
into one. lifetime. There could be few 
g * greater challenges to a biographer. 
Tain Hamilton, the poet and former 
editor. of The Spectator, has made a 
_ creditable attempt to capture the protean 
nature of his subject. He dexterously 
follows Koestler through the changing 
` milieus of his life, from student president 
of a Zionist duelling fraternity at the 
‘University of Vienna, to correspondent 
and science adviser for the Ullstein chain of 
newspapers, to his establishment in the 
English-speaking literary world. Yet the 
_ biography has several serious faults which 
“Spring, I think, from a severe lack of 
empathy that has somehow developed 
_ between the writer and his subject. 
Mr Hamilton is too good a reporter to be 
anyone’ s Boswell. He has read everything 
and. interviewed everyone relevant to his 
subject. He has unearthed many details of 
Koestler’s private life, some of which 
Koestler might prefer not to have seen in 
print, Yet despite the close-up view, the 
ature of the subject remains blurred. 
‘Hamilton had access to Koestler’s papers 
and diaries, yet does not quote from his 
interviews with Koestler himself. His desire 
to be totally independent seems to have led 
places beyond detachment, to the point 
alry with his subject. Too many of his 
views obtrude into the portrait, while 
€. same time he frankly refuses to 
-Koestler’s interests from 1970 
, which have been focused on 
asensory perception. It may well be, as 
ton implies, that Koestler’s writings 
his intractable field are worthless: all the 
ason for a biographer t to uy to 

































“a 
| RTHUR Koestler must have led one of ihe 


_ to a point ak whitewash. 





Koestler glimpsed 


Nicholas Wade 





Koestler: A Biography, By lain Hamilton. 
Pp.398. UK ISBN 0-436-19101-6; US ISBN 
0-02-547660-2. (Secker & Warburg, 
London/Macmillan, New York:1982.) 
£10, $19.95. 





explain what led him into it. 

Admirers of Koestler will be 
disappointed at the way Hamilton all but 
ignores the substance of his oeuvre. Since 
Koestler has written four volumes of 
autobiography covering his early life, 
perhaps there is little point in going over the 
same ground. But Hamilton does not have 
much to say about the subject matter even 
of Darkness at Noon, which along with 
Animal Farm surely ranks as one of the 
most important and influential political 
novels of the century. The French edition 
of Darkness at Noon sold by the thousands 
of copies just before the first post-War 
election in France, which the Communist 
Party was expected to win, and the book’s 
impact has been held responsible for the 
party’s narrow defeat. But Hamilton does 
not evaluate this claim, or discuss the 
book’s influence on the many Western 
intellectuals who even in the late 1940s 
could not believe the Soviet experiment had 
so grossly betrayed its ideals. 

Koestler’s writings on the nature of 
scientific discovery are also given rather 
short shrift. The Sleepwalkers, a brilliantly 
fresh and stimulating account of the early 
history of astronomy, receives eleven pages 
of discussion in this 364-page book; The 
Act of Creation, an inquiry into the modes 
of scientific creativity, is dismissed in eight, 
and the treatment is thin. Yet these are two 
of Koestler’s major post-War works. 

A minor book produced during this 
period was The Case of the Midwife Toad, 
a passionate defence of the Austrian 
biologist Paul Kammerer who, like 
Koestler, was interested in psychic 
phenomena. Kammerer committed suicide 
in 1926 after the discovery by the American 
biologist G. K. Noble that nuptial pads on 
Kammerer’s specimens of midwife toads, 
interpreted as evidence for Lamarckian 
inheritance, had been faked. Koestler 
argued that Kammerer was innocent, and 
that the pads, which really existed at one 
time, were perhaps touched up by an 
overzealous lab assistant. But a brilliant 
review by Lester Aronson (Behavior 
Genetics 5, 115-125; 1975), a former 
assistant to Noble, persuades me that 
Koestler, in this instance, carried defence 


1981). 











The Case of the Midwife Toad, liken mös 
of Koestler’s other works, receives little 
substantive attention in Hamilton’s | 
biography, presumably on the assumption 
that they speak for themselves. The trouble 
with this approach is that the matters which 
Hamilton discusses at length, such as. 
Koestler’s relationships with his wives, or 
his problems in getting an American visa, ~~ 
are of little interest except in as far as they 
throw light on Koestler’s public 
achievements. Hamilton does not use them 
to this end. Indeed the reader is 
occasionally led to wonder whether. the 
purpose of some of the more trivial 
episodes isn’t to belittle Koestler. 

This cannot be the main purpose because, 
as Hamilton explains in the preface, he for 
many years ‘‘had admired Koestler’s work 
(the greater part of it, at any rate)’’. Yet the 
reasons for that admiration are not clearly > 
explained. There are few sustained themes. 
or insights to unify the mass of 
chronological material presented here. - 
Hamilton also remarks in the preface that: 




















































My reading of Koestler’s works has convinced 
me that he is au fond a deeply religious man. He. 
has never admitted this, confessing only to” 
several experiences of the quasi-mystical 
Freudian ‘oceanic’ feeling . 
This is an interesting observation, yet one 
that is not further explored in the text. 
Koestler’s life can perhaps be seen asa 
search for faith. As a young man he 
embraced Zionism but quickly grew 
disenchanted. The next faith was 
Communism, but that was the god that 
failed. Pursuit of the divine spark led 
Koestler into the study of Kepler and g 
scientific creativity. More recently came _ 
the interest in the paranormal. Like- 
Sisyphus with his stone, Koestler has 
laboured mightily to ascend the peak, and 
when the effort fails, he has picked up the 
pieces and started again. It is this relentle: $ 
search that has created work after work of 
intellectual inquiry, each exploring a new 
area with Koestler’s own combination of. 
intensity and clarity. Hamilton’s bio- 
graphy portrays the private man behin 
these public explorations. It is well written 
and thoroughly researched, yet despite. 
these substantial merits the portrait doe 
not fully capture the essence of its subject. 






























Nicholas Wade is a Member of the Editorial 
Board of the New York Times, and author 
The Nobel Duel (Anchor Press/Doubleda 




























































































pk 24467-6. (Cambridge University 
-Press/Sky Publishing: 1982.) £15, $29.95. 
‘Sky Catalogue 2000.0. Volume 1, Stars to 
-Magnitude 8.0. Edited by Alan Hirshfeld 
and Roger W. Sinnott. Pp.604. Hbk ISBN 
0-521-24710-1; pbk ISBN 0-521-28913-0. 
‘Cambridge University Press/Sky 
Publishing: 1982.) Hbk £32.50, $45; pbk 
£14.95, $29. 95. 


ATLASES and catalogues of the sky have 
one important characteristic for the 
publisher, and that is they get out of date 
quickly. The poles of the sky move, thus 
-slowly changing the stellar co-ordinates. 
- This is indicated by the epoch figure 2000.0 
in the titles of the two books under review. 
~The star positions given in the atlas and 
| catalogue are only correct for that date. 
-+The last epoch was 1950.0 and these two 
books are the first comprehensive works 
for the new co-ordinate epoch. The pole 
does not move very quickly, the precession 
-about the vertical to the Earth’s orbital 
-plane taking about 25,750 years, but still 
astonomers like being up to date and like to 
have the latest atlas and catalogue to hand. 
The second thing to say about Tirion’s 
atlas is that it is a joy to the eye. The sky is 
divided into 26 areas each represented bya 
chart measuring 1214 by 17% inches. Stars 
are represented by black dots which 
decrease in size as the stars get fainter. 
Galaxies are red, nebulae green, clusters 
yellow and the Milky Way is represented by 
two shades of blue, following Pannekoek’s 
_ isophotes. Secant conic and secant 
< -cylindrical projections are used which 
‘reproduce the constellation figures with 
- minimum distortion. The labelling is clear. 
Simply to see this book is to want it. 
-. The charts contain some 43,000 stars 
down to visual magnitude 8 and about 
-2,500 deep-sky. objects. Brighter stars are 
labelled with both their name and their 
_ Bayer letter and Flamsteed number. Deep 
sky objects have their NGC or IC number 
as well as their Messier number. The 
Andromeda galaxy is, for example, shown 
s$ 224.M31. 
Volume 1 of the Sky Catalogue 2000.0 
tarts with an extremely useful ten-page 
roduction which is followed by 600 
ages of tables. Each line in the table refers 
oone star, and 45,269 are tabulated. The 
rightest, Canopus, is 40 million times 
ore luminous than the faintest, HD 
3336. Thirty-seven thousand of them are 
ible with the naked eye from Earth. 
‘olliowing normal practice the stars are 
sted in order of increasing right ascension. 
denry Draper and Smithsonian Astro- 
hysical Observatory numbers are given, as 
are the name (where applicable), right 
ascension, declination, proper motion, 











visual magnitude, colour index, absolute — 
‘visual | ma spectral type, MK type, 3 








radial velocity and distance. An example of 
the care taken by the authors is indicated by 
the way in which the distances are labelled 
according to whether they originate from 
trigonometric or spectroscopic parallax 
techniques or are just maximum or 
minimum values. Ninety-one per cent of 
the stars in the catalogue have their 
distances given. 





full the multiple and variable stars as wellas 






of the Skyt Catalogue which will describe in 


the clusters, nebulae and galaxies. This is. 
due to appear early next year. 

Both the Sky Atlas and the Sky 
Catalogue are beautifully produced, good 
value for money and in my opinion 
essential acquisitions for all active astro- 
nomical observers. | 
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David W. Hughes is a Lecturer in Astronomy 
and Physics at the University of Sheffield. 


The great chain of non-being 


A. Rupert Hall 


Plurality of Worlds: The Origins of the 
Extraterrestrial Life Debate from 
Democritus to Kant. By Steven J. Dick. 
Pp.246. ISBN 0-521-24308-4. (Cambridge 
University Press: 1982.) £19, $34.50. 


Wuy should fairies be intrinsically any 
more absurd than Astrans? Partly, it is 
obvious, because the bottom of the garden 
is easier to inspect than even the planets of 
our own Solar System, and partly because 
the non-human qualities of pixy or fairy 
make this kind of being fantastic while we 
may imagine Astrans to be just as human- 
like as we wish. Indeed, the very principle 
of universal similitude which encourages us 
to contemplate the existence of Astrans — 
or in earlier days Lunatics and Martians — 
requires us, in starting from the 
assumption that these creatures are living, 
sentient and intelligent beings, to suppose 
them in some recognizable measure of 
behaviour to be like ourselves, however 
morphologically unfamiliar. The same 
argument applies to the imagination of 
extra-terrestrial animals and plants: a 
Venusian tree that runs, or an Astran flying 
elephant, are just as absurd as if we placed 
the same creatures in some unexplored 
Amazonian backwoods. 

Nonetheless, for living things of all kinds 
the principle of universal similitude 
remains to this day an unsupported 
speculation. It is a principle, common to 
Epicuros and Hoyle, resting on a 
metaphysical belief that nothing in the 
cosmos can be unique, which many (in- 
cluding presumably most if not all religious 
believers) regard as unacceptable. In its 
original form, as adopted by the Greek 
atomists, it embraced the idea that no 
substance and no type of being can be 
unique, since everything is subject to 


probability and the occurrence of an event 


in one place does not reduce the likelihood 
of its repetition there or elsewhere. Hence 
time’s arrow pointed in all directions at 
once as on a three-dimensional compass- 


i; card or, more exactly, must be interpreted 


as having but a local and reversible effect. 


_ has had to be- pushed ever further anc 





Accordingly, the metaphysical rejection of 
singularity — and indeed the principle of 
universal similitude itself — .are 
inconsistent with such an attribution of 
time-direction to the cosmos as the 
prevailing scientific view of its evolution 
seems to require; but as Dr Dick’s 
consideration stops with Kant in the late 
eighteenth century, the relation of the 
Perfect Cosmological Principle and of the 
Primordial Bang to universal similitude 
falis outside his scope. 

Throughout late antiquity and the 
Middle Ages Aristotle’s rational 
arguments for a finite universe and a 
unique Earth held sway, though latterly 
mitigated by the contention, founded on 
God’s omnipotence, that the creation of 
more universes than one was within his 
power. However, since it seems that 
mediaeval philosophers regarded such 
alien universes as in principle unobservable 
— surely a logical position to adopt — the 
assertion or denial of their existence was 
meaningless except perhaps in a theological 
sense. Then, as Dr Dick emphasizes, the 
Copernican revolution opened the door to 
a more effective version of universal 
similitude in that the Earth was now seen as 
a member of aclass of bodies, planets, and 
later the Sun was placed in another class, 
stars. Since then, and with renewed 
emphasis from Newton, univers 
similitude has become a firm principle in 
thought about the physical structure of the 
cosmos though, paradoxically enough, the 
progress of scientific investigation has 
always increased rather than diminished 
our sense of the diversity within the classes 
of stars and satellites. Whereas the 
seventeenth century could (with some little 
violence to observation and plausibility 
imagine the Moon as not at all unsuited tc 
the existence of intelligent living beings. 
and the nineteenth century could similarly 
view Mars, we now recognize that thi 
chances of finding another Earth-lik« 
planet, if finite, are quite small. The fact 1: 
that our search for analogues in the cosmo: 






















fume. of the debate about the 
: of worlds. Newton, to whom 














\ceivable, appears only 50 pages 
fore the end of the 190-page text. I think 
is is a pity. The principle of universal 
imilitude is much less interesting in the 
period where it was justified only by the 
_experientially dubious argument that 
tt ings are more probably like than unlike, 
2 than in the age of modern science when it 
has been justified by observational and 
theoretical successes. We have built up a 
_fair body of knowledge of how this 
- _ principle can be applied, and where it fails 
= to work. Moreover, since Kant’s time we 
_ have learnt a great deal about similitude in 
living things on Earth and have related this 
-knowledge to a theory of their evolution in 
“such a way as to transform the discussion 
Of the possibility of living phenomena 
elsewhere. True, none of this has come 
near answering the question: ‘‘Are there 
other inhabited worlds?” but it has taught 
-us at least where such worlds are not, and 
_ hardened the distinction between scientific 
T ‘imagination and scientific romance. The 
_ question: ‘‘Was Jesus Christ to be seen as 

_ the planet-hopping Savior in the new 
_ cosmology?’’ (Dr Dick’s phrase), once so 
_ poignant to theologians, would not disturb 
a modern astrophysicist but scientist and 
‘theologian might agree that the most 
‘profitable working hypothesis for the 
‘present is to assume the Earth’s singularity. 
Earths outside our galaxy seem likely to 
-remain as unknowable to us as God’s 
| “alternative universes in mediaeval thought. 
_ Dr Dick’s painstaking account contains 

z few surprises. No one has made assertion 
xor denial of the plurality of worlds the pole 
ofa philosophical or scientific system; 
r; the idea has been exploited or 
efuted as an exemplary consequence of 
- more fundamental ideas about space, time 
¿and being. Very often, as in that most 
amous book of all on the subject, 
tenelle’s Entretiens (1686), plurality 
yas been defended in a fanciful or fictional 
anner. Belief in the plurality of worlds 
-also long been an intellectual symbol, 
e the expropriation of the expropriators 
-or free love, a sign that he who holds this 
relief is fettered by no conventional 
gmas of religion or science. It never 
18 to have dane anyone much harm to 
assert this belief, not even Giordano Bruno 
alileo rejected it). Whether it has 
done anyone any good I shall not 
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ete T. Winfree 


The Clocks That Time Us: Physiology of 
the Circadian Timing System. By Martin 
C. Moore-Ede, Frank M. Sulzman and 
Charles A. Fuller. Pp.448. ISBN 
0-674-13580-6. (Harvard University Press: 
1982.) $25, £17.50. 


IF you have cancer, don’t accept another 
dose of cytotoxins or X-rays at a time 
scheduled for clinical convenience: the 
damage to your healthy tissue can be 
devastating at one time of day, yet go 
relatively unnoticed at another. If you read 
this en route across time zones, don’t sleep 
off your jet-lag behind drawn curtains: 
exposure to people and sunlight will 
markedly shorten the time of discomfort. 
If you want a stimulating book to read, try 
this one. 

Why this one? Wide-ranging books on 
circadian rhythms have appeared before: 
Bunning’s classic The Physiological Clock, 
updated in 1973; Luce’s popular Biological 
Rhythms in Psychiatry and Medicine in 
1970; Ward’s still-more-popular Living 
Clocks in 1971; Wever’s 1979 classic-to-be 
The Circadian System of Man; my own 
Geometry of Biological Time in 1980; plus 
abundant, more specialized monographs 
and symposium proceedings. So who needs 
another? 

You do if you found Winfree too 
mathematical, Wever too preoccupied 
with data and statistics, the journalists too 
excited for scientific reliability, and 
Bunning too preoccupied with inverte- 
brates and plants. We mammals have 
clocks too, and clock physiology has 
immediate medical pertinence. A lot has 
been discovered by mammalian physio- 
logists and medical doctors in the past 
decade, especially about sleep timing in 
human beings and the origin of sleep 
rhythms in the lower brain. The Clocks 
That Time Us is absolutely up-to-date in 
these respects, and does a superb job of 
presenting the major results in jargon-free 
English. 

As with most scientists cum writers, the 
authors are liveliest on topics more distant 
from their scholarly speciality. The 
chapters on neuroanatomy and monkey 
physiology may become tiresome unless 
you are professionally involved. But if you 
are, you will appreciate the 150 or so 
figures, mostly depicting data, and some 
900 reference citations, most of them less 
than a decade old. Regardless, you cannot 
help but appreciate the rich variety of 
illustrations drawn from human 
physiology, psychology and medicine. 



















Richard D. Alexander’s Darwinism and 
Human Affairs, first published in 1980 and 
reviewed in Nature 287, 173 (1980), has now 
appeared. in paperback. “The book is 
published by the oo of Washington 
die ando costs a 95.: 





|. Arthur T. Winfree is a Professor of Biol 
J: Science at Purdue University, Indiana. 









Every author must compromise accura 
somewhat for a lively presentation and 
might have chosen a different balane > 
some of the more theoretical o Fo. 






















again. And a ‘‘mathematical mode I 
vintage 1981, for the human temperature 
rhythm and sleep/wake alternatio 
occupies most of a short chapter, but to my 
mind gives the misleading impression: thal 
we know a lot more than we do. oi ni 
Though sceptically alert, even tō: the 
point of peppering pages with ‘‘howevers’’. 
in the physiology chapters, Moore-Ede et 
al, seem to me to accept many other, © 
oftimes rather sensational, data too nearly 
at face value. For example, were I assigned — 
to edit the next edition, I would urge less 
emphasis on the likelihood that we harbour | 
two or more separate sources of circadian. __ 
timekeeping in our various organs, unless 
more persuasive experiments appear. — 
Nonetheless, every suggestive observation. 
in this book deserves the emphasis given if 
it provokes immediate testing: for — 
example, that the only four successful. 
“‘test-tube baby” implantations carried. 
out at the time of writing were performed. 
between 10pm and midnight, and the 75 | 
failures were attempted at other times. = 
The long last chapter was the most _ 
exciting to me: ‘‘Medical Implications of 
Circadian Rhythmicity’”’. The effectiveness 
(and toxicity) of drugs and anaesthetics = 
show marked rhythms which should be 
charted to improve the safety of medical. 
procedures; this has already been done and — 
reduced to clinical practice in the case of 
cortisone therapy. We also learn about jet 
lag and the inconveniences of disparity 
between external time and internal body. ~ 
time. Unfortunately, no evidence is < 
presented that internal desynchronization 
is, in itself, part of the problem. The 
prospect of a ‘‘jet-lag pill’’ is discussed, but» 
no drug more reliable than caffeine is- 
suggested. Whoever invents this one seems 
sure to get rich. Note is made that shift- 
workers suffer from desynchronization. 
while responsible for critical decisions in- 
hospitals, nuclear power plants and- 
submarines; the Three Mile Island incident 
occurred at 4am. Psychiatric disorders, 
too, may sometimes stem from derange: 
ment of circadian coordination: succes: 
has been reported in some attempts to cur 
insomnia and recurrent ia by 
phase-resetting. i 
So do not buy this book lightly — you 
may end by habitually charting your bods 
temperature and hours of sleep. | 
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he Soul of a New Machine By Tracy 
Kidder. Pp.254. US ISBN 0-316-49170-5; 
UK ISBN 0-7139-1482-3. (Little, 
Brown/Allen Lane: 1982.) $12.95, £7.50. 



































































COMPUTERS are created by teams — for the 
simple reason that even the smallest of 
them is too complicated to be designed ina 
~ reasonable time by one person alone. This 
~ team approach i is common to many other 
complex engineering projects, and yet a 
hint of sorcery does surround the birth of a 
new computer. In The Soul of a New 
Machine, Tracy Kidder examines this 
- mystique through the eyes of a computer 
< design team operating in the United States 
~~ Jn the late 1970s. 
_ ~. The book is somewhat retrospective, for 
-- few computers are today things of mystery. 
¿Market forces and the increased use of 
design automation are producing a 
convergence of approaches amongst 
-= manufacturers. Standard computers are 
-. off-the-shelf items and it is only in the areas 
“of very high performance or special- 
= purpose computers that there is much 
--seope for engineering innovation. It has 
“not always been thus. Not too many years 
ago every computer was special. They were 
special not only in the engineering sense but 
also because of the unexpected avenues 
they opened up for human endeavour. 
Man could comprehend machines which 
~.- enhanced his physical strength, mobility or 
-range of communication, but here was a 
-new type of machine which cooperated 
>with and enhanced his very thoughts. 
<- = < Of course the difficulty was — and is — 
-that computers do not speak the same lan- 
-guage or share the same preconceptions as 
< human beings. The computer is simpler, 
-- faster, more rigorous, less forgiving than 
_.. dts designer and nowhere is this mis-match 
. felt so keenly as during the testing of new 
“hardware or software. Getting a computer 
“to work properly — especially under 
commercial pressures — demands a par- 
ticular kind of mental and physical stamina 
for which there are few parallels. There is 
all the difference in the world between 
hinking about a new computer and 
ctually building one, though a result of 
nodern design methodology has been to 
educe the areas of uncertainty. A 
omputer design team has thus to operate 
an unusual environment and, until quite 


: è unspoken feeling that the members 
-in some way pioneers of a new age. 

ie Soul of a New Machine is something 
of a misnomer, for the book is really about 
the soul of the design team. Brought 
ogether and sustained by the god-like 
ersonality of their leader, the team is given 
he challenge of designing a relatively high 
_ performance machine within severe 
political constraints imposed by the com- 













ently, the team morale was strengthened- 





7 pany’ s top maonecieAl In describing this Ea 


political background, Mr Kidder provides 
an interesting analysis of the minicomputer 
market at a time which saw the progression 
from 16-bit to 32-bit machines. In par- 
ticular, the development of the Data 
General Company is charted with the fin- 
ancial precision of a business journal, and 
students of modern industrial development 
will find this very revealing. The machine 
itself remains in the wings for most of the 
story. It is in any case somewhat of a hybrid 
— an attempt to achieve large computer 
performance whilst maintaining compa- 
tibility with a small computer marketing 
base. Although by no means a technical 
landmark, the project does involve the 
solution of some unusual design problems 
and the emphasis on processing speed 
makes fault-finding the more difficult. 
Few hints are given about the precise tricks 
played by the engineers to obtain the per- 
formance they required, but this omission 
is perhaps just as well. Mr Kidder is not at 
home with computer terminology; his 
attempts to interpret the jargon for a lay 
readership are at times ungainly, and 
cognoscente will recognize instances where 
his simplifications are based on mis- 
conceptions. 

Luckily, however, a precise technical 
understanding is not necessary for an 
appreciation of the book’s underlying 
theme: the response of young engineers to 
stress. Mr Kidder’s unease in some ways 
emphasizes the gulf between computer ter- 
minology and everyday language, a gulf 
which tends to place computer engineers 
apart from other mortals. The jargon, the 
project deadlines, the group pressure to 
work long and unsociable hours, the 
mental effort of pinning down faults from 
the most sketchy of clues — it is no wonder 


Harvested thoughts 







“Phere © is. also: a oik yet pervasi 
managerial influence applied to the teat 
To most of the engineers this is their first ` 
chance to make a personal contribution to 
the design of a new computer and the team © 
leader appears to exploit this. The | 
ephemeral glory of ‘“‘having your name on 
the machine” is offered only to those who 
are willing to devote their total waking - 
hours to the project. As the project pro- ` 
gresses, any lesser commitment becomes. 
unthinkable by the young engineers then 
selves; peer pressure ensures finally 
they are not so much enslaved 
bewitched. Wives and families rece 
scant mention in the book, but they 
probably felt that the machine was being 
weaned on men’s souls. 

The story will ring true for anyone who. à 
has been involved in the design of a new | 
computer, and yet these same readers will. 
find Mr Kidder at times frustrating. This is. 
because the tantalizing glimpses of 
engineering problems leave unassuaged a 
thirst for more detail. But if the book is =. 
thankfully — not a technical report, it is 
also not a novel. It fails to do justice to the _ 
dramatis personae; the character sketches 
dwell excessively on the scientific career of 
the team members and few of them emerge 
from the pages as flesh and blood. In a 
sense this criticism is unfair, since the book 
should be judged as a documentary which’: 
makes a successful attempt to bridge the 
gap between high technology and everyday 
experience. With computers, for better or 
worse, pervading every corner of society, 
such bridge-building books are badly- 
needed. 3 2 si 
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Wolfgang Pauli: | don’t mind your thinking slowly: | mind your publishing faster than you {> 


think. 


[Sir] Francis Galton: [Statistics are] the only tools by which an opening can be cut through a e 


the formidable thicket of difficulties that bars the path of those who pursue 


the Science of Man. 


[Lord] Ernest Rutherford: If your experiment needs statistics, you ought to have done a 


better experiment. 


Michael Flanders: One of the great problems of the world today is undoubtedly” this 
problem of not being able to talk to scientists, because we don’t understand science; they 
can’t talk to us because they don’t understand anything else, poor dears. : 


Francis [Lord] Jeffery: ‘Damn the Solar System. Bad light; planets too distant; pestered “ee 









with comets; feeble contrivance; could make a better myself.’ fà 
Samuel Butler: We shall never get people whose time is money to take much interest in efo 


atoms. 


[Lord] John [of Selmeston] Wilmot [Minister of Supply 1945-1947]: What I like about 
scientists is that they are a team, so that one need not know their names. 


Victor Frederick Weisskopf: Science has become adult: | am not sure whether scientists 


have. 
Leo Szilard: Don’t lie if you don’t have to. 


Eric Temple Bell: The cowboys have a way of trussing up a steer or a pugnacious bronco |> 
which fixes the brute so that it can neither move nor think. This is the hog-tie, and itis f 


what Euclid did to geometry. 


These quotations are taken from Alan L. Mackay’s delightful collection, Harvest of a Quiet 
Eye, first published in 1977 by The Institute of Physics. The book contains weil over 
thousand such aphorisms and quotations, and has e ps appeared. in paperback, price 


£3. 95, $9. 95. Hardback is £8. 50, $22. 50. 
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The United Nations conference on the peaceful uses of outer 
space, which opened this week in Vienna, seems to have set off on 
a familiar track (see page 595). It is right and proper, but also 
predictable, that the Austrian Foreign Minister, Dr Willibald 
Pahr, should have opened the proceedings with a declaration that 
the most urgent need is somehow to rid what the United Nations 
«_ ealls outer space of all military connotations. Better this, it may be 
ne hone than that the keynote address should be yet another plea 
that the benefits of remote sensing satellites (whatever they may 
- be) should be made freely accessible to all sovereign states that 
think they have a need of them, or which are just curious to know 
< What they look like from aloft. Certainly it is far better than that 
the members of the group of seventy-seven, the developing 
countries whose interests in development are a part but only a 
small part (witness present anxieties about the Lebanon) of the 
proper objectives of the United Nations, should set up a howl that 
they do not have the direct-broadcasting satellites to put into the 
geosynchronous orbits with which the United Nations (through 
the International Telecommunications Union) endowed them in 
1979. Even so, it is a serious question for the United Nations to 
» consider whether conferences like these should continue to be 
held. 
; one of this is to suggest that the military use of space 
i _ 'eohnoloey is not a serious problem. The past few years have 
shown all too well that the contrary is the truth. The major 
_ powers, principally the United States and the Soviet Union, are 
* already dependent on satellites for much of their military 
"intelligence. Quite soon there may be systems for putting other 
systems out of action (see Nature 15 July, p.211). And the process 
- seems destined to catch on. Other states (France, for example) will 
soon be up there too. Other systems, perhaps laser weapons, will 
be added to the orbital ironmongery. Moreover, there seems no 
doubt that once these systems have multiplied the danger that they 
_ owill be used provocatively if not in anger will be substantial. The 
- trouble, unfortunately, is that no amount of speech-making at 
United Nations conferences will bring the perpetrators of these 
< mew devices to an agreement on restraint. Only hard-headed 
negotiations between parties willing that negotiations should take 
place could arrive at such a conclusion. Some international 
organization could, it is true, help to bring those who now use 
orbits for military (but not destructive) purposes to heel by 
keeping a close watch on what they are about, and then publishing 
the results. This is what governments such as that of Sweden have 
i been urging. Unfortunately, for the United Nations to act in such 
¿a sense, either the political backing of the major powers or the 
- financial backing of the others would be necessary. Neither is 
likely to be forthcoming. 
“So what, in these circumstances, can the latest conference hope 
: to accomplish? By the end of next week, the delegations will no 
_ doubt be hard at work on the draft of a declaration so stuffed with 
nodyne pieties that even hard-headed governments will be 
med into endorsement. One certain ingredient in the 
ommunique — would that this prediction were proved wrong — 
will be that the benefits of telecommunications by satellite, the 
only commercially proven benefit of these devices, should be 
-more freely available and more widely shared. Ever since the 
“ disastrous United Nations Conference on Science, Technology 
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united nations in outer space 


STH e UN conference on space technology opened in Vienna earlier this week is certain not to ask the 
questions that need answering. So should conferences like these take place at all? 


: _ and Development (also at Vienna) in. 1979; the notion has become | 





































entrenched that it is somehow inequitable that high technology 
should be exploited first by highly developed industrialized states. 
But this clamour is entirely mistaken. If industrialized states are to 
be persuaded not to win some commercial benefit from their high 
technology, how can they be asked (as they should be asked) to 
throw open their domestic markets more freely to imports from 
the developing countries? | 

This contradiction lies at the heart of much of what the United 
Nations seeks to accomplish in these periodic and increasingly 
gigantic conferences. Their form ensures that all parties go away 
frustrated — the high-technology states because they have been 
shamed into promises whose only saving grace is that they are 
empty, the others because they believe (or pretend) that the 
promises mean what the words say. The outcome, mutual 
despair, may be as dangerous as the militarization of space over - 
which Dr Pahr wrung his hands this week. Has the time come 
when somebody should say no to the next conference (on nuclear 
energy next year) or at least to the one after that? 


Gamekeeper turned poacher 
The British need a new university boss; herewith : 


some nominations and a job description. 


Dr Edward Parkes seems a glutton for punishment. Most of his. 
spell as chairman of the University Grants Committee has been 
spent in forcing arbitrary government economies on British 
universities. His decision now to quit is understandable, and 
would have been forgiven at any time in the past few years. His 
decision to be instead the next vice-chancellor of the University of 
Leeds is more surprising. Is it self-sacrificing heroism, a wish to be 
seen lying on the bed of nails that universities accuse him of having 
fashioned for them? Or bravado, an ambition to show that the 
economies are not so bad after all? Either way, the University of 
Leeds, already distinguished among British universities not- 
merely for its academic strength but, these days even more 
important, for the strong regional loyalty that sustains it, must ` 
count itself lucky. For a university to have as its chief officer ~~ 
someone who knows how the grants committee functions must be 
an advantage of some kind. Parkes is unlikely to use his position 
to win extra leverage for Leeds with the grants committee, ~ 
although many of his new colleagues are hoping that heis not that - 
straight. But at the worst, he will be able to help his new university. - 
to understand more readily than others what may lie behind the 
inscrutable instructions that issue from time to time from the 
committee he is now leaving. 7 

For the British government, Parkes’s departure now is” 
probably more of an embarrassment than an opportunity to fill — 
the empty office with a kind of stool-pigeon or Uncle Tom, Not- 
that there is a shortage of potential successors to Parkes. Sir Alec ~ 
Merrison, vice-chancellor at Bristol, would suit quite well, evenif . 
Sir Peter Swinnerton-Dyer from Cambridge would be more — 
interesting. Lord Flowers, rector of Imperial College London, 
would be a strong appointment, but would the government ` 
welcome a grants committee chairman free to speak his mind in 
the House of Lords? Lord Swann, under-employed since quittin, : 
as head of Oriel College, Oxford, a year ago, is sim 
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“encumbered by a a pee age. But. : 

leaving his post as scientific davies t to the Ministry of Defence 
later in the year, while Mr Geoffrey Caston, who has administered 
the vice-chancellors’ own lobby (the Committee of Vice- 
Chancellors and Principals) for the past five years, probably 
knows as intimately as anybody how the British university system 
functions. Any one of these, and no doubt a host of others, could 
embark on a stint as chairman of the grants committee without 
having first to win the confidence of British universities. The 
government would even find that most of them accept its own 
view that even when direct support for the universities has levelled 
off in 1984-85, continuing reorganization will be necessary within 
the British system. But none of them would take Parkes’s job 
without certain assurances, the most important of which is that 
there should be an understanding between the government and 
the universities on what the grants committee is for. 

What should they ask for? The natural temptation is to ask for 
more independence, but that will not be as simple as it seems. 
. Although the grants committee was established to be an 
independent buffer between the universities and the government, 
it has never been autonomous. In principle, in the old days, the 
government would say what subsidy it could afford, the 
committee would recommend how that should be divided and the 
government would send out cheques to individual universities 
accordingly. In practice, of course, the grants committee was very 
much a spokesman for the university system, arguing the case for 
new developments in some field or other (more medicine, more 
science perhaps), whose credibility with the government stemmed 
from its periodic invigilation of how universities individually 
conducted their affairs. So even in the halcyon days when the 
committee dealt with the Treasury rather than with the 
Department of Education and Science, and when the scale of 
spending on the universities was settled five years ahead, the 
government was inevitably drawn into decisions about the 
character as well as the scale of British higher education. Most of 
the changes that have come about in the past few years are changes 
only of degree. After the government decreed at the end of 1980 
that its subsidies for the universities should be reduced by 8.5 per 
cent in real terms, it seems genuinely to have been left to the grants 
committee to decide how the misery should be distributed. The 
declaration a few weeks ago by the Secretary of State for 
Education and Science that ministers might in future shoulder 
more responsibility for issues of university policy is therefore not 
an innovation of principle. The danger is merely that they will 
choose to intervene too often and too trivially. 

Candidates for Parkes’s job will therefore ask for an assurance 
that they will have a job to do, and not be mere office-boys (or 
girls?) for ministers. More important, they should also ask for a 
restoration of the old civilities by which the grants committee was 
consulted in advance on important issues of public policy on 
higher education. Parkes appears to have been told in advance of 
the two decisions that have most affected British universities in 
the past few years, the increase of fees for students from overseas 
and the reduction of the general subsidy (coupled with limits on 
student numbers). The government may now regret that on 
enither occasion was the grants committee given a chance to 
suggest how its objectives might be more sensibly, and more 
equitably, attained. Yet even these examples of the present 
government’s disrespect for the grants committee (to some extent 
made good by Sir Keith Joseph’s offer of a “‘dialogue’’) are not 


: _ unprecedented. The creation in the 1960s of what is called the 


~ “binary” system of higher education, with parallel systems of 
universities and polytechnics, was presented to the universities by 
the late Mr Anthony Crosland as a bolt from the blue. Yet that has 
become the most serious unsolved problem in British higher 
education. In the government’s interest as well as his own, 
Parkes’s successor should make it clear in advance that if he first 
learns of radical changes in his working environment from the 
morning newspapers, he will be up and off before the day is out. 

Given suitable assurances, Parkes’s successor could have a 


rewarding job. In the promised period of stability after the — 


present contraction is over, it should be possible to make a start on 





"the restoration of the spi 
The new grants committee chairman will have the advantage of 





of academics and of their universities. ee 


dealing with universities that, by definition, will have survived, 
sometimes to their own surprise. Many of them will by then be 
enlivened by innovations forced out of them in these hard times, 
from science parks and essays in continuing education to the 
discovery that research of high quality does not necessarily + 
require an entail on the output of a gold mine. Administratively, _ 
so far as the universities are concerned, the trick must be to finda 
way of giving all universities a sense that they are more fully than 
at present in control of their own destinies, from which would 
follow the beneficent consequence that they have an incentive to 
be different from each other, not an incentive to ape each other — 
or Oxbridge. (The criteria of academic standards and the 
conventions of ‘peer review” might have to be subordinated to 
others, the interests of students perhaps.) Politically, the 
objective would be to provide the government with a solution to 
the problem of the binary system, showing how it might be made 
unitary. Philosophically the need is for a chairman who could 
help to redefine the functions of higher education in countries 
such as Britain now that the participation rate is high enough to | 
falsify the traditional academic assumption that the purpose of - 
being a student is to become an academic. Such a chairman might 
even be able to find a way of creating some tangible linkage 
between higher education and national prosperity — everybody's 
ambition and nobody’s boast. Then, so the daydream goes, 
British universities might have friends again in the House of 
Commons. . . Is that too much to hope for? 


Jumpiness of bankers 


Science and technology, usually respectful of 
banking, will suffer if bankers lose their nerve. 


Why are the world’s bankers so much on edge? In the past few 
weeks, these ordinarily imperturbable figures have taken to 
whispering behind their hands as if they were selling not credit (a 
respected commodity) but something disreputable. The change of 
demeanour is in the short term easily explicable. The bankers 
worry that they may not be permitted by their governments to roll 
over their credits to Poland when that question has to be decided 
next month, or that some unsophisticated member of their 
community may not agree to forgo payment on its Polish loan 
even if the governments concerned suggest that bankers should be 
compliant. But that is very much a short-term calculation. The 
sum of what the Polish government owes the Western banks, 
estimated at $15,000 million or thereabouts, is perhaps only 5 per 
cent of what the commercial banks of the industrialized West 
have lent overseas in the past few years. Obviously, a default by ` 
Poland would be an inconvenience, but arithmetically it should 
not spell the end of the Western way of life. Western bankers will 
not be readily forgiven if they let the Polish credits jeopardize 
their survival — and that of their depositors. 

So what really makes them jumpy? A sense of guilt, the certain 
knowledge that they are no longer as much in charge of their own 
affairs as they pretend they are. Once upon a time, when bankers 
earned their reputation for probity, banks undertook to look 
after the money entrusted to them by depositors, lent that to 
borrowers who had a need of it, and made their living on the turn. 
For at least half a century, however, the banks have been partly 
the prisoners of their governments — or suckers for their 
governments’ propaganda. In the 1960s, the banks helped pay for 
the Vietnam war by exporting the US government’s excess 
expenditure through the Eurodollar market, exporting inflation 
at the same time. More recently, in countries such as Britain and” 
the United States, the banks have helped their governments both 
fiscally (with high interest rates that cause deflation) and 
politically (by lending to unknown clients overseas). Their profit 
margins have been assured, but their assets have been just as much 
at risk as are other people’s. Discrimination, the banker’s stock in 
trade, has gone by the board. Who, except the rest of us, will cry if 
they go bust? 
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patent office 


or refusal 


| Washington 
< Further doubt has been cast on the 
ie of the key Cohen-Boyer patent 
covering basic processes in genetic 
manipulation by a decision on a second 
patent application taken last week by the 
US Patent and Trademark Office. On 30 
June, the office announced that the 
_. granting of the second patent, originally 
¿ planned for 13 July, would be postponed 
es Nature 29 July, p.409). Last week, the 
office took a further step in the minuet-like 
US patent process and notified Stanford 
University (acting on its own behalf and 
that of the University of California, San 
Francisco) that the second patent 
application was to be rejected. 

The decision of the patent office seems 
to turn on the status and origin of the 
plasmid called pSC101, that first used by 
Cohen and Boyer as a means of cloning 
foreign genes in Escherichia coli plasmids. 

< Originally, Cohen and Boyer considered 
p> that this plasmid had been derived from a 
-naturally occurring plasmid called R6-5 by 
_recircularization of some fragment itself 
produced by hydrodynamic shear. 
Last week, the US patent office cited an 

-article published by co-inventor Stanley 

Cohen and a collaborator in 1977 (Cohen, 
S.N. and Chang, A.C.Y. J. Bact. 132, 734; 
1977) in which other possible origins of 
pSC101 were canvassed. The possibility of 
a relationship with the Salmonella plasmid 
SP219 was mentioned. 
The patent office now says that the 1977 
article ‘‘sets forth a revised view of the 
origin of the pSC101 plasmid. That view 
conflicts with the origin of pSC101 as set 
forth in this application’’. 

= The first patent, which was issued to 
Stanford and the University of California 

at San Francisco in December 1980, 
presumably suffers from the same 
potential defect. The patent office has the 
authority to reexamine an already-issued 
patent, but has only exercised this option 
once since it was given the authority in 
1980. Alternatively, a third party could file 
a challenge to the first patent. 

_ & possible counter to the patent office’s 
objection would be to show that the 
-plasmid was publicly available at the time 
of application, and thus the claims in the 
« patent for how the plasmid is used as a 
starting point in the creation of 
+ recombinant plasmids does not depend on 
the accuracy of the recipe for making 
_ pSCIO1. This matter is open to question; 
. Cohen and his co-worker Herbert Boyer 
» did make the plasmid available to qualified 
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‘trouble for Stanford's pate 


scientists who requested it, but with some 
restrictions. The patent office asked 
Stanford to provide data on how many 
scientists were supplied the plasmid and 
whether any were refused. 

Cohen said last week that the 1977 
Journal of Bacteriology article ‘‘did not 
admit an error in the original procedure” 
but rather only in the ‘‘interpretation’’ of 
where the pSC101 plasmid came from. He 


Space wars at UN conference 


Vienna 

Austrian Foreign Minister Willibald 
Pahr has called on the world scientific 
community to “‘oppose vigorously’’. the 
increased militarization of space. He was 
addressing the opening session of Unispace 
82, the second United Nations conference 
on the exploitation and peaceful uses of 
Outer space, now meeting here. Dr Pahr 
had just been elected president of the 
conference, an honour shared with Dr Kurt 
Waldheim, who, in 1968, had been 
Austrian Foreign Secretary when the first 
Unispace conference was held in Vienna. 

Unispace-1 had been mainly concerned 
with the potential of the new space 
technologies. Unispace-2, fifteen years 
later, is interested primarily in what can be 
done with those technologies to improve 
the quality of life of mankind. An 
exhibition, staged parallel to the 
conference, shows an impressive range of 
space technologies. 

In one respect, Unispace-2 might be 
considered as a showcase for the space 
techniques of the more developed nations, 
in their hopes that these benefits could be 
extended to the less fortunate. 

UK Minister of State Kenneth Baker 
observed that, ‘‘Unispace is particularly 
significant for those countries which do not 
have their own space industry, but who 
seek quite rightly the assurance that the 
way that space applications are developing 
is of value to all’’. 

The prestige element was, of course, 
present. The Soviet exhibit was under the 
direction of Dr A. P. Kapitsa, son of the 
Nobel prizewinner. The Americans 


brought to their stand not only their shuttle 


astronaut Henry Hartsfield but also a 
female trainee astronaut. The American 
impact, however, was somewhat lessened 
by the recent Soviet media campaign which 
stressed the military aspects of the shuttle 
and by fears of what President Reagan’s 4 
July speech about a ‘‘more permanent” US 
presence in space might mean — a subject 
on which US delegates to Unispace 82 were 
remarkably non-communicative. 

The idea that the ‘‘demilitarization’’ of 
space was a prime prerequisite for its 
peaceful exploitation was taken up by 
many of the delegates, including the 
representatives of non-governmental 


said that procedure was totally 
reproducible. A 
Stanford has already sold one-year | 
licences to the first patent to 73 companies. ` 
Stanford has three months to respond to 
the patent office’s action; a Stanford — 
official said he did not see any | 
‘‘insurmountable obstacles’? in. 
successfully asserting its claim. : A 
Stephen Budiansky oe 


organizations, who have a special session 
on this theme scheduled for Saturday. If, 
unlike its predecessor, Unispace-2 
produces some concrete recommendations, 
the peace issue is almost certain to be among 
them. So far, however, no concrete 
proposals for the ‘‘demilitarization” of 
space have emerged. Vera Rich 






India’s space hopes 


Bangalore 


India’s ambitions in space remain 
high despite a number of setbacks. Next 
month, the indigenous rocket, SLV-3, 
will carry a 42-kg satellite during its first. 
operational flight and next year the first | 
Indian astronaut will fly aboard the}. 
Soviet spacecraft Salyut-7. But thej 
country’s most ambitious space project | 
yet, the multi-purpose operational 
domestic satellite INSAT-1A, has been 
crippled by the failure of its solar sail to 
deploy. 

INSAT-IA, the world’s first civilian 
telecommunications, weather and 
direct broadcasting satellite rolled into 
one, was built by the Ford Aerospace 
Corporation under contract from the 
Indian Space Department and launched 
by the US National Aeronautics and 
Space Administration aboard a Thor 
Delta rocket. The Indian government 
had planned to use the satellite for | 
meteorology, long distance com- 
munications and for broadcasting 
direct to remote villages, but the failure 
of the solar sail will reduce the satellites] 
lifespan to two and a half years and limit | 
its usefulness. The Indian Space]... 
Department is hoping for better luck | . 
with INSAT-2, due for launch aboard | — 
the space shuttle in July 1983. a 

High hopes are also pinned on the | ` 
operational launch of SLV-3, India’s |. 
own solid-fuelled, four-stage rocket, |> 
After a disastrous first test flight in | 
1979, SLV-3 had a successful test flight | 
in July 1980 and was partially successful | — 
| in May 1981 when it placed a small |- 
satellite into an unexpectedly low orbit, | 
thereby condemning the satellite to 9 
rather than 90 days of life. a 
B. Radhakrishna Rao 
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Washington 

The US radioastronomy community, 
after much agonizing, has decided to give 
first priority to the construction of the Very 
Long Baseline Array (VLBA) radio 
telescope — a decision that effectively 
means that the 25 metre telescope — which 
it has sought for several years without 
obtaining funds — will not now be built. 
Associated Universities Inc., the 
management group that runs most major 
US radioastronomy facilities, recently 
submitted a formal proposal to the 
government asking for $51 million in 1982 


a The 25-m millimetre wavelength telescope 
dollars to build the network, which would 
= extend from Alaska to Hawaii and across 
the continental United States to New 
: England. 
~ Using interferometric techniques, 
_ VLBA will have a baseline on the order of 
< the radius of the Earth, and so will be able 
to achieve extraordinary resolutions of 0.3 
~ milliarcsecond. Thus it will be able to study 
> = many aspects of the so-called ‘‘violent 
- wniverse’’, such as explosive events in 
quasars and in the nucleii of galaxies. It 
may also permit precise distance deter- 
-« Minations to maser sources in our own 
galactic system, ™ 
o The 25-metre telescope, on the other 
hand, would. have used very short, milli- 
_. metre wavelengths to investigate inter- 
< stellar molecular chemistry. It was first 
recommended in 1972 by a committee of 
he National Academy of Sciences (NAS) 
y Jesse L. Greenstein of the 
ia Institute of Technology. The 
Radio Astronomy Observatory in 
esville, Virginia, has sought funds 








































ornia at Berkeley, Bell Laboratories and 
_ the University of Massachusetts. 

» Other countries, too, entered the pro- 

mising field: the United Kingdom has a 

- 15-metre dish at Mauna Kea, in Hawaii, 
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Arrays in, dishes out 


while the Franco-German telescope 
institute IRAM (Institut de la 
Radioastronomie Millimetique), based at 
Grenoble in France, plan two telescopes — 
one almost ready at Pico Veleta in the 
Sierra Nevada near Granada in Spain, the 
other under construction at the Plateau de 
Bure in the southern French Alps (near 
Grenoble). The Japanese, too, plan to 
build one, and a copy of the dish destined 
for Granada has even been ordered by the 
government of Iraq. 

But in spite of its once-widespread 
support in the United States, ‘‘time has 
passed the 25-meter by’’, as one 
astronomer said last week. The most recent 
review of astronomical priorities, a report 
by another NAS committee headed by 
Harvard astronomer George Field (see 
Nature 8 April, p.482), included a sub- 
committee to set priorities in radio astron- 
omy hardware, headed by Pat Thaddeus of 
Columbia University’s Institute for Space 
Studies. At that time, the 25-metre tele- 
scope seemed likely to be funded, so the 
final Field report gave top priority to the 
need for VLBA. Only afterwards, was it 
clear that even in fiscal year 1983, the 
25-metre telescope would not be funded. 
So its virtual omission from the Field 
report meant it was doomed. 

US radioastronomers hold mixed views 
about this gap in the field, in which the 
United States was a pioneer. 

On the other hand, nobody disputes that 
VLBA, if it is built, will be a major 
advance, as nothing like it is planned 
elsewhere in the world. 

Deborah Shapley 


Fields Medal awards 


Two Americans and a Frenchman are 
the 1982 winners of the Fields Medal, 
the ‘‘Nobel Prize’’ of mathematics, it 
was announced in Warsaw on Sunday. 

The International Congress of 
Mathematicians (ICM), meeting this 
year in Poland, awarded the medal to 
William Thurston of Princeton 
University, S. T. Yau of the Princeton 
Institute of Advanced Studies, and 
| Alain Connes, who is at present a 
| director of research at the headquarters 
of the Centre National de la Recherche 
Scientifique in Paris. As a mathe- 
matician, Connes is attached to the 
Ecole Normale Superieure and the 
| University of Paris VI, 

The Fields Medal, an inspiration of 
an early president of ICM, is awarded 
every four years. These are the ninth 
and tenth awards for Americans, and 
the sixth for a Frenchman — a 
remarkable record for France, bearing 
| in mind that the United States has four 
times the population of France. | 
Robert Waigate_ 





































_ mean fewer staff. 
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Five per cent 

Last Wednesday a council meeting of the 
Association of University Teachers (AUT) 
approved a 5 per cent pay increase for. 
university lecturers. It had little choice. 
When talks between AUT and the 
Universities Authorities Panel (the body 
nominated by the Committee of Vice- 
Chancellors and Principals to negotiate 
salaries) reached an impasse, the matter 
went to arbitration and § per cent was 
recommended. The award, which has been 
approved by Sir Keith Joseph, Secretary of 
State for Education, means that the 
universities will be faced with yet another 
book-balancing feat. The outcome may be 
further job losses. 

Negotiations between AUT and the vice- 
chancellors were mainly over how much 
the universities could afford to set aside for 
salaries. Initially the vice-chancellors said 
they could afford nothing. The body both 
sides most wanted to negotiate with was the 
government. Each made representations to 
the government for more money to meet a 
pay increase. But the government remained 
adamant that any award must be met from 
the grants given to the universities. by the 
University Grants Committee. The 
government did decide, however, to 
provide £770,000 to meet two-thirds of the 
cost of the 6 per cent award made to clinical. 
academics to maintain their parity with 
National Health Service workers. ‘‘That is 
in some way understandable’, commented 
Mr Laurie Sapper, general secretary of 
AUT, “After all, most government 
ministers are over 50 and don’t want to 
upset the medics’’. hs : 

AUT was hoping for a much higher. 
award to keep in line with other public: 
sector settlements and to compensate for 
inflation. The vice-chancellors were in 
agreement with AUT that it was unfair for 
members of university staff to have their 
pay further depressed in relation to other 
employees in public institutions. But they 
insisted that an award over 4 per cent, the 
amount allowed for in the government-set 
cash limits, could not be met without 
outside help. 

Dr Albert Sloman, chairman of the 
Committee of Vice-Chancellors, pressed 
the case for more money in a meeting with 
Sir Keith Joseph on 25 June. In a further 
letter on 23 July, after the settlement of the 
award, Dr Sloman pointed out that the 
rising salary costs would mean a further 
running down of the university system. In 
his written reply Sir Keith Joseph made it 
clear that additional money would not be 
forthcoming. ie 

Given the universities’ stringent cash 
limits, the negotiations between AUT and 
the vice-chancellors left little room for 
manoeuvre. In giving a 5 pef cent award the 


government’s attitude seems to be, if the 


unions want more money, they know it may 
Jane Wynn 
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ublic last week. Sales of one of the drugs 
entioned in the documents, Oraflex 
(benoxaprofen), were suspended last week 
-in both Britain and the United States aftera 
review of British data revealed 61 deaths 
associated with its use (see box). 

The allegations against Lilly are spelled 
out in a series of internal FDA memoranda 
released by the House intergovernmental 

relations subcommittee, which was holding 
_ hearings on FDA’s proposed streamlining 
of the new drug evaluation process. 

_ One of the most serious charges is that 
“data for benoxaprofen appear to have 
been deliberately withheld, thus biasing the 
NDA (new drug application) in favour of 
approval’’. The investigator who reached 
that conclusion, Dr Michael Hensley, 
recommended last September that FDA 
“‘consider prosecution of appropriate Lilly 
employees”. 

-Dr Hensley’s investigation revealed in 
particular that 65 adverse effects that 
occurred during the clinical trials of 
~“ Oraflex were not reported to FDA, even 

though they were apparently related to the 

drug, and were in Lilly’s files when the 


i s finds FDA wanting 


application was made in December 1979. 
These effects were principally 
photosensitivity and onycholysis 
(loosening of the fingernails), and all 
occurred after the “cut-off date” of 
November 1978 that Lilly had set on data 
that were to go into their application. The 
cut-off is apparently a usual procedure. 

But the Lilly employee in charge of the 
application, Dr H.A. Bartlett, did review 
the adverse effect reports from trials that 
continued after the ‘“‘cut-off date”, and 
included ‘‘serious’’ reactions in the 
application, according to a memorandum 
written by Dr Hensley on 16 September 
1981. This memorandum then states that 
Dr Bartlett instructed an employee ‘‘not to 
report others (such as onycholysis and 
photosensitivity} which he allegedly felt 
were, because of their frequent occurrence, 
no longer alarming” (sic). In fact, the new 
data showed a sharp increase in the 
incidence of these side effects. A letter 
from Dr Marion Finkel, then associate 
director for new drug evaluation, to R.D. 
Wood, chairman of the board of Lilly, on 
12 March this year charges that ‘‘the 
consequence was a biased presentation 
clearly more favourable to the drug than 
was warranted by the data’’. 

Lilly’s answer is that FDA regulations 
simply do not require applications to 
include data on all adverse reactions 


Arthritis drug proscribed in Britain 


A voluntary decision by Eli Lilly to 
withdraw the anti-arthritis drug 
benoxaprofen from sale in all countries 
came soon after the imposition of a 
90-day ban on UK sale by the Committee 
on Safety of Medicines (CMS). The 
Department of Health withdrew the 
| product licence for the drug (sold under 

| the trade name Opren in the United 

| Kingdom) to allow time to assess the 

| alarming total of 3,500 reports of serious 
side effects, especially in the elderly. 

Benoxaprofen had rapidly become one 

of the most prescribed of anti-rheumatic 

| drugs since the UK product licence was 

| issued in 1980, and the CMS review cites 

| 61 deaths associated with its use. In the 

United States the drug (sold as Oraflex) 
was given FDA approval only in April of 
is year, but already at least 11 deaths 
<} have been linked with benoxaprofen, 
<| again mostly in elderly patients and 

mostly involving liver or kidney damage. 
{In withdrawing the drug, Eli Lilly was 
“|-at pains to explain that it still believed 
yenoxaprofen to be safe and effective if 
-| cused as directed. But after seven years of 
=F development before being allowed on the 

market, the question of why possible 
contraindications seem to be emerging 
only at this stage will be taxing regulatory 
| authorities and Lilly’s medical teams on 
























before the fracas. 


both sides of the Atlantic. 

Benoxaprofen is undoubtedly effective 
in many cases of rheumatoid arthritis and 
osteoarthritis but it is probably not 
irreplaceable — other non-steroid anti- 
inflammatory agents with similar activity 
include aspirin, naproxen, ibuprofen and 
fenoprofen. For Eli Lilly, though, the 
whole episode is a major setback. Even if 
benoxaprofen is allowed back onto the 
market, the damage will have been done 
and doctors will be reluctant to prescribe 
it and patients to take it. 

The latest events surrounding 
benoxaprofen provide another reminder 
of the high risks involved for companies 
attempting to reap the high rewards that 
accompany a successful new drug launch. 
Only two weeks ago the London Stock 
Market witnessed extraordinary 
fluctuations in the price of shares in the 
pharmaceuticals company Glaxo. High 
hopes of massive profits from sales of the 
new anti-ulcer drug Zantac (ranitidine) 
were dampened when a few reports of 
possible side effects were publicized with 
little analysis in the financial press. Share 
prices recovered when Glaxo and others 
pointed out the relatively minor nature of 
the reported effects, but predictably the 
price has not matched the high levels seen 
Charles Wenz 








subcommittee hearings, Dr. 
Temple, acting director of the office & ne 
drug evaluation, agreed. He called ita 
‘‘defect in the regulations”. 
A similar mix-up occurred over N 
reporting of four deaths from jaundice 
associated with the drug. Attention was 
focused on this matter by reports (Goudie, 
E.M. et al. Lancet i, 959; 1982/Halsey, 
J.P. & Cardoe, N. Br. med. J. 284, 136: 
1982.) of several jaundice deaths in Britain 
associated with Oraflex. On 23 June, FDA 
officials met Lilly officials to discuss the 
matter, and ‘‘expressed surprise that 
(American) cases of jaundice had not been 
submitted prominently to the NDA (new : 
drug application) prior to its approval’’. l 
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Lilly officials claimed that they had i in fact 
submitted two reports to the IND file 
before approval. At the subcommittee 
hearings, FDA officials said they had had 
no way of checking that, since there was a 
six-month backlog in processing the IND 
files. They said they have since found that 
all four cases were reported to FDA by Lilly a 
— but that FDA reviewers apparently 
approved the application without seeing 
the reports. FDA Commissioner Arthur 
Hayes Jr says that it “wouldn’t have made 
any difference” in the approval, since the _ 
reviewers knew about the problem. ech 
Dr Hensley’s memorandum of 29 — 
September 1981, in which he recommended 
possible prosecution of Lilly employees, _ 
referred to three other drugs about which _ 
he said “allegations .... that Lilly has | 
repeatedly failed to make required reports. 
of important adverse findings’? had bee: 
‘confirmed?’ by FDA investigators 
About aprindine, an anti-arrhythmia drug 
Dr Hensley found that “Lilly employ 
may have engaged in highly objectionab 
perhaps ethically questionable practices 
their handling of the aprindine clini 
programme’’. Furthermore, Lil 
apparently ignored findings from its 
experiments with dogs of a possibly-letha 
side effect of the drug, fibrillation. It w 
not until January 1974, after four patier 
in the aprindine clinical trials had died, tl 
the dog studies were reviewed and fin 
reported to FDA on 4 February 197 
FDA memorandum dated 4 February 
recommends that Lilly be iss 
“Notification of Adverse Findin: 
failing to incorporate the data 
















































































zal protocol 

ort property to FDA. 

nsley’ s memorandum. of 29. 
tember 1981 concludes that for a third 
ig, drobuline, proper case report records 
vere not maintained, and protocols were 
iot followed. In the case of the fourth 
1g, monensin, the FDA documents 
arge that Lilly failed to report adverse 
fects in animals and humans exposed to 
e drug, or delayed reporting these effects 


FDA regulations 
Saving time, but 


fashington 
fhe Food and Drug Administration 
FDA)’s plans to relax some of its 
requirements for new drug applications 
came under congressional scrutiny last 
week during two days of hearings that also 
raised serious questions about Eli Lilly and 
Sompany’s reporting of adverse effects of 
its drugs (see p.597). 
-FDA Commissioner Arthur Hull Hayes 
Jr, testified that the proposed changes in 
FDA procedures should shorten the 
approval process for the average 
application by six months. It now takes 
nearly two years. An FDA spokesman said, 
however, that the new procedures would 
probably have little effect on applications 
for drugs deemed important, since they are 
already given expedited treatment. 
Representative L. H. Fountain 
(Democrat, North Carolina), chairman of 
the House subcommittee that conducted 
the hearings, focused strongly on two of 
FDA’s proposed changes. One would drop 
the requirement that drug companies 
submit the detailed ‘‘case report forms” 
from clinical trials of the drug; the other 
would allow FDA to approve a new drug 
ipplication on the basis of foreign studies. 
At present, applicants are required to 
arn over to FDA all case report forms. 
ese are the reports made by the clinical 
nvestigators on each patient; according to 
JA, they make up 70 per cent of the 
plications now, often running into 
ndreds of volumes. FDA is proposing 
hat, instead, the drug companies should 
lowed to submit tabulations of the raw 
ta, and. only submit the case reports for 
that raise significant safety questions, 
‘patients who died, or dropped out 
he study because of an adverse effect. 
mpanies would still have to supply 
reports if requested by FDA. 
obert Temple, acting director of the 
‘new drug evaluation, assured the 
nittee that FDA would not lose 
ig in the change. But detailed 
will still be asked for as they’re 
he said; and Commissioner 
argued that tabulation of the raw 
‘more consistent with current 
ic practices” 
imittee staff members, however, 
two | in-house reviews at FDA 
ations which did not agree with 
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eports they were aisa - 


At the ‘subcdmmittee arn; Lilly 


issued a statement to reporters denying the 


charges. “Eli Lilly and Company takes 
vigorous exception to any implication that 
it withheld data, maintained inadequate 
records, or failed to comply with the 
requirements of the FDA”. 

Stephen Budiansky 


carefully 


drawn for. They were also concerned that 
FDA reviewers might be intimidated by the 
prospect of having to make a special 
request for the case reports, if for no other 
reason than the time it would take. 

On the issue of foreign data, FDA 
officials similarly tried to be reassuring that 
the proposed changes would not 
undermine FDA’s ability to make a 
thorough evaluation. FDA rules now allow 
foreign studies to be accepted if the 
investigators are “well-qualified” and if 
they make background data available to 
FDA. But in almost all cases, at least one 
domestic study is also required. 

That would change under the new rules. 
A drug could be approved solely on the 
basis of foreign data; Hayes suggested that 
this would be especially important when 
requiring domestic trials would ‘‘cause an 
unjustifiable delay in the drug’s availability 
to the public’’, would result in 
‘unnecessary or duplicative testing” 
would present an “unnecessary burden on 
the drug sponsor” 

Foreign data would still have to meet US 
standards and be the product of ‘“‘in- 
vestigators of recognized competence” 
Critics worry that standards will 
nonetheless be lowered. Dr Sidney Wolfe 
of Ralph Nader’s Health Research Group, 
said, ‘‘The main problem with the use of 
foreign data is that the drug laws and the 
protection of human subjects are weaker 
everywhere in the world” than they are in 
the United States. And according to Dr 
John Nestor, a retired FDA employee who 
worked for many years reviewing drug 
applications in the agency’s cardio-renal 
drug division, the main effect of the change 
will be that ‘“‘the drug companies will be 
getting their studies done in Mexico and 
Canada and everywhere else because it’s 
easier to escape surveillance by FDA’’. At 
the subcommittee hearing, Representative 
Fountain released evidence that FDA had 
encountered just such problems when it 
attempted to investigate studies done in 
Mexico and Canada. 

The changes FDA is planning appear to 
enjoy support in Congress. But there are 
some reservations. Representative Elliot 
Levitas (Democrat, Georgia) enthused 
about the benefits of deregulation, and 
then implied that the only weapon against 
the teed i is vigilance. PERE 
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Now Monsanto 


Britain now has one of the best 
environments in Europe for innovation, a 
director of the US chemicals company :; 
Monsanto said last week. And Mr Richard 
A. Onians has put Monsanto’s money 
where its mouth is, investing £4.75 million 
in a new £9.7 million venture capital fund 
launched last week in London (see Nature 5 
August, p.505). 

Onians describes Monsanto’ Si 
investment as a window on European- 
technology, but what the company will 
through it is mostly British work. The fund : 
is to be managed by Advent Management, ` 
which already controls another £10 million 
fund, Advent Technology, now 15 months 
old and with ten British investments | 
already under its belt, Monsanto will have 
no control over the new fund, but Advent 
Management will use Monsanto for 
technology assessment. 

Monsanto itself seems to have been. 
tempted to Britain for its “window” 
because of government willingness to allow . 
foreign investment (France would not let 
Monsanto invest there, in spite of a. 
desperate need to rebuild the French. 
chemical industry), low capital gains taxes 
and because of what Onians called British 
inventiveness. There are probably plenty of 
potential British entrepreneurs as well, he ~ 
thinks, if only the money is made available. 

Sir Kenneth Cork, the accountant and 
ex-Lord Mayor of London who is 
chairman of the new fund, believes Britain 
could make good use of £500 million of- 
venture capital, ten times the total- 
probably now on offer. ‘‘But the Trades 
Union Council plan of £1,000 million from 
government and £1,000 million from. 
industry just wouldn’t work’’, he said; 
venture money needs to be hard to get. 

Advent Management has certainly 
found it harder to raise the money for- 
Advent Eurofund than it was two years ago- 
to raise it for Advent Technology, an 
essentially similar fund. The fashion 
among finance houses and insurance 
companies for investing in such funds 
seems to have been short-lived, says 
Advent director David Cooksey. 

University investment in high 
technology venture funds seems, however, 
to be new — new certainly for Cambridge 
(£500,000) and Oxford (£100,000). St 
Andrews, Imperial College London, the 
Nuffield Foundation and Boston 
University (Massachusetts) have also 
invested, reaching a total academic interest 
of £1.5 million. Some 20 other British 
universities were interested, said Cooksey, 
but they had not got the cash. 

From the universities’ point of view, 
these investments are dealt with like any 
other but offer a chance of protecting 
inflation. Cooksey, 
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olish — students stranded in 
-> Britain by the declaration of martial law 
«+ last December should be able to continue 
their education in Britain under a scheme 
launched by a group of academics at the 
London School of Economics (LSE). 
Following a personal appeal to university 
principals by Lord James of Rusholme, 
© thirty universities and colleges have offered 
i free: places to Polish students unable to 
continue their studies in Poland. 
-A preliminary count of students last 
spring suggested that between forty and 
fifty places would be needed. Since 22 July, 
‘however, when General Jaruzelski made it 
clear that there would be no early end to 
martial law, some fifty more students have 
applied for assistance. 
Most of the students had come to Britain 
on temporary leave of absence from their 
universities in order to learn English. Many 
_ Of them, at the same time, had been 
-appointed as roving delegates of the 
~ Independent Students’ Association (NZS), 
: which hoped to build up strong ties with 
students unions abroad. NZS was 
- outlawed last January (unlike Solidarity, 
which technically is only “‘suspended’’), a 
factor which has undoubtedly influenced 
the students’ decision to remain abroad. 
Incorporating the Polish students into 
the British university structure involves a 
number of difficulties, even with science 
students where the curriculum differences 
are least. Poland has no bachelor’s degree; 
university courses normally last five years, 
. ending with a master’s degree. 
A compromise has been worked out, 
-. whereby students who should be beginning 
fourth or fifth year work in Poland will 
_- enter the second year in British universities, 
- while their juniors will begin again from the 
- beginning. The students themselves seem 
fairly happy with this plan, since a few 
< terms of what is essentially revision will 
offset the difficulties: of studying in 
Re English. 
=- The LSE team, which is acting as an 
` unofficial placement board, feels 
confident that places will be found for all 
Polish students who genuinely wish to 
continue their studies in Britain. The main 
= problem is now that of maintenance; the 
team estimates that, to take advantage of 
~ the places so far offered, it will have to raise 
some £200,000 for the students’ 
-` maintenance over three years. A charitable 
trust — the Polish Students’ Appeal Fund 
_- has been launched, and possibilities 
-such as local authority rent rebates are 
~ being explored. Vera Rich 
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As a service to readers working in 
biotechnology, to those who may have 
invested in this new technology or who may 
regard its commercial fortunes as an 
indicator of the success with which bright 
ideas can be turned into commercial 
reality, Nature will in future publish a 
monthly listing of the stock performance 
of 15 representative biotechnology 
companies in the United States. 

This scoreboard of performance will 
appear in the second issue each month, and 
will record the price of each of the stocks as 
traded on the last Friday of the month 
immediately preceding, the traded price at 
the end of the preceding month, and the 
high and low prices during the calendar 
year. 


Market value of biotechnology stocks, 25 June 1982 H 


QOutsta 
ding 
shares 
(million 
A.B. Fortia 19 
Bio-Response 5.5 
Cetus 22 
Collaborative Research 8 
Collagen 5.1 
Damon 6.6 
Enzo-Biochem 5.0 
Flow General 8.0 
Genentech 8.1 
Hybritech 8.8 
Molecular Genetics 4.0 
Novo Industri A/S 16.6 
Monoclonal Antibodies 2.0 
Genetic Systems 13.7 
Bio Logicals 5.9 
Total 


Caoeno 


From time to time, Nature will also 
publish graphical analyses of the 
performance of stocks of particular 
interest, perhaps because the corporation is 
going through an eventful period or 
because the industry as a whole is at some 
turning point. 

The stocks listed have been selected from 
among the much larger number for which 


Performance of biotechnology stocks, 30 July 1982 


Close 
1982 1982 previous Close 
high low month July 30 Change 
28 16'/, A. B. Fortia 237/4 2534 +23/, 
7 eee Bio-Response 4% 4’/, + >/, 
14'/, 8 Cetus 8 9 +1 
il 6)/ Collaborative Research 8&8 8?/, + 3/, 
2 1434 Collagen 17'7; 1734 -i/a 
87a 534 Damon 614 6% ~ y4 Co, 
1734 11% Enzo-Biochem 1434 11%4* -312 | 
28 6°/, Flow General 84 TT - '/; 
3734 26 Genentech 32% 3034 -2 - 
page 9°/, Hybritech 124% 13% +1% y 
9 614 Molecular Genetics 84 674; ~2'/, 
44°/, 347/, Novo Industri A/S 38% 39° /, +1°/, 
127/4 8 Monoclonal Antibodies 914 91% ~ 4 me 
33/, 24 Genetic Systems 234 234 0 . 
8 2 - Bie Logicals 234 3 + % 
e—a 


Close of month prices at the close of business on the last Friday of the month. Where stocks are 
traded over the counter, the price quoted is the bid price, For stocks listed on the Americän and 


New York Stock Exchanges the price quoted is th 
*High or low for the calendar year. 
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Where the stocks concerned are trad 
on the New York Stock Exchange or the 
American Exchange, the prices listed are 
those traded. For stocks traded over-the- 
counter, the prices listed are the bid prices. 

Nature will also publish once a month a - 
weighted index of the listed stocks, taking 
an initial value of 100 as of 25 June 1982. In 
the calculation of this index, the 
contributions of the 15 listed stocks to the . 
index are weighted according to the total. 
value of the issued stock. es 

Between the Fridays of 25 June and 30 Ags 
July, the Nature Biotechnology Index — 
increased from 100 to 102.7. e 

The data (as of 25 June 1982) on which 
these calculations will be based are shown 
in the following table. Pees 




























































n- Closing Total % of alk 
price market total = 
25/6/82 value market . 
s} ($) ($ million) values 

23,375 „1 21 

4.25 23.4 01 

8.0 176.0 08 

8.0 64.0 03 

17.875 91.2 04 

6.5 42.9 02 

14.75 73.8 04 

8.5 68.0 03 

32.75 265.3 13 

12.5 110.0 05 

8.5 34.0 02 

38.25 635 30 

9.5 19 Qi 

2.75 37.7 02 

2.75 16.2 OL 

2,100.6 100 


data are available on somewhat arbitrary 
criteria — because of the volume of 
transactions, for example. It is intended to 
review the listing from time to time. 
Nature is grateful to E.F. Hutton and 
Co., Inc., for advice on the design of this 
service and for assistance with the 
compilation of the data. Suggestions from _ 
readers will be welcome. 


e actual transaction price. 
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Celltech and MRC 
Sir — The House of Commons Select Com- 
mittee’s remarks (Nature 5 August, p.505) on 
Celltech’s links with the Medical Research 
Council (MRC) raise some important issues: 
(i) The cost of developing a discovery and 

- bringing it to the market often makes a degree 
_of monopoly essential if it is to be worthwhile 
_. for anyone to take on the development risk. 
On the other hand, giving one body monopoly 


sights for all inventions for all time may lead 


to stultification. So a good balance between 
exclusivity and competition needs to be struck. 
(ii) Industry and academia quite rightly 


= differ in their aims and ways of doing things, 


go collaboration between them will not be 
productive unless mutual understanding about 

‘aims and methods reaches a high enough level. 
This probably requires individuals and 
organizations to work together quite closely 
over a period of time. 

The agreement between Celltech and MRC 
gives Celltech only a first option —- MRC must 
always be satisfied with the commercial plans. 
It has other features novel in the United 
Kingdom which bring MRC and Celltech 
scientists closer together. Experimentation 
with a variety of frameworks for industrial / 
academic collaboration is highly desirable and 
that between MRC and Celltech may turn out 
to be worth copying. It has been operating for 
less than two years but has already led to 
commercial success, for example, in anti- 
interferon. The time is perhaps too short to 
have tested the ideas fully but if a review at 
this stage could be helpful to others, 1 would 
be happy to see it. 

G.H. FaiRTLOUGH 
Chief Executive, 
Celltech Limited, 
Slough, Bucks, UK 


The numbers game 


Sin — Dr H. H. Rossi (Nature 22 July, p.320) 
makes a plea for a modification of our way of 
writing quantities in the SI system. 

This raises various issues. The numbers we 
write in English speaking countries as 1.234 
and 1,234 tend to be written the other way 
round in continental Europe (with a ‘‘decimal 
comma“ instead of a decimal point, and a dot 
for thousands). This is a dangerous confusion, 
and one has to be thankful that so far it hasn’t 
resulted in catastrophe. What makes it worse 
is that especially in handwriting (and 
sometimes also in print} not only may dots and 

commas be difficult to distinguish reliably, but 
also they may be so faint as to escape notice 
altogether. 

_ What is wanted is a good clear symbol for 

- the decimal point, which ideally should be 
already present on all ordinary typewriters, 
-and not already used as a symbol for a unit of 
| measurement or easily confused in hand- 

- writing with such a symbol. 
_ About the only symbols satisfying all these 
-conditions are ‘‘&’’ and the letter “u”. If we 
wrote ‘2&34"’ or ‘2u34” for “2.34”’ there 
would be little danger of confusion. There is 
also a lot to be said for the admirable brevity 
of the occasional continental habit of writing, 
say, 2.34 m as ‘‘2m34’’. It is quicker to write 
and to say, and is unambiguous. Brevity is a 





great help to clarity. Although ‘‘0.700”’ means 
exactly the same as ‘‘.7"’, it is “7” which 
makes the quickest and strongest impression 
on the mind. 

For representing numbers in so-called 
scientific notation, 1 would suggest that we 
write, for example, 2(6)34 for 2.34 x 10°. 
This notation is brief and more flexible than 
the traditional one. There is no objection to 
writing 1(3)234(0)567(-3)g if one wishes, 
showing simultaneously that this is 1.234567 
kg, or 1234.567 g, or 1234567 mg, according 
to which units are most convenient. In 
addition, 2(3), meaning 2000, could be written 
unambiguously as 2(3 with the second bracket 
understood, again encouraging brevity, and 
similarly (6)14 (= .14 million) could be written 
6)14. 

Of course some problems remain; for 
example most computers already use brackets 
in at least two other senses already. Perhaps a 
convention should be made of using square 
brackets in computer programs, writing 
2[68]34 for what is now more clumsily written 
2.34E06 or 2.34 x 10°. But these problems 
should resolve themselves in due course. 

CEDRIC A.B. SMITH 
Department of Genetics and Biometry, 
University College London, UK 


Drugs as carcinogens 


Sin — The main impression given by Dr M. 
Weatherall (Nature 1 April, p.387) is that the 
maintenance and improvement of the health of 
humans should be based principally on the 
development of new drugs, and that any delay, 
such as compliance with government 
regulations, in the introduction of a new drug 
would result in an increased loss of human 
health. 

Fortunately the approach of regulatory 
agencies differs from that of the 
pharmaceutical industries. The agencies 
attempt to reduce the occurrence in the 
population of side effects of drugs and to 
assess the benefits of drug therapy. The causes 
of the major diseases are only partly known, 
and an incomplete rationale behind the 
therapy for such diseases results in what L. 
Thomas has called “halfway technology’’!, 
involving very high costs and relatively 
unsatisfactory results. An additional problem 
is that the effectiveness of medicines is 
oversold. 

Improvement of human health in the future 
will depend on greater knowledge of the 
aetiopathogenesis of diseases, on 
improvements in social conditions and on 


: more specific treatments!-?. Priority should be | 


given to maintaining a proper balance among 
these different approaches. 

There are certainly limitations in the 
capacity of in vitro assays and in vivo 
carcinogenicity tests for the detection of 
possible carcinogenicity in humans, However, 
the intelligent use of such tools has proven 
valid in predicting carcinogenic effects in 
man’, Of the drugs mentioned by Dr 
Weatherall, phenacetin induces tumours of the 
urinary system of rats, and epidemiological 
studies? show the same organ system to be the 
target for its carcinogenic effect in humans, 
there is also evidence that phenacetin is a 
mutagen in bacteria and mammalian cells?. 
Azathioprine, chlorambucil and 


ENPE ee oo a aes eM Rt E gs 


E CER be responsible 
for an increased gisk of developing tumouis™, 


we 


among patients ‘undergoing kidney 4 


transplantation, areggyoigogepicin «sa: ; 


experimental animals and mutagenic in |. ,-. s 9 
various systems?, Metronidazole is ged bi (agit 
carcinogenic in mice and ratuand mutağenie in“ 
bacteria and fungi,«while theavaitdble* $- titat 
epidemiological data are imarteqnateTORa” sic 
proper assessment of its carcinogenicity in 
humans. The following drugs or tyentments, 
proven to be carcinogenic in hunians, were 
also found to be carcinogeni Šu experimental 
animals: chlornaphazine, fran, melphalan, 
methoxsalen (in combination with ultraviolet 
A irradiation, PUVA), and diethylstilboestrol. 
Chlornaphazine, myleran, melphalan and 
PUVA are also mutagens?. 

Thus evidence of an adverse effect observed 
in experimental systems should not be 
underestimated, and in some cases, it can have 
value as a predictor for a similar effect in 
humans. This value should increase as more is 
known of the mechanisms of carcinogenesis. 

A summary by Dollery © of a recent meeting 
concludes that there is still a tendency to 
underestimate risks and to overestimate 
benefits when evaluating drugs. It seems 
reasonable that the experimental tests to detect 
possible side effects of drugs should remain a 
part of the process of the development of a 
drug, one of the main aims being the provision 
of reliable information on which a risk~benefit 
evaluation can be made. The argument that 
this process is expensive is tenuous, when one 
considers that approximately 10 per cent of the 
budget of the pharmaceutical industry is 
devoted to research and development and 20 
per cent to the marketing of drugs. It is worth 
mentioning that recently, WHO has listed a 
total of approximately 200 essential drugs to 
help in the maintenance of health!!, a very 
small number compared with the number of 
drugs now on the market. 
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Correction 

Tue letter from J. A. Nicoll in Nature of 10 
June (p.450) on ‘‘Logarithmic SPI’ 
contained the following errors. In line 10 


p2.3 should read p2.3; in line 25  pDO stands | 
for density, 1 kg m 3 not m ~2; in line 29 
pL*8.5 should read pL*8.5; and in line 30 
pL*9 should read pL*9. 











i, 


In 1964, the properties of the hundreds of 
: _» ‘elementary’ particles then known were 
~ explained in terms of just three quarks. 
But, since then, the number of quark types 
“has grown. Added to the original up, down 
and strange quarks are the charmed and 
‘bottom quarks and a sixth, the top quark, 
is presumed to exist. Furthermore, each 
quark is now known to exist in three 
different ‘colours’ and a further eight 
particles, the gluons, are required to 
mediate the binding forces between them. 
History thus seems to be repeating itself 
for in each past attempt to explain the 
> ultimate structure of matter, an initial 
» reduction in the number of entities 
‘required — be they atoms, nuclei or 
: elementary particles — has been followed 
by further discoveries of similar objects 
until, finally, the cycle has repeated itself 
and another level of substructure has been 
proposed at which the number of basic 
particles has again become small. Are weto 
believe then that quarks are not, after all, 
elementary? 

In addition to quarks, which are the 
constituents of the strongly interacting 
particles mentioned above, the world also 

¿+ contains leptons. The best known are the 

electron and its neutrino, but nature has 
twice replicated them with the muon and 
the tau leptons, which both appear to be 
simply heavier versions of the electron and 
~ both of which have their own neutrino. 
Some of the properties of leptons and 
quarks are listed in the table. | 

The repetitive similarities of both the 
quarks and leptons suggest that they be 
grouped in families or generations with 
increasing mass, in a manner somewhat 
reminiscent of the chemical periodic table. 
This in itself is suggestive of another level 
of substructure for quarks and leptons. 
a further generations may also exist, 
„still waiting to be discovered, 

A wide variety of suggestions concerning 
ee elecia has been made in the past 

uple of years'. Any prospective model 
must address a number of issues: (1) How 
many preons (the name given to the 
: substructure elements) make a quark or 
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rom Louis Lyons 


lepton? (2) Should quarks and leptons be 
constructed entirely from the same preons 
or should at least one preon in a quark and 
in a lepton differ? (3) Are the preons bound 
together by gravity, electromagnetism or 
some new extra strong force? (4) What is 
the energy scale A or distance scale r on 
which quarks and leptons are composite? 


Popular values congregate around about 


10° GeV or 10'5-10!9 GeV (equivalent to 


r~ 107 cm or 10-10 cm [the mass of 


the proton is ~ 1 GeV}. (5) What makes 
the different generations, and how many 
are there? Are the higher ones simply some 
form of excitation of the first, do they 
contain extra combinations of preons, does 
one preon exist in a few different forms, do 
they correspond to a fine structure type 
splitting, or something entirely different? 
(6) What is a plausible scenario for making 
the composite systems so light on the scale 
of A, and yet still have an interesting mass 
spectrum (see Table 1)? (7) What other 
dynamical predictions can be made? 

One model’ has preons T and V of 
charge 1/3 and zero respectively. The first 
generation quarks are TTV and TVV 
composites while the electron and its 
neutrino are TTT and VVF (the bar above 
a preon denotes its antiparticle). In another 
model’ the preons are labelled 4, w and q, 
where h, h, and A, determine the 
generation, w, and w, are two different 
charged preons, and c,, œ and c, give the 
three colours to the quarks while c, is the 
charged colourless lepton’s preon. Here 
the blue up and down quarks are h, wc and 
h w,c,, while the w is A, wc. 

Most models nowadays try to do more 





than simply obtain the quantum numbers. 


(that is spin, charge, colour, generation: 


number, etc.) of the observed quarks and - = Be 


leptons. However, there are not many 
testable predictions and those that exist are 
often not very specific to substructure 
models. Thus many composite models 
suggest that neutrinos should not be 
exactly massless and that the proton should 
decay at a very slow rate; but other non- 
composite models make these predictions 
as well. A significant advance would be ifa 
mass formula were deduced, which enables 
as yet undiscovered quarks and/or leptons 
to be predicted. 

The obvious question is whether there is 
any experimental evidence in favour- of 
quarks or leptons being composite, The 
answer to date is ‘No’. The relevant 
experiments can then be used to set lower 
limits on A. 

For example, the magnetic moments of 
truly elementary particles can be predicted 
from quantum electrodynamics. Sub- 
structure effects are likely to produce 
deviations; the composite nature of atoms, 
nuclei and even ‘elementary’ particles 
results in their magnetic moments differing 
from the predictions for point-like objects.. 
The fact that the magnetic moment of the 
electron and muon agree with point-like 
values, to accuracies of 1 in 10° and 1 in 10 
respectively, results in stringent constraints 
on their composite structure. 

Other sources of information on A. 
include reactions such ase* e pt wyete 
annihilations producing strongly inter- 
acting particles, and the scattering of 
muons or neutrinos off nuclei. In all cases 


Table 1 Properties of quarks and leptons 





Generation 1 Up(u) Down(d) Electron(e7) Neutrino(y,) 
Mass (GeV c?) 0.3 0.3 5x 107 <5 x10% 
Generation 2 Charm(c) Strange(s) Muon({y") Neutrino(y, ) 
Mass (GeV c?) 1.5 0.5 Ol | <6x 10% 
Generation 3 {Top(t)] Bottom(b) Taur) Neutrino(v,) 
Mass (GeV c?) ? 5 1.8 <0.3 
Quark or lepton Quark Quark Lepton Lepton 
Electric charge +273 ~1/3 -] 0 
Colour Red, green, blue Colourless Colourless 
R Directly observed? No Yes Yes 2 
| Forces = Strong Electromagnetic Weak | 
Electromagnetic Weak 
Weak 
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. “like nature of quarks and leptons agree 
... with experiment. 

The above data can be used to deduce 
that A is greater than 600 GeV. Thus 
quarks and leptons, if they are composite, 
must be very tightly bound systems, since 
their masses are so much smaller than A . 

There are other reactions and decays 
which are expected in some models of 
_ substructure. Thus if the muon is an 
~ excited state of an electron, the decay yey 
should occur. Similarly, if the quarks in a 
` proton share a common substructure with 

leptons, proton decay becomes possible. 
__. Again none of these types of processes has 

“been seen, but because of the model 
~~ dependence of the predictions, no firm 
-  fimit on A can be deduced. 
Theoretical speculation to date has thus 
been unhampered by any positive 


from Andrew J. Thomson 


NICKEL long stood out among the six 
metallic elements of the latter half of the 
first transition series, namely, Mn, Fe, Co, 
Ni, Cu and Zn, as being apparently without 
biological function apart from its toxicity. 
The situation has changed rapidly in the 
last few years! . Nickel is now known to bea 
nutritional requirement for many 
eukaryotic and prokaryotic organisms. 
The element has been shown to be a 
component of urease in plant cells growing 
on urea as sole nitrogen source, to be 
present in the hydrogenases from several 
types of bacteria including those which can 
perform the Knallgas reaction (2H, + O, > 
2H,O) and the sulphate-reducing 
bacterium Desulphovibrio gigas **, to be 
in the enzyme carbon monoxide dehy- 
= drogenase in acetogenic bacteria’ and, 
lastly so far, in a low molecular weight 
tetrapyrrole present in methanogenic 
bacteria’®. Other roles for nickel are also 
` apparent in, for example, a plant such as 
_Alyssum which accumulates large amounts 
— of nicke? and in a strain of Bacillus cereus 
which forms a nickel-containing intra- 
cellular pigment that is probably a protein’. 
It has also been suggested that nickel is 
_ involved in endosphere formation of these 
bacteria’. 
- Urease catalyses the hydrolysis of urea in 
- the reaction | 
(NH,),CO + H,O~ CO, + 2NH, 


_ The enzyme from jack bean contains about 
6-8 mol of nickel per mol of protein 


(molecular weight 480,000). The metal 


appears to be in the oxidation state +1 
(ref. 2). This contrasts with the nickel 
“ centres recently discovered in some 
hydrogenases from Methanobacterium 
thermoautotrophicum? and from D. gigas 
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‘become exercises in self- 



















the main constraints coming from the need 
to produce almost massless composite 
states and the necessity of not violating any 
experimental bounds which have been set 
in attempts to observe substructure effects. 

The main hope for the future is that 
experiments at the new accelerators 
becoming available during this decade may 
reveal direct evidence for quarks and/or 
leptons possessing substructure. This 
would then change the motivation for the 
subject from the realms of aesthetics, 
history, psychology and sociology to that 
of physics. 0 


eae aae 
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_ Proteins containing nickel 


which have been ascribed to nickel in the 
trivalent or +I state since electron 
paramagnetic resonance (EPR) signals are 
readily detectable**. These discoveries 
stemmed from earlier observations that 
nickel is required for the biosynthesis of 
hydrogenase in ‘Knallgas’ bacteria! and 
that there is an EPR signal in both soluble 
and membrane-bound fractions from the 
methanogen M. bryantii '. The assignment 
of the EPR signals in this latter case to Ni 
ii, by Lancaster '', was a bold one. The Ni 
11/Ni u potential of inorganic complexes 
of peptides was known to be above 0.7V, 
making Ni m an unlikely species in a 
hydrogenase’, 

However, Lancaster was persuaded of 
this assignment for the following reasons’. 
The signals occurred at g, = 2.30, 2.23 and 
2.02, all above the free-electron value and 
therefore unlikely to arise from haem. 
They were observable up to 80K and were 
quite unlike those of any known iron- 
sulphur centres. The g-factors pointed to a 
metal ion with the electronic structure low- 
spin d7. The lack of nuclear hyperfine 
structure eliminated cobalt(11). This left Ni 
u as the only candidate, however unlikely 
on chemical grounds. 

It has since been shown that the 
hydrogenase from M. thermo- 
autotrophicum’ also gives the 
characteristic nickel EPR signals at 
g-factors of 2.3, 2.2 and 2.0. Studies of the 
hydrogenase purified from cells grown on a 
medium enriched in® Ni, an isotope with a 
nuclear spin of 3/2, showed nuclear 
hyperfine structure on the lines at 2.23 and 
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2.01, which proved beyond doubt that 
these signals arise from nickel. A spin 


quantification of the nickel EPR signals 
gives a value in close correspondence with 
the chemically determined nickel content, 
being about:0.6 mol Ni per mol enzyme. 

The assignment of the nickel ion to the 
trivalent state has now been confirmed by a 
study of the EPR spectrum of the peri- 
plasmic hydrogenase from D. gigas *°. A 
redox titration of the g = 2.24 signal from 
nickel in this enzyme shows that it is lost on 
reduction with a mid-point potential (En) 
of -145 mV at pH 7.2 (ref. 5). Moreover the 
E value is pH dependent, showing that 
one proton is picked up during reductions. 
These potentials are higher than those of. 
the 2H* /H, couple by about 280 mV, 
raising obvious mechanistic difficulties for 
the involvement of the nickel centre 
directly. 

The low redox potential for the Ni HI/ 
Ni! couple also raises interesting questions 
about the likely coordination site of the 
metal ion in the protein. Several nickel- 
peptide complexes have been prepared 
which involve a rather narrow range of 
amino acids, including leucine, phenyl- 
alanine, histidine and aspartic acid’. The 
complexes can be electrochemically 
oxidized to the trivalent state at E_ values 
of between +0.79 and +0.96 V. The 
oxidized state appears to involve the 
deprotonated peptide linkage. The EPR 
properties of the Nii peptides are not dis- ` 
similar from those of the protein-bound 
Nim ion. However, the remarkably 
different redox properties argue for a very 
different site of ligation in the protein 
possibly involving sulphur ligands. 

The periplasmic hydrogenase from D. 
gigas also contains about 12 Fe atoms per 
mol, undoubtedly arranged into several 
separate iron-sulphur centres’. EPR 
signals are also observed from these centres 
both in the oxidized and reduced states of 
the enzyme. Curiously, however, Albracht 
et al. could detect no iron-sulphur EPR . 
signals in the hydrogenase purified from 
M. thermoautotrophicum’. All hydro- 
genases purified before this report contain 
iron-sulphur centres. The authors do not 
yet discount the possibility that the iron- 
sulphur centres could have been lost during 
aerobic purification of the enzyme. If not, 
this will be an intriguing case of a hydro- 
genase containing only nickel as its metal 
component. 

Pre-dating much of this work on the 
EPR detection of Ni m in hydrogenases 
were the observations that nickel is 
necessary for the biosynthesis of carbon 
monoxide dehydrogenase in acetogenic 
bacteria such as Clostridium ther- 
moaceticum, C. aceticum and Acetobacter 
Woodii} and also for the growth of 
methanogenic bacteria with H, plus CO, as 
sole energy source!®. The two classes of 
reaction being catalysed are respectively 


8[H] + 20,->CH,COOH + 2H,O 
4H, +CO,~CH, + 2H,O 
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> From the , methanogenis bacteria M. 
-> thermoautotrophicum it is possible to 
isolate a yellow, low molecular weight 
nickel-containing compound with an 
absorption maximum at 430 nm, hence 
amed factor Fas (ref. 7). This factor has 
found in every methanogenic 
mso far examined®. The extinction 
ient at430nmis high, ~23 x 10° per 
per mol Ni. The exact structure of this 
igment has not yet been elucidated but 
Ss there is evidence from the biosynthetic in- 
>- corporation of 6-amino laevulinic acid that 

- Fag is a nickel tetrapyrrole’. Chemical 
degradation products of F, have 
appreciable absorption in the region 
500-600 nm and react with cyanide. It has 
been suggested that the spectrum resembles 
_ that of vitamin B,, with, presumably, the 
a implication that the nickel species is related 

“to nitrin, the nickel analogue of corrin!. 
-. Thereis evidence of a mechanistic kind that 
~< the carbon monoxide oxidation in 
acetogenic bacteria may also involve a 
prosthetic group similar in structure in 
vitamin B, but with nickel in place of 
cobalt!>. There is a very recent report that 
the co-enzyme of the purified methyl 
reductase of M. thermoautotrophicum is 
Epo, With a stochiometry of 1 mol of nickel 
per mol of F,,, and 2 mol of Fia per mol of 





a from Michael Penston 


BRITISH astronomers have recently moved 
to the fore in several branches of optical 
astronomy, thanks largely to the building 
of new telescopes in favourable sites 
abroad — in particular the Anglo- 
Australian Telescope at Coonabarabran, 


New South Wales, and the UK Infrared 


“Telescope (UKIRT) on Mauna Kea in 
Hawaii. Access to the telescopes has, not 


surprisingly, so far depended on the 


opportunities provided by air travel. Now, 
= astronomers have begun discussing 

whether modern. communications 
technology offers an alternative way of 
working. Early in June experts in 
communcations and computer technology 


came together with astronomers and 
= builders of astronomical instruments at the 


Royal Greenwich Observatory (RGO) to 


discuss the feasibility of remote operation 


_ of telescopes*. 
Remote operations of telescopes is 
_, possible and, indeed, has already been 





~~ carried out in an experimental way by Kitt 


eak National Observatory and UKIRT. 
7 the Kitt Peak 4 m and 2.1 m telescopes 





The two-day workshop on ‘Remote operation of telescopes’ 


F was held at Herstmonceaux Castle, home of the Royal 
SiS Greenwich Observatory. Participants included representatives 
from UKIRT, Kitt Peak National Observatory, the European 


Southern Observatory and the European Space Agency as well as 
British astronomers and experts in computer networking. 


methyl dacos. 

Thus it is now clear that there are at least 
two new classes of nickel-containing 
enzymes: the nickel-containing hydro- 
genases and those with a nickel 
tetrapyrrole-related co-factor. Much work 
on their structural elucidation needs to be 
carried through. Cj 
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Remote operation of telescopes 


have been used by observers at the end of 
telephone lines both from nearby 
downtown Tucson and at distant sites in 
Michigan and the East Coast of the United 
States. Three lines were used — one for 
voice, one for TV pictures needed by the 
astronomer to identify his target star and 
one to run a remote terminal linked to the 
computer in the telescope dome. UKIRT is 
running a similar system which offers the 
major advantage of being able to diagnose 
and solve instrumental problems from sea 
level without suffering the problems of lack 
of oxygen at the Mauna Kea telescope site 
14,000 feet higher up. | 

There is little difficulty in sending the 
acquisition images of star fields. Images 
with 10,000~20,000 pixels with 3-4 grey 
levels transmitted each 10-20 seconds are 
perfectly adequate as this update rate is 
used by current integrating TV systems on 
telescopes. These could pass down a 
standard 9.6 kbit line even without data 
compression. In fact, the Kitt Peak 
experiment had found a 30 second update 
rate to be satisfactory. On the other hand, 
present astronomical practises regarding 
weather monitoring and protection of the 
instruments from damage were not so 
easily compatible with remote operation. A 
better ways of determining whether the 


humidity is high soul to hazard the 





telescope mirror than the iad nonai test of 


‘whether the dome rail is wet’ needs to be 
developed. A more professional appr 
would even benefit conventional obser Y 
with the observer present. a 

The financial benefits of ER 


observing are obvious, given rising air fares i 


and falling communications costs. 
Advantages in flexibility might also be 


provided — the difficulties of scheduling. - 
simultaneous observations on different 
telescope and/or satellites might, for 


example, be eased. When some particularly 
demanding meteorological requirement. 


expected to be met for only a short time (for | 
example, conditions dry enough to use an 
IR telescope in the 350 um ‘window’) it- 


would be easier to put.a different observer 
on the telescope if he did not have to travel 
so far to exploit this short period. 
Efficiency would also be improved. as 
astronomers would spend less time 
travelling and recovering from jet-lag. 
There are individual problems in 
communicating from different sites as 


reports by Paul Bryant (Rutherford and. - 
Appleton Laboratories) and Peter Kirstein — 
(University College London) showed a- 


somewhat anarchic situation in the com- 
munications field. There are differences in 
computer-to-computer communication 
protocols, in line tariffs and in regulations 
from country to country so that the best 
solution at one observatory might not 
apply at another. Obviously, however, 


common requirements exist and common ` 


solutions and standards are highly 


desirable as participants, looking ahead, 
foresaw a network for remote operation of = -= 


telescopes linking Australia, Hawaii, 
Chile, continental United States, the 
Canary Islands and Europe. One solution 
to the present problem was to separate the 
difficulties of communication and control, 
defining interfaces between these segments 
only. Thus cheap entry to the field could be 
obtained with use of dial-up telephone 
lines, as at present, and when wide band 
lines or public packet switching networks 
become cheaper it would be possible to 
change to them with minimum distruption. 
The eventual use of wide-band 50 kbit lines 
was foreseen since that would allow near- 


real-time transmission of astronomical. 
data from the telescope to the site of remote - 


operations. In the meantime it seems.most 
practical to progress using two to three 
dedicated telephone lines. 


At the end of the meeting Mies PG 
Director of the RGO, — 
undertook to have remote operation from _ 
Herstmonceux of the 2.5 m Isaac Newton ` 


Boksenberg, 


and 1.0 m telescopes on La Palma working 


by the end of next year. Obviously at this a 


pace, the sky is the limit in the remote 
operations field. [J 
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from Jared M. Diamond 


THE Pacific Basin includes the world’s 
largest and deepest ocean as well as most of 
the world’s islands. It constitutes the 
eastern half of the richest province of 
marine biogeography, and is bordered by 
five of the six provinces of terrestrial bio- 
geography. Its biota includes textbook 
examples of adaptive radiation, such as the 
Galapagos finches, the honey-creepers and 
Drosophila of Hawaii, and the marsupials 
of Australia and New Guinea, Little 
< wonder then, that it has long held a fas- 
ination for biogeographers. 
The last major symposium on 
Pacific Basin biogeography was 
convened 21 years ago in 
Honolulu at the 10th Pacific 
Science Congress, by J.L. 
Gressitt!'. For the recent 10th 
annual meeting of the 
Association of Systematics 
Collections* Gressitt again 
organized a symposium on 
Pacific Basin biogeography at 
Honolulu’s Bishop Museum. 
Sadly, the symposium took 
place without him — a month 
before the conference he died in 
an aeroplane crash in China. 
The 1961 symposium was 
marked by polemical dis- 
cussions about the relative 
contributions of long-distance 
overwater dispersal, former 
land bridges and continental 
drift to the founding of Pacific 
biotas. Proponents of one 
factor often dismissed the 
possibility of any significant 
role of the other factors in 
scathing terms, In retrospect, 
we can now see that the pole- 
mics arose because convincing 
evidence to settle the dispute 
was unavailable in 1961. At that 
time it equally strained one’s 
credulity to accept that 
continental drift had occurred, 
or to accept that long-distance 
dispersal could explain 
everything in the absence of 
drift. In the following 21 years new types of 
_. evidence have made continental drift an 
accepted fact. Participants at the 1982 
- symposium took it for granted that drift 





— and dispersal were both significant, and 


they proceeded without polemics to seek 
explanations for distributional patterns in 
terms of both. 

Carson’s studies on Hawaiian 
... Drosophila provide a good example. In 





*The participants in the symposium were P. Raven (Missouri 
Garden, St Louis}, E. Kay and H, Carson (University of 
Hawaii, Honolulu), J, Diamond (UCLA), T. Stuessy (Ohio State 


University), E. Bousfield iNational Museum of Natural Sciences, 


Ottawa), J. Holloway (Commonwealth institute.of Entomology, 
London), P, Morat (ORSTOM, Noumea) and F., Fosberg (US 
National Museum of Natural History, Washington DC). 
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The biogeography of the Pacific B 


Hawaii, this genus is represented by 
hundreds of endemic species, whose inter- 
relationships can be determined from the 
banding patterns of giant chromosomes’. 
For all of the 26 large picture-winged 
species of Big Island, the nearest relative 
among the species on the older islands of 
Maui, Oahu and Kauai (respectively 1.8, 
3.3 and 5.6 Myr old) has been identified. As 
Big Island is only 700,000 years old, these 
26 populations (25 of them endemic to Big 
Island at the species level) must have arisen 





Above, Pacific distribution of herons of genus Egretta, resulting from 
overwater dispersal that continues today. These birds are strong fliers 
and reach almost every scrap of land in the Pacific, no matter how 
remote, Herons have landed on ships in mid-ocean thousands of miles 
from land. Below, Pacific distribution of araucarias, resulting from 
continental drift. The huge cones and large seeds of these trees are 
unsuitable for overwater dispersal. 
confined to South America (1), New Caledonia (2), Norfolk Island (3), 
Queensland (4) and New Guinea (5). After the breakup of the 
supercontinent Gondwanaland 50-100 Myr ago, araucarias survived on 
some of its fragments and were rafted by continental drift to their 
present locations. On other fragments, 
Zealand, India and South Africa, araucarias became extinct and are 


known only as fossils. 


within that time by overwater coloniza- 
tions from. known sources, followed by re- 
organization of the gene pool (see J.S. 
Jones News & Views 289 743; 1981). One 
infers similarly rapid speciation in the 
Hawaiian honey-creepers (Drepanididae) 
and other Hawaiian taxa, and in the tree 
sunflowers of the Juan Fernandez islands 
(about 1-4 Myr old). 

Yet biochemical dating indicates that the 
Hawaiian Drosophila? and honey- 
creepers* diverged from their mainland 
relatives at a date estimated at 15-42 Myr 
ago, considerably before the oldest of the 
existing Hawaiian high islands rose above 
the sea! The explanation is that the existing 


Today, native araucarias are 


such as Antarctica, New 












Hawaiian high islands are merely the | 
youngest in a chain of volcanoes formed by — 
relative motion of the Pacific Plate and a 
volcanic hot spot, and subject to gradual 
erosion and submergence after formation. 
The Hawaiian low islands (11-27 Myr old) 
and the submerged Emperor Seamounts 
(37-70 Myr old) are the modern remains of 
older high islands on which the ancestors of 
the Hawaiian Drosophila and honey- 
creepers presumably made their initial 
colonization and then diverged. 

In contrast to this explosive 
radiation of Drosophila, some 
other taxa, such as ferns, bats, 
inshore marine fishes and 
molluscs, and plants of coral 
atolls, exhibit little or no local 
adaptive radiation and little 
local endemism beyond the 
species level on Pacific islands 
east of New Guinea. At the 
opposite extreme, achatinellid 
land snails have evolved 
numerous endemic genera on 
Hawaii, Juan Fernandez and 
the Australs, including nine 
endemic genera and one nearly 
endemic subfamily on the small- 
(16 mi?) island of Rapa alone*! © 
Numerous groups of insects 
and flowering plants are also 
prone to local endemism and 
adaptive radiation, while 
Pacific land birds have radiated 
only on Hawaii, the Galapagos 
and New Zealand and belong 
elsewhere mainly to New 
Guinea genera or closely related 
genera, Why such differences 
among taxa? A large part of the 
explanation is intertaxon 
differences in dispersal ability. 
Differentiation and radiation 
proceed rapidly when a rare 
colonist of a sedentary group, 
such as land snails, reaches 
an island. However, differ- . 
entiation and radiation are 
inhibited by the rain of colonists 
in mobile species such 
as ferns, with their wind-borne spores, or 
marine fish and molluscs, with their 
planktonic larvae. Another relevant factor 
is inter-taxon differences in propensity for 
evolutionary losses of dispersal ability®’: 
colonizing birds and insects often evolve to 
become literally flightless, and plants 
figuratively so, but there is no case of a < 
flightless bat (how could one forage?). 

A major contribution of continental 
drift has been to clarify how certain taxa of 
poor overwater crossing ability came to 
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have far-flung representatives on New 
Caledonia, New Zealand, Australia, New 
Guinea and South America. The numerous 
examples include southern beech 
(Nothofagus), hoop pines (Araucaria), 
A ‘supials, leptodactylid frogs, 
jopine carabid beetles and peloridiid 
It was tacitly assumed without argu- 
at the 1982 symposium, and hotly 
ited at the 1961 symposium, that these 
-land masses were formerly joined in 
= Gondwanaland and that these taxa were 
- rafted to their present locations by the 
motion of Gondwanaland’s fragments. 
Yet a mystery remains why the rafted sur- 
vivors constitute such a selective fraction of 
Gondwanaland’s former biota. With the 
doubtful exception of a flightless bird (the 

- Kagu), New Caledonia has no Gondwanan 
relict vertebrates: in fact its only other 
flightless vertebrates are some lizards and 
one other flightless bird, endemic but 
recently derived. The sole candidates for 
--Gondwanan relict vertebrates on New 
Zealand are its flightless birds, its two frogs 
and a primitive reptile (the Tuatara). How 









Warts and all 


. from M. Saveria Campo 


THE last few years have seen a remarkable 
= progress in our knowledge of papil- 
lomaviruses, as was very evident at a recent 
workshop* involving clinicians, patho- 
logists and virologists and held in Freiburg. 
Papillomaviruses are the aetiological 
agents of papillomas or warts in their 
natural hosts, and are widespread and 
heterogeneous: so far twelve different 
types of human papillomavirus (HPV1~12) 
and six types of bovine papillomavirus 
oo (BPV1-6) have been characterized (Orth, 
» Institut Pasteur; Jarrett, University of 
; Glasgow). 
pas Although originally benign, some papil- 
pa lomas can become malignant under the 
influence of environmental and genetic 
factors, as in the case of epidermodysplasia 
verruciformis lesions in humans', 
papillomas of the upper alimentary tract in 
cattle? and papillomas of the cottontail 
rabbit’. 

In addition to these well documented 
cases, ample evidence was presented at the 
workshop of the possible pathogenic role 
of papillomaviruses in some anogenital 

“malignancies in humans. Thus, HPV6 
~ DNA has been found in several types of 
= genital warts (Gissmann, University of 

_ Freiburg; Mounts, Johns Hopkins Medical 
School; Grussendorf, University of 
~ Aachen; De Villiers, Onderstepoort, 
» Pretoria) and HPV particles and antigens 
>, have been detected in anal warts (Oriel, 








+The workshop on 'Papillomaviruses and Cancer’ was held in 
Freiburg, 7-8 April 1982, and was sponsored by the Deutsche 
Forschungsgemeinshaft. 
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did New Caledonia and New Zealand come 
to lack marsupials and other Gondwanan 
vertebrates that survived in Australia and 
South America? Could New Caledonia and 
New Zealand somehow have acquired 
Gondwanan trees without the vertebrates 
living in them, and Gondwanan insects 
without the vertebrates eating them®? Or, 
did most of the old vertebrates become 
extinct in the confined areas of New 
Caledonia and New Zealand, because 
vertebrates require larger areas for long- 
term survival than do many insects and 
plants? Could some of the flying birds of 
Australia be Gondwanan relicts, like the 
marsupials”:!°? g 
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University College London) and in several 
lesions of the uterine cervix (Pixley, 
University of Western Australia; Rilke, 
Istituto dei Tumori, Milan; Meisel; Morin, 
University of Quebec; Braun, Johns 
Hopkins Medical School). Both anal and 
genital warts have occasionally been found 
associated with malignant tumours. 

In a particularly extensive survey of 
250,000 unselected individuals, Meisel 
found that about two-thirds of the cases of 
mild and moderate atypia of the cervix are 
in fact papillomavirus-induced flat warts. 
In amore selected sample of cone biopsies, 
flat warts were frequently found associated 
with cervical displasia, in situ carcinoma 
and microinvasive carcinoma. These find- 
ings confirmed the view held by the clini- 
cians and the pathologists present at the 
workshop that, although it is commonly 
accepted that severe atypia of the cervix is 
the result of direct progression from mild 
and moderate atypia, most cases of the 
latter are in fact papillomavirus lesions, 
and thus different entities from severe 
atypia. However, the question of whether 
or not there is a direct transformation from 
flat warts to frankly malignant structures is 
still open. 

Perhaps the most striking and best 
known example of the malignant con- 
version of virus-induced tumours is pro- 
vided by epidermodysplasia verruciformis 
(Orth; Jablonska, Warsaw Medical 
School). Several types of HPVs with differ- 
ent degrees of oncogenicity have been 
found in EV lesions, but despite this multi- 


‘plicity, only HPVS DNA is found in the 


squamous carcinomas, as multiple non- 
integrated episomes (Orth; Jablonska; 
Pfister, University of Freiburg; Faras, 
University of Minnesota). 

Malignant transformation of papillomas 
is observed also in animals, where the 
synergism between the virus and other co- 
carcinogens can be studied experimentally, i 

Injection of bovine papillomavirusinthe _ 
urinary bladder of cattle causes lesions — 
which usually regress with time, but can- 
occasionally progress to malignancy, par 
ticularly in animals eating bracken fern 
(Olson, University of Wisconsin), which 
contains both immunosuppressant and co- 
carcinogenic substances‘. na 

Papillomatosis of the upper alimentary : 
canal, adenocarcinomas of the large in- — 
testine, and transitional carcinomas and 
haemangiosarcomas of the urinary bladder. 
have been experimentally reproduced im- 
cattle injected with virus and either fed with . - 
bracken or immunosuppressed with azo- 
thioprene. Non-integrated multiple copies 
of viral DNA have been found in both the 
experimentally induced bladder cancers 
and in naturally occurring ones (Jarrett). 

Multiple copies of non-integrated non- 
methylated BPV DNA have been found 
also in in vitro transformed cells (Moar, 
University of Edinburgh; Pfister). Non- 
integration and non-methylation of pap- ©. 
jllomavirus genomes in tumours and trans- = 
formed cells seems to be the general rule. 
One exception, however, is provided by 
papillomas and carcinomas induced by the — 
cottontail rabbit papillomavirus in the- 
domestic rabbit, where the viral DNA is 
partially methylated and some of it is 
integrated as long tandem repeats 
(Wettstein, University of California, Los 
Angeles). 

The complete DNA sequences of BPVi 
(7,945 base pairs; obtained by Chen, 
Levison and Seeburg of Genentech, and 
presented by Howley, National Cancer 
Institute, Bethesda) and of HPV1 (7,811 
base pairs; Danos, Institut Pasteur) and the 
almost complete sequence of HPV6 (6,860 
base pairs; Schwarz, University of 
Freiburg) were presented. In all cases, the- 
viral genetic information is probably con- 
tained in only one strand, where four over- — 
lapping coding regions have been identi- 
fied, as the other strand is blocked by stop 
codons in all three frames. The pre- 
sumptive genes for both structural and 
non-structural proteins have been iden- 
tified, and several putative splicing signals 
have been found in the non-structural 
region, strongly suggesting that 
appropriate splicing may generate a variety 
of transcripts. 

The interpretation of the sequence data ` 
is coroborated by the mapping of the BPV1 
transcripts. In productive warts (Howley; | 
Amtmann, Cancer Research Center, — 
Heidelberg), RNA species are found which 2 






































































M. Saveria Campo is at The Beatson Institui Ts 
for Cancer Research, Garscube Este 
Switchback Road, Glasgow G61 IBD. ae 








~ are absent in non-productive transformed. 
cells and which only hybridize to the 30 per 
cent DNA fragment that is not necessary 
for cell transformation and contains the 
putative structural genes. These RNAs can 
be translated in vitro, and their polypeptide 
products appear to be genuine capsid pro- 
teins (Howley). 

Four viral RNA species have been 
identified in BPV1l-transformed cells, 
which, not surprisingly, hybridize to the 70 
per cent DNA fragment capable of cellular 
transformation and thought to encode the 
non-structural viral antigens (Amtmann; 
_ Freese, University of Freiburg). More sur- 
< prisingly, they are all co-terminal at their 3’ 
< end, but extend for different lengths to the 

<5 end where a 5’-leader sequence has been 
: found (Amtmann). Thus, during the 
genesis of the non-structural BPV RNAs, 


from Mervyn Turner 


PARASITES have evolved many methods of 
evading the immune system of their host', 
but perhaps none is so spectacular as the 
mechanism of antigenic variation adopted 
by the salivarian trypanosomes. These 
tsetse fly-transmitted parasites inhabit the 
bloodstream and tissue spaces of their 
mammalian hosts, where they rapidly 
stimulate the production of trypanocidal 
antibody. Before all the trypanosomes can 
be eliminated, however, antigenically 
distinct variants appear in the bloodstream 
which perpetuate the infection until they in 
turn are removed by antibody. Usually, the 
trypanosome can outstrip the immune 
system in this cycle, which leads eventually 
to the death of the host. How can such a 
simple eukaryotic organism produce 
sufficient antigenically distinct forms to 





possessed by the host for the generation of 
antibody diversity? 

The antigenic profile of the trypanosome 
is governed by the structure of its surface 
coat, which in turn is made up of a densely 
packed layer of glycoprotein molecules, 
the variant surface glycoproteins (VSGs), 
whose composition is unique for each 
_ variant antigen type. The trypanosome 
<- genome contains in excess of 100 variant 


duplication and mutation’, and by 
- controlling the expression of these genes, 
the trypanosome is able to parade a 
sequence of different variants past the 
immune system of the host. Naturally, the 
=: mechanism by which expression is 
- controlled has attracted much attention 
and a recent edition of Nature contains a 


which is sure to add fuel to the controversy 
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subvert the sophisticated mechanisms 


antigen genes probably generated by gene, 


contribution (Majiwa et al. 297, 514; 1982). 





s'-leader sequence would be 
spliced onto different bodies, to give rise to 
a family of several distinct transcripts, as 
predicted from the sequence data. 

By the end of the workshop it had 
become clear that, if the progress of our 
knowledge of papillomaviruses continues 
at the same break-neck speed of the past 
few years, we can soon expect to learn 
about their mechanisms for interaction 
with, and transformation of, the host 
cell. Lo 
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Antigenic variation in 
the trypanosome 


surrounding the subject, Furthermore, a 
second contribution this week (Rice-Ficht 
et al., p. 676) shows how the trypanosome 
may have developed a mechanism to 
extend its repertoire of antigens, perhaps 
indefinitely. 

It has been clear for some time that VSG 
genes are capable of undergoing re- 
arrangements. These rearrangements do 
not generate new variants in a fashion 
analogous to that used by immuno- 
globulins, but they are detected as 
alterations in the sequences flanking the 
VSG gene. Thus, Hoeijmakers et al? 
showed that expression of some VSG genes 
is accompanied by the generation of an 
additional copy of that gene, the 
expression-linked copy (ELC), in a 
different chromosomal location. Similar 
findings have been reported from other 
laboratories’, and Pays et al., by 
comparing the sensitivity to DNase I of 
both the basic copy and ELC of a VSG 
gene, concluded that the ELC was in 
transcriptionally active chromatin. To 
date, it has not proved possible to clone the 
ELC, but on the basis of R-looping, S, 
nulease protection experiments and 
comparison of restriction enzyme sites in 
cDNA and in the ELC it has become 
apparent that VSG gene activation involves 
a duplication-transposition mechanism in 
which the 3’ end of the gene is replaced in 
the formation of the ELC®. 

Sequencing of cDNA clones has revealed 
that the 3’ region of VSG mRNA encodes a 
17-23 amino acid C-terminal extension’. 


Mervyn Turner is at the University of 
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iti is presumed that this largely hydr 











sequence serves to anchor the VSG to the 
membrane at some stage during its bio- 
synthesis, although it is certainly absent 
from mature VSGs. One possibility is that 
VSG gene activation involves the genera- 
tion of a functional end, but DNA 
sequencing has shown that the codons 
specifying the hydrophobic tail are present 
in the basic copy genes’. The 
recombination event at the 3’ end of the 
gene that leads to the generation of an ELC 
probably takes place just outside the 
coding region. In contrast, comparison of 
restriction enzyme sites around basic copy 
and ELC genes shows that a 1-2 kilobase 
(kb) 5° sequence is transposed with the gene 
in the generation of the ELC". It is not 
known whether this sequence contains the 
promoter sequences allowing VSG ex- 
pression when placed in transcriptionally 
active chromatin, or whether such 
promoters are present only at the 
expression locus. Nor is it known at what 
stage in the cell cycle of the bloodstream 
trypomastigote this duplication/trans- 
position occurs. 

So much is clear. What is in dispute is 
whether activation of VSG genes can occur 
only by the generation of an ELC. In 
particular, a group working at the 
International Laboratory for Research on 
Animal Diseases (ILRAD), Kenya, has 
consistently claimed. that expression need 
not be linked to a specific duplication- < 
transposition event. Thus an early analysis 
of one VSG gene was consistent with the 
presence of two gene copies, irrespective of 
whether that gene was being expressed or 
not!!.!?. Sequence rearrangements around 
the two copies were observed in all 
trypanosome clones, even in different 
clones expressing the same antigen, and 
restriction enzyme mapping was 
compatible with the insertion and deletion 
of lengths of DNA between the 3’ end of the 
cloned cDNA sequence and a group of 
restriction enzyme sites some 5-15 kb 
downstream from the end of the gene. No 
alterations in sequence were observed 
within at least 1-5 kb upstream from the 5’ 
end of the cDNA sequence used as a probe. 
These results have now been extended to an 
analysis of VSG gene rearrangements in 
three different variants, A, B and C, all 
related by descent from a common, single 
trypanosome (see Majiwa etal, Nature 297, 
514; 1982), and surprisingly, each of the 
three variant antigen genes behaves 
differently. Probes specific for variant A 
recognize the same single fragment in 
Southern blots of total genome digests 
from variants A, B and C when using 
restriction enzymes which do not cut the | 
cDNA, but also recognize an additional, — 
larger fragment in DNA from the clone 
expressing VSG A. Such results are fully 
consistent with the ELC model. In 
contrast, as in the earlier studies, probes 
specific for VSG B recognize two 
fragments in the DNA from cells 
expressing VSGs A, B or C, but the size of 


© 1982 Macmillan Journals Lid 


both fragments differs in each variant. Has 
B lost its basic copy gene? This seems 
unlikely, because B was generated from A, 

which should therefore contain the basic 
copy of gene B. Is one of the B genes in an 
ynment such that it is susceptible to 
ion of DNase I? Are both copies 
in chromosomal DNA? Answers to 
i questions are unknown. There appear 
-to þe four copies of gene C, in clones A, B 
and C. Two copies are invariant, whereas 
._ the sizes of the fragments carrying the other 
















~~ two genes alters in a way similar to that 


observed for variant antigen B. 

Such results imply that different 
mechanisms may exist to control 
expression of VSG genes. The ELC model 
is attractive because it offers a ready 
explanation for control of antigenic 
=: Variation, but as the principal proponents 

=~ of the model themselves admit?, not all 
the data are consistent with generation of 
an ELC. Another problem relates to the 
ploidy of trypanosomes. It has been 
estimated that ELC genes and basic copy 
genes exist in a ratio of 1:1 (ref. 4). If this 
estimate is correct, and if trypanosomes are 
diploid as generally assumed!}, this implies 
coordinate expression of the products of 
two alleles. If the estimate is incorrect, 
some mechanism of allelic exclusion must 
operate. Such problems are not resolved by 
.. Incorporating the results of the ILRAD 
- . group for their findings suggest no obvious 
mechanism for the control of antigenic 
variation. The two B-specific genes 
_ identified could, for example, be allelic 
forms of the same antigen, but it is not 
apparent how expression of each is 
controlled. Is one copy silent, and can the 
other be activated? Hence the importance 
of the DNase I protection experiment. 
Perhaps a very large fragment of DNA 
(>50 kb) is transposed into a site allowing 
expression. Such a phenomenon could be 
identified only by using restriction enzymes 
which cut outside the transposed unit and a 
detection system which allowed resolution 
of very large fragments. All groups agree 
that the sequence on the 3’ side of the active 
gene is unusual’! in that it is apparently 
devoid of restriction enzyme sites for up to 
15 kb, and is therefore presumably a simple 
repetitive sequence. The apparent 
clustering of many restriction enzyme sites 
at the end of this sequence could represent 
the end of the DNA molecule. Resolution 
of these paradoxes is awaited with interest. 

As a further sophistication, VSG genes 
appear to be capable of localized ‘somatic’ 
hypermutation which may extend the 
antigenic diversity yet further. Sequence 
analyses of VSGs have shown that the 
N-terminal 350-400 amino acids are highly 
variable. The next 100 or so amino acids 
= form a homology region which can be used 

to divide VSGs into two subsets, followed 
by the hydrophobic tail of about 20 amino 
acids which is absent from mature 
VSGs78.'4-16 Rice-Ficht et al. (see p.676) 
have now compared the DNA sequence of 
the basic copy gene with cDNA sequences 
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100; years ago 


We observe that a correspondent of a daily 
paper proposes that men addicted to the 
pursuits of science should be called scientiates, 
after the Italian scienziati; and in like manner 
the studies of science, sciential studies (studj 
scienziali), The substitution of the American 
scientist for our unsatisfactory phrase men of 
science 1s of course much to be deprecated; 
perhaps we shall come to accept Sir William 
Thomson’s proposed use of naturalist for the 
designation in question, if its sense may be 
extended. Scientific studies is a phrase which 
cannot be commended for accuracy. 


A curious and little-known experiment, 
showing the resistance of the air in guns, is 


corresponding to the mRNA transcribed 
from the ELC of variant antigen gene A 
described by Majiwa et al. Surprisingly, 
considerable differences were observed in 
the variable region and in the C-terminal 
hydrophobic tail, amounting to nucleotide 
changes at four per cent of all codon 
positions. The homology region is identical 
in the two sequences. As previously 
recorded, the 3'-non-translated sequences 
are quite different in the two clones, 
consistent with generation of the ELC 
through recombination in this region. 
What could be the significance of such 
findings? 

One possibility, which cannot be 
rigorously excluded, is that the ‘wrong’ 
basic copy gene has been cloned and 
sequenced. A second is that cDNA cloning 
artefacts are responsible. However, 
sequences from different cDNA clones 
were compared and found to be identical, 
and cloning artefacts are unlikely to respect 
homology regions. The assumption must 
therefore be that such sequence alterations 
are generated in the formation of the ELC, 
with the possibilities for ‘somatic’ diversity 
that that implies. Changes at nine per cent 
of codon positions in the influenza 
haemagglutinin are sufficient to produce 
new variants, corresponding to alterations 
at four antigenic determinants!’ , hence the 
trypanosome may be using this mechanism 
to extend enormously its repertoire of 
VSGs. 

Two difficulties remain. First, only half 
the VSG variable region has so far been 
analysed in this way. Does the N-terminal 
region show similar hypermutation? 
Second, how much of this variable region is 
exposed on the trypanosome? It has been 
known for some time that immunizations 
with either living trypanosomes, or pure 
VSG can lead to the production of a high 
proportion of variant-specific monoclonal 
antibodies which will react with soluble 
VSG, but not with the surface of the 











described = Prof. Daniel Colladon, of. 
Geneva. 








screwed up the gun, he introduced a round | 
lead ball, running freely, but nearly filling the | 
bore; then, placing the gun vertical, he seized | 
the upper end and pressed his thumb 








vigorously on the mouth. The gun was:then | — 






“fired” by an assistant; the thumb remained. 






in position, and the ball was heard to fall back | 
in the bore. Thereupon, after recharging the | 
breech and with the same ball, he shot the | © 
latter at a pine board about 4in. thick and it | 
passed through. The experiment, M. Colladon | 










says, is without danger, if the operator is sure. | 
of the strength of his thumb, if the gun is more 
than 32in. long, and if the ball is spherical and 
nearly fills the gun (in which it must act like a 
piston). While M. Colladon has repeated the 
experiment twenty or thirty times, without the 
least inconvenience a trial of it is perhaps 
hardly to be recommended. 

From Nature 26, 353; August 10, 1882. 



















trypanosome!®:!9, 

Trypanosomes readily shed their VSG 
during infection, so much of the immune 
response must be against soluble VSG, but 
why have variant-specific determinants on 
soluble VSGs which are not exposed on the 
surface of the trypanosome, and which are 
therefore not under selective pressure? Of 
the several potential antigenic 
determinants on the VSG molecule only a 
small number may be exposed on the 
closely packed surface coat, and such sites 
may be ‘hot spots’ for the ‘somatic’ 
hypermutation described by Rice-Ficht et 
al, For the trypanosome to then induce the 
host to make variant-specific antibody 
which cannot recognize the trypanosome 
surface could be a diversionary form of 
antigenic competition which surely would 
be the ultimate caprice of this virtuoso 
parasite? a 
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It resembles a feat that was | — 
sometimes performed by soldiers with the old |. 
Swiss carbines. M, Colladon fully charged |- 
with compressed air the hollow iron breech of | - 
an air-gun, serving as reservoir. Having |- 


wi 





from A. Pestana and E. Muñoz 


DurinG May and June, 1981, an epidemic 
outbreak of interstitial pneumonitis 
occurred in Spain. Over 20,000 people were 
affected, and nearly five per cent subse- 
quently developed persistent neuro- 
distrophic- and schlerodermia-like 
conditions. More than 300 people have 
died. The disease, at first attributed to a 
never isolated mycoplasm, is now thought 
to be due to the consumption of adul- 


...terated cooking oil containing the 


processed products of crude rapeseed oil 
denatured with 2 per cent aniline. The oil 
was. enriched in fatty acid anilides (up to 
2,000 p.p.m.) and almost freed from 


ee _aniline (less than 30 p.p.m.), as a result of 


thermal processing (220°C) under vacuum. 

Comprehensive research into the causes 
of the toxic oil syndrome was slow to start 
but tremendous efforts are now being 
made by many clinical and research 
institutes — although lack of effective co- 
ordination still remains a problem. Pro- 
gress made so far was reviewed at a 
National Symposium! organized by the 
‘Ministry of Health and held in Madrid on 
11-12 June. 

Initial doubts about the toxicity of 
anilides and uncertainties in the cause- 
effect relationships between the disease 
and the available samples of suspicious oils 
led the Consejo Superior Investigaciones 
Cientificas (CSIC) to a research pro- 
gramme based on two priorities. First, a 
series of screening tests of a wide sample of 
oils was to be carried out in HeLa cells to 
uncover toxic factors, Second, a com- 
parative study of synthetic anilides and sus- 
picious oils would be made in several 
animal models, such as chick embryo, 
mouse, rat and rabbits. After 9 months of 
intensive research, a working hypothesis of 
the toxic oil syndrome can be put forward 
in light of the clinical findings reported at 
the meeting. 

Toxicological screening of more than 
100 samples of oil led the CSIC researchers 
to conclude that the in vitro test is probably 
not directly relevant to human and animal 
pathology. No correlation was found 
- between cell toxicity and anilide content of 
the oils, and the synthetic anilides were 
= found to be almost devoid of in vitro 
toxicity. The direct toxicity of the oils 
seems to depend on their content of free 
linoleic acid and/or its oxidation products, 
such as hydroxy and epoxy derivatives. 

Most of the suspicious oils were found to 
be a mixture of vegetable oils (rapeseed, 
olive seeds and grapeseeds) and liquid fats, 
extracted from lard. Their average linoleic 





A. Pestaña, Instituto de Enzimologia, CSIC, is 
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programme on toxic oil syndrome and E. 
Muñoz, Unidad de Biomembranas, Centro de 
Investigaciones Biológicas, is Vicepresident for 
Scientific Affairs at the CSIC. 


acid content was high (42 per cent of the 
total fatty acid) and their content of lipid 
peroxides was also very high (four times 
higher than the legal limits, on average). 
Furthermore, all the oil samples were very 
susceptible to oxidative damage, indicating 
a low content of natural antioxidants, the 
tocopherols. 

As it is generally thought that the toco- 
pherols (vitamin E compounds) mainly 
function as antioxidants for unsaturated 
lipids and so protect lipid membranes from 
attack by free radicals, it is possible that 
consumers of the oil mixtures may have 
developed vitamin E deficiency. They 
would have been subjected both to a higher 
requirement for vitamin E (because of the 
oil’s high linoleic and peroxide contents) 
and to a decreased dietary supply (because 
of the oil’s lack of tocopherols). 

We do not, however,believe that this 
would suffice to explain the epidemic out- 
break of the toxic oil syndrome as suggested 
by McMurray”, since it is generally accepted 
that similar mixtures (devoid of anilides) 
have been fraudulently marketed for years. 
But we think that it must be considered an 
important pathogenic factor, in association 
with fatty acid anilides or their presumed 
imino-quinone derivatives, as has been 
shown with p-hydroxy acetanilides? . 

There are no clinical data in support of 
free radical pathology. A systematic study 
of the vitamin E content in humans 
affected by the toxic oil syndrome is also 
lacking. However, an increase in the pro- 
duct of peroxidative damage of membrane 
lipids (assayable with thiobarbituric acid) 
has been reported in human necropsies and 
experimental animals after anilide treat- 
ment. A marked decrease in T-cell 
immunosupressive functions in toxic oil 
syndrome patients, which is an expected 
result of free-radical pathology* and 
vitamin E deficiency’, was also reported. 

Working with chicken embryo, Garcia- 
Gancedo ef al. have shown that the toxic 
effects of synthetic anilides can be pre- 
vented by the simultaneous administration 
of tocopherol. The result indicates that the 
anilides are acting, at least in this experi- 
mental model, through a toxic route sus- 
ceptible to free radical scavengers. Clinical 
trials with vitamin E were ineffective, but it 
should be remembered that the disease was 
at an advanced stage when the treatment 
was applied. 

The experiments employing chicken 
embryo, carried out by the CSIC, deserve a 
few comments. First, the toxicity of ani- 
lides is dose related. Second, toxicity 
appears only 2-3 days after hatching and 
does not affect embryonic development, 
suggesting the involvement of inhaled 
oxygen on the toxicity of anilides. Last, but 
not least, the toxic syndrome in chicken 
evolves rapidly towards respiratory distress 


and paralysis. 













‘Histopathological study of | 
the affected animals reveals a perivascular 
infiltrate with eosinophils, interstitial 
pneumonitis with abundant eosinophils in 
the alveolar lumen and widespread lesions 
in the cerebellum, with pycnotic degener- 
ation of the Purkinje cells and vacuolar — 
degeneration of the white matter. These 
same pathological signs were found in 
rabbits treated with low doses of synthetic 
anilides. 

Work with rabbits was aimed at eluci- 
dating the involvement of immunological 
mechanism in the toxicity of anilides — a 
possibility that arises from the clinical signs 
(fever, rash with marked eosinophilia and 
large titres of IgE) and the structural 
relationships between anilides and penta- 
decil cathecol, the agent of the delayed 
hypersensitivity to poison ivy’. Rabbits 
treated for 15 days with oral anilides (10 ug 
per kg) showed a typical delayed response 
in a skin test with anilides and titratable 
antibodies against the same synthetic 
anilides. Moreover, anilide-treated 
animals developed a syndrome of pro- 
gressive paralysis and the cerebellar lesions 
(Purkinje cells and white matter) described 
above, in close resemblance to the Gordon 
phenomenon’. In addition, eosinophilic 
infiltrates were seen in the skin lesions after 
challenge with anilides and in the pia madre 
around the cerebellar cortex. 

Some results from human necropsies 
indicate the occurrence of similar lesions in 
human brains. There is also histochemical 
and electron microscopic evidence (Rycoll, 
personal communication) of peroxidase- 
positive granula in the vicinity of the neural 
lesions observed in muscle biopsies from 
toxic oil patients. 

On the basis of these clinical and experi- 
mental observations, we think that the 
pathogenesis of the toxic oil syndrome 
could be explained by an eosinophil- 
mediated cytotoxicity, probably directed 
by specific antibodies towards anilides, 
that could be incorporated in the cellular - 
plasma membranes®. These inmuno- 
pathological causative effects (relatively 
well documented in toxic oil syndrome 
humans with depression in T-cell supressor 
functions, eosinophilia, high IgE levels and 
autoantibodies) could have arisen through 
the synergistic effects of anilides and the 
peroxidative status, resulting from the 
poor nutritional quality of the oil mixtures. 
Although we do not exclude other patho- 
genic possibilities, we think that these ideas 
may provide a conceptual framework and 
working hypothesis by which the Spanish 
toxic oil syndrome could be experimentally 
approached. O 
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Free-oscillation data reveal heterogeneity in the Earth’s mantle whose geographical pattern is dominated by spherical : 
harmonics of angular degree two and correlates well with the hydrostatically referenced geoid. The heterogeneity can be- 
modelled as localized in the transition zone (420-670 km depth) and may be related to a large-scale component of 


“mantle convection. 





THE study of the Earth’s lateral, or aspherical, heterogeneity 
using long-period seismic observations has since 1966’ been 
based on the ‘pure-path’ approximation; variations in the phase 
velocities of travelling waves are represented as a sum of their 
fractional dispersion across several types of tectonic structures. 
Recently, this sort of analysis has been extended to normal- 
mode frequency shifts’. We investigate here a new data set of 
nearly 4,000 fundamental-mode frequencies measured from 
over 500 records of the International Deployment of 
Accelerometers (IDA) network. The extensive coverage pro- 
vided by these measurements shows that the present schemes 
of tectonic regionalization are inappropriate at periods longer 
- than ~200s; the lateral heterogeneity revealed by the low- 
~~ order fundamental modes is more suitably represented by a 
_ spherical-harmonic expansion with the dominant power in the 
_ degree-two terms. A drawback of this representation is that 
the data do not constrain the odd-order harmonics™*, a fact 
<- which must be kept in mind when interpreting the observed 
patterns. The source of the observed signal cannot be deter- 
mined unambiguously, but our analysis suggests that the transi- 
tion zone of the Earth’s mantle (between about 400 and 700 km 
depth) is the most plausible location of the dominant 
heterogeneity. 


Observations of fundamental-mode 
_ frequencies 


In a recent study of fundamental-mode attenuation the complex 
. frequencies of the modes oS, to o4 from 557 IDA recordings 
< were measured’. Because the primary goal was to obtain reliable 
Q determinations, only large-amplitude peaks showing little 
signs of overtone interference or beating due to splitting were 
retained. A by-product of this analysis was 3,934 reliable 
measurements of fundamental-mode frequencies, forming the 
data base for the present study. Below /=39 each mode has 
an average of 118 independent observations, but the number 
of measurements decreases rapidly at higher angular orders. 
The modes above /=43 had <20 observations and were 
dropped from the data set. A complete account of the data 
analysis techniques can be found in ref. 5. 

A convenient way of displaying the data is to plot the 
observed frequency shifts at the location of the pole of the 
. great circle joining the source and receiver. In the geometrical 
optics limit, when the horizontal wavelength of the 
. heterogeneity is much greater than that of the mode, the 
frequency shift is solely a function of the pole position’. If this 
¿ condition is not met in the Earth, then effects not described by 
. this asymptotic theory become important, and a more complete 
` interpretation may be required®’. In particular, the exact first- 
— order expressions for the frequency shifts depend on the details 
- of the source mechanisms, so that if Rep-asymplone ener 
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were to dominate the signal, the apparent frequencies would 


not be a smooth function of pole position. Figure 1 shows the = 


frequency shifts for several sets of angular orders. The patterns 


revealed by these diagrams have a large-scale simplicity and 
are consistent from angular order to angular order, this suggests = 
that the geometrical optics limit is a valid approximation and ~ 


that the asymptotic theory can provide an adequate framework 
for the interpretation of the data. 

Theoretical developments” define the peak location in terms. 
of the ratio of the first polynomial moment of the multiplet 
spectrum to its zeroth moment, an estimator employed in the 
first systematic observational study’. The values used here were 


derived by least-squares fitting of a singlet shape to the observed | F 


spectrum”. However, for the large-amplitude, singlet-like peaks 


considered in the present study, these different estimators give aS n 
almost identical results, a behaviour consistent with the >- 


asymptotic theory”. The least-squares estimation technique is 
less sensitive to contamination by nearby higher modes and has 
the additional benefit of a comprehensive error analysis’. The 
errors in the frequency estimates are typically 0.05%, roughly 
a factor of 10 less than the frequency variations ascribed to 
aspherical heterogeneity. 

One well determined feature of the Earth’s asphericity is its 
ellipticity of figure, which causes a positive frequency shift for 
poles at low latitudes and a negative shift at high latitudes. The 
expected variation with latitude—amounting to 2.2 wHz for oss 
and 9.3 wHz for oS4,—is evident at low angular orders, but 
above /=16 or so it disappears almost completely.. This 
behaviour has been attributed by Silver and Jordan’ to the 
existence of some sort of lateral heterogeneity which, in terms 
of its effects on the fundamental spheroidal modes, is anti- 
correlated with the ellipticity of figure. The present study 
confirms this conclusion. Because we believe the hydrostatic 
component of ellipticity is well modelled by the Clairaut theory, 


we have adopted an elliptical Earth as a reference model and 
have corrected the raw peak frequencies for this signal using 


the asymptotic formula derived by Dahlen’” 





Table 1 Localized models of degree-two aspherical heterogeneity 


Total — 

variance 

Normalized coefficients reduction 
Zone Amplitude* m? Resm? Imémi Rem? Im 8m3 i%) 


arma 


-0.17 012 0.62 52. 


1 1,84 ~0,70 0.27 

2 1.76 ~0.72 026 ~0.15 0.20 0.59 61 

3 2.10 ~0.69 025 -Q13 0.27 0.60 49 

4 7.74 ~0.67 0.26 -0.13 0.26 0.63 46 

5 10.62 ~0.70 0.26 -0.16 0.19 0.61 are 





‘as Amplitude of. the heterogeneity as a percentage of shear velocity; pernirb 
tions in density and compressional velocity are constrained to have fi 
amplitudes of 0.4 and 0.8 of the shear-velocity perturbation (see ey: 
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_ Models of the heterogeneity 

The elastic part of the terrestrial monopole is specified by 
mir) =[6(r), 6,(r), 6,(7)], wheres is radius (0<r <a = 6,371 km) 
= and f, 0, and 6, are the spherically averaged mass density, 
compressional velocity and shear velocity, respectively. The 





















; : : pr penioa by the D i 
Smi(r, 6, $)= 5. X miir) Yi (O, p) 


gs] ps eg 


(1) 


_s and order t; the conventions of Edmonds" are adopted, so so 
that. Y=- -1Y *, Because the perturbation is real, om," 
“(-1)ém? 


tions. to. the aspherical model (1) is well developed®*; for a 
ource and receiver connected by a great circle with pole at 
colatitude. @ and longitude ©, the peak frequency of a mode 
ob tadial order n and anger order >n is 





Q) 


_ degenerate eigenfrequency of the kth mode of this spherically 
symmetric model is denoted ð. Aspherical heterogeneity i 


_ The evince: first-order theory relating the multiplet loca- 


© = Okt E POE (Gotha ‘YH, ®) 
ged farm g 
d The coefficients i in this expänsion are given by 
| Goku)i=f n Mo“) : Bailey dr GB) 
‘ where. MẸ is a triplet of functional derivatives. com mputabl 
from the. eigenfunctions of the terrestrial monopole'”. | 


apparent eigenfrequency (2) can be shown to equal the great- — 
circular average ofthe ‘Weal eigenfrequency’ & 


kt Bais local (6, 0.) : 


Longitude (deg) 


Fig. 1 Multiplet-location data from selected fundamental spheroidal modes plotted at the poles of the great. circles connecting the sources 
and receivers. Frequency shifts are relative to the estimated degenerate cigenfrequencies of Fig. 2c. Symbol type indicates sign of the 
frequency shift (+, positive; ©, negative); symbol size indicates its magnitude (smallest symbols correspond to shifts of 0.0-0.1% ; the largest 
to 0.3-0.4% ). Dashed lines are the nodes of the best-fitting degree-two patterns for Sa...) uncorrected for ellipticity of figure; the patterns 

are very similar except for the P3 components, which are large for 1 = 8, 9 but small for the other modes shown. 
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whose harmonic coefficients are defined by equation (3), Such . 


averages place no constraints whatsoever on the odd-parity 
(s-odd) part of the aspherical perturbation, a point first noted 
by Backus? in his analysis of great-circle dispersion. Equations 


- (2) and (3) can be combined to give a linear inverse problem 


for the even part of ôm. l 
Alternatively, equation (2) can be solved directly for 8w fsan 
permitting an investigation of the even part of the spherical 


harmonic patterns underlying individual modes without — 


introducing the additional questions of nonuniqueness associ- 


ated with the complete inverse problem. Figure 2 shows the. 


| E Y, is the complex surface spherical harmonic of degree we results of this analysis assuming Sed iocet is TEpr esentable by 


harmonics of degree two. To reduce the variance and ensure. 
a good sampling of the sphere, the data from three consecutive © 
angular orders were combined in each calculation. The inver- 
sion determined estimates of the degenerate eigenfrequencies - 


and the complex coefficients of s=2, for a total of eight 
independent parameters per mode triplet. The coefficients in 


Fig. 2a have been normalized to unit power to facilitate com- 


parisons among the modes; their normalization scalars are 
shown in Fig. 2b. 

The estimated degenerate eienenn are plotted rela- 
tive to the PEM-A model’? 


in Fig. 2c, together with the weigh- 
: ted. means of the apparent frequencies and the estimates given 
in ref, 2. (Figure 2c was constructed using the PEM-A eigen- 


frequencies published by Dziewonski et al.’*; these differ from — 


- the values calculated from the PEM-A model by up to 2 Hz. ) 
. The offset in the eigenfrequencies between »$,, and osig, IS- 


prominent. Present Earth models predict significant quasi- 


degenerate Coriolis coupling between the oS; and oT); modes 
zat the ends of this band", which could explain the shifts of S11 
z a and I Ste, but the reason for a neay g constant offset of ae 
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Fig. 2 a, Normalized. degree-two coefficients of Sw oca; from a 


` -least-squares fit to the ellipticity-corrected „multiplet locations 


assuming Smax = 2(A, P30, Re P}; , Im P1; x, Re P3; @, Im 


<o- Pi). Three consecutive angular orders were combined in each 
calculation (eight-parameter inversion). b, Scale factors for these 







coefficients, with Io error bars. A, Degree-two scale factors for 


30-parameter (Smax = = 6) inversions. c, Estimates of the degenerate 


eigenfrequencies a; plotted as residuals with respect to published 


< 'eigenfrequencies of the PEM-A model’. Values from eight- 


_ parameter inversions are connected by a solid line; error bars are 
lø. Simple weighted means of our data (W) and those from ref. 2 


(A) are shown. The latter two estimates are more sensitive to bias 


_ caused by ee sampling of the aspherical. Heterogeneity. 


‘small positive shift of the Silver-Jordan means relative to ou 
. estimates appears to be ascribable to a bias in the way thei 
“pole positions sample the patterns shown in Fig. 1. ei 


: Fig. 2a, b. The normalized spherical harmonic pattern of Sw h, 





Throughout most of the band the agreement is quite good. In 
fact, below /=36 the power in the higher harmonics is down 


a higher harmonics tends to increase the: degree-two scale factors 





intermediate: modes remains obscure. ‘This impoitant observ: 
tion, previously noted in ref. 2, may provide strong constraints 
on the spherically averaged Earth structure. 

Note that the average eigenfrequencies estimated by the 
degree- two inversion form a generally smoother function of 
angular order than the simple weighted means, particularly. at 
the higher angular orders. This is because the pole positions 
for our data set are biased to temperate latitudes and there. 
consequently exists a significant tradeoff between a, and any 
P} component of wu. At the higher angular orders the 
acceptable data are fewer, the sampling is more variable, and. 
the P3} component is large; hence, a simple averaging of the 
data can introduce spurious variations in estimates of Ör: Th 


















































Several conclusions can be immediately drawn. from ; 










is quite stable, especially for the modes »S2o~oS32, where only 
the real part of the P? term appears to exhibit a significant. 
trend. The pattern consists of a large P} component and a large 
negative P} component. It is this latter term which at the higher : 
angular orders almost cancels the signal due to the ellipticity — 
of figure. The P3 component is comparatively small, accounting 
for only ~10% of the total power. The scale factors multiplying 
this nearly constant pattern increase with angular order to- 
l ~35, but level off at higher angular orders. anpii 

The variance reduction provided by this simple model is fe 
remarkable (Fig. 3). Except for o5,, whose scatter is probably 
dominated by the vagaries of quasi- -degenerate coupling, the . 
median variance reduction is 60% and, in the centre of our — 
mode band where the data are most numerous, it exceeds 70%. 

This variance reduction is far superior to that achievable by 
tectonic regionalizations with comparable numbers of para- — 
meters. We have, for example, inverted these data using a 
six-parameter regionalization”’*. The median variance reduc- ie 
tion is only 24% and for only nine of the 35 modes does it 
exceed 30% (Fig. 3). Furthermore, the patterns in sofu 
derived from the tectonic regionalization are much less stable — 
with respect to variations in angular order number. - 

The possibility that power is aliased into the degree-two _ 
coefficients from higher-degree heterogeneity by inadequate a 
sampling of the sphere can be checked by comparing these 
results with inversions allowing higher harmonics in dwié2,. The 
scale factors for the degree-two coefficients from inversions ~ 
With Sinax = 6 (30. parameters per mode triplet) are plotted with . 
those from the eight-parameter inversions in Fig.20. 


















































by a factor of four- or more. Above / = 36 the scale factors for- 
the 30-parameter inversion are generally lower, the power in. 
the higher harmonics increases, and the possibility of appreci- 
able aliasing cannot be discounted. As shown in Fig. 25, ignoring - 


for | > 36. Because this bias appears to be small and the x variance 
reduction at the lower angular-order numbers is not significantly : 
improved by the addition of the higher-degree terms, we ‘shall i 
restrict further attention to the degree-two components, 

The uniformity of the 6:2. patterns suggests that. the : 
dominant signal arises from anomalies localized in radius. If. 
this is true, the variation of the pattern’s amplitude with’ angula 
order constrains the position of the heterogeneity inside the. 
Earth. We consider five zones based on the major seismological | 
divisions of the mantle as defined by the PEM-A model: 


Zone 1: 5,350-5,701 km (top of the lower mantle) _ 
Zone 2: 5,701-5,951 km(transition zone) | 
Zone 3: 5,951-6,151 km 

Zone 4: 6,151-6,291 km (low-velocity zone) 
Zone 5: 6,291-6,352 km (lid) 
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Fig. 3 Percentage variance reductions achieved by the degree- 

two- representation of Sajocai given by Fig. 2 (-W-), the tectonic 

regionalization of Jordan'* (~A~), and the degree-two transition- 
zone (zone 2) model of Table 1 (@). 


< Five models of degree- -two heterogeneity have been constructed 
by least-squares inversion of the entire data set (excluding o$11) 

"assuming the perturbations to p, v, and v, are constant functions 

-of radius localized in one of these zones. Of course, the radii 
‘of the discontinuities separating zones could be (and probably 
are) laterally variable, but their effects on the data have been 
shown by numerical experiments to be similar to constant 
perturbations in adjacent zones; for these preliminary experi- 
ments we have therefore fixed these radil. 

If p, v, and v, are allowed to be independently variable in 
<- the inversion, then the results depend strongly on the integrals 
< vof the functional derivatives across each layer. In zones 4 and 

5, for example, the differential kernels for p and v, are of the 
_ same magnitude but opposite sign, and the inversion yields 
models with large positive p perturbations correlated with large 
-negative v, perturbations, and vice versa. From what we know 
-about mantle properties this behaviour is unphysical. To elimi- 
nate such models we have scaled a priori the perturbations in 
~ density and compressional velocity to those in shear velocity 
-o by assuming d In p/d In v, = 0.4 and d In v,/d In v, = 0.8. These 
_ scalings were derived from the temperature derivatives of poss- 
< ible mantle constituents given by Anderson et ail.'°, but they 
. are equally appropriate for the chemical variations observed i in 
naturally occurring periodotites'’’*. If the heterogeneity is 


the modes are primarily sensitive to only the v, perturbations 
in these regions. This is not true for zones 4 and 5, where the 
p and Up. perturbations predominate, although it is unlikely that 
any. reasonable scaling will alter our conclusions. 

- The results of the inversions for the five zones are listed in 
4 Table 1. The spherical-harmonic pattern is essentially the same 
‘for each zone, but the magnitude of the requisite perturbation 
increases. rapidly for the shallower zones, The localized per- 
turbation: giving the best overall fit to the data is the zone-2 
- (transition-zone) model with a total normalized variance reduc- 
- tion of 61%. Except at the very low and high ends of the mode 
band, the variance reduction provided by this simple model is 
almost as great as the optimal values for a degree-two para- 
_ meterization attained by the de (k) inversions (Fig. 3). Zones 1, 

~ 3 and 4 have much less satisfactory residuals. Although the 


magnitude of the frequency shifts in the band 0S20-pS30 and 
_ overpredicts the shifts above aa 35: 


compares 


-- confined to zones 1, 2 or 3, then the scaling i is unimportant, as 


- gzone-5 (lid) model is better, it systematically under-predicts the 
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models. The dependence « of the na ae on apenas num- 
ber is clearly best. matched by the transition-zone model. The 
zone-1 solution predicts too rapid a roll-off, whereas the models 
for zones above the 420-km discontinuity do not roll off fast . 
enough. | 





Correlation with the geoid 


The geographical pattern of aspherical heterogeneity synthe- 
ized from the transition-zone model of Table 1 is mapped in 
Fig. 5 (the contours for the other models are very similar). 5 
High-velocity anomalies are centred near the Equator in the 
western Pacific and central Atlantic, whereas lows occur athigh 
latitudes in the southeastern Pacific and northern Eurasia. 
These features are remarkably similar to the dominant large- 
scale undulations of the geoid when the latter is referenced to 
the hydrostatic ellipsoid. The correlation coefficient between 
the degree-two harmonics of the transition-zone model and the ., 
GEM 9 geoid”? corrected for Jeffreys’ hydrostatic value of J, 
(ref. 20) is +0.79, which is significant at the 94% confidence 
level. We hypothesize, therefore, that the heterogeneity detec- 
ted by the multiplet-location data is responsible, at least in part, 
for the degree-two. geoid anomalies. 

None of the localized perturbations in Table 1 can by itself 
adequately account for these anomalies, however; the predicted 
amplitudes are too large. For example, the root-mean-square 
(r.m.s.) geoid amplitude calculated for the transition-zone 


Predicted scaling 
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Fig. 4 Variation of degree-two scale factors with angular order 

predicted by localized models of aspherical heterogeneity (A, 

zone 1; 0, zone 2; ©, zone 3; +, zone 4; +, zone 5). Solid circles 

with lo error bars are the degree-two scalings: from the eight- 
“parameter. inversions shown i in Fig. 2b.. 











Fig. 5 Lambert equal-area projections of the Earth showing the 

degree-two heterogeneity of the transition-zone model, normal- 

ized such that its square integrates to unity on the unit sphere. 

Regions of positive anomaly are shaded; contour interval is 0.3 
units. 


models exceeds the observed degree-two value by about a factor 
of five. The discrepancy for the zone-5 model is even larger, 
nearly a factor of nine. Either the velocity-density scaling adop- 
ted in the inversions is grossly incorrect or the heterogeneity 
sensed by the multiplet-location data is compensated at other 
levels within the Earth. We prefer the latter hypothesis, as the 
former would imply substantial lateral. variations in mean 
atomic weight’’ which would be difficult to maintain in a con- 
vecting mantle. 

The compensation is not likely to be confined to the upper 
mantle. If our scaling parameters are roughly correct, then only 


. models with large and nearly cancelling radial excursions in 


-upper-mantle properties can satisfy both the multiplet-location 
~~ data and the geoid. It seems improbable that any mechanism 
-responsible for such excursions would yield multiplet-location 
‘patterns so similar at different angular orders. A lower-mantle 
compensation is more plausible. The changes in the Sw {sco 
patterns at low angular orders are suggestive of a deeper-seated 
heterogeneity, as are the observations of splitting of high-Q, 
low-angular-order modes”’. In fact, heterogeneities anti-corre- 
lated with the geoid have already been proposed for depths 
greater than 1,100 km by Dziewonski et al.” to explain certain 
large-scale variations in P-wave travel times. 


- Discussion 


_ Aspherical heterogeneity of the sort implied by the transition- 
zone model could be produced by lateral temperature differen- 
ces of the order of 200-300°C associated with a large-scale 
component of mantle convection. Such variations could occur 
in a thermal boundary layer between the upper and lower 
mantle, or alternatively, in a mantle-wide system of convective 
flow. To differentiate between these possibilities will require 
better resolution of the heterogeneity distribution as a function 


of depth. Although the simple scaling of the dwicca patterns 


with angular order suggests some localization in depth and 


- motivates the modelling experiments of Table 1, the data now 


acu Received 22 March; accepted 14 May 1982. 


1. Toksöz, M. N. & Anderson, D. L. J. geophys. Res. 71, 1649 (1966). 
2. Silver, P. G, & Jordan, T, H. Geophys. J. R. astr. Soc. 64, 605 (1981). 
ts 3. Backus, G. E. Bull. seism. Soc. Am. $4, 571 (1964). 
, Zharkov, B. N. & Lyubimov, V. M. Bull. Izv. Akad. Sci. USSR, Earth Phys. 10,613 (1970). 
Masters, G. & Gilbert, F. Phil. Trans. R. Sac. (in the press). 
Jordan T. H. Geophys. J. R. astr. Soc. $2, 441 (1978). 
Woodhouse, J. H. & Girnius, T. P. Geophys. J.R. astr. Soc. 68, 653 (1982). 
. Dahlen, F. A. Geophys. J. R. astr. Soc. 58, 1 (1979). 
. Dahlen, F. A. Geophys, J. R. astr. Soc. 69, S37 (1982). 
. Dahlen, F. A. J. geophys. Res. 80, 4895 (1975). 


eh emt : 
PERESAN 


1960}. 


various mantle layers have been constructed using ‘the 
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in kënd certan i not exclude models wherein the asphe ical 
variations are distributed throughout the Earth. Indeed, we 
have argued that the geoid requires the heterogeneity con- 
strained by the multiplet-location data to be largely com- 
pensated elsewhere in the mantle, most likely near its base. _ 

There are at least four additional sources of seismic data 
which should help to increase our vertical resolution of struc- 
ture. The first is the measurement of phase-velocity dispersion © 
at periods shorter than 200s. We have attempted to extend our 
data set using published phase-velocity observations, but these - 
have proved inadequate in both quantity and quality to improve- 
our spherical-harmonic models of lateral heterogeneity. The 
second is the study of fundamental toroidal modes whose energy- 
is more strongly concentrated near the surface than spheroidal . 
modes, and the third is the measurement of resolvably split 
high-Q modes of low angular order. Finally, the inversion of 
large sets of teleseismic travel times”? can be used to constrain 
the odd-order harmonics of deep-seated heterogeneity to which 
the free-oscillation data are insensitive. With the addition of 
these data detailed models of the Earth’s large-scale lateral 
heterogeneity should be within our reach in the near future. >. 





Conclusions 


A data set comprising 3,886 apparent centre frequencies of the’ 
modes 9$s—09543 measured from over 500 IDA records has been 
analysed for aspherical Earth structure. When plotted as a 
function of the pole position of the great circle connecting the 
source and receiver the frequency shifts show a remarkably 
coherent geographical pattern clearly dominated by surface 
spherical harmonics of degree two. Although the degree-two 
pattern is well constrained by the data, the depth distribution. 
of the aspherical heterogeneity cannot be determined unam- 
biguously. Models of degree-two heterogeneity localized in. 


asymptotic theory of multiplet locations by scaling the density 
and compressional-velocity perturbations to those in shear 
velocity. The best fit to the data is obtained by localizing the 
degree-two perturbations in the mantle transition zone (420—- 
670 km depth). This transition-zone model is characterized by 
shear-velocity variations of 1.7% (r.m.s. amplitude). The over- 
all variance reduction provided by the model is 61%, more 
than a factor of two better than that achievable by tectonic 
regionalization. The degree-two pattern has high-velocity 
anomalies centred near the Equator in the western Pacific and 
central Atlantic and lows at high latitudes in the southeastern 
Pacific and northern Eurasia; these features correlate well with 
the hydrostatically referenced geoid. The transition-zone model 
predicts geoidal undulations too large by about a factor of five, 
however, suggesting a compensation mechanism which we infer 
to be heterogeneity in the lower mantle. Aspherical 
heterogeneity of the sort implied by our data could be produced ` 
by lateral temperature differences of the order of 200-300 °C - 
associated with a large-scale component of mantle convection. » 
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: _ New Sm-Nd isotopic measurements made on granulite-facies metamorphic rocks from East Antarctica provide fom E 
evidence that crust of ~3,500-Myr age exists in the Fyfe Hills. Zircon U-Pb data provide further documentation for as 
oe granulite-facies event 2,500 Myr ago, during which Rb, U, Sm and Nd were highly mobile. The U-Pb and Rb-Sr 


isotopic systems were seriously disrupted and in most samples give meaningless model ages. In contrast, Sm-Nd model 


involved in an orogenic event. 





> THE Napier complex of coasta] Enderby Land, East Antarctica 
(46°-57°E) (Fig. 1) is an Archaean granulite-facies terrane’ 
_ that was cut by „pegmatites 2,500 Myr ago at about the time of 
metamorphism?“ . Sobotovich et al.*® reported a 4,000-Myr Pb 
©. isochroon age for six whole rock samples of enderbite and 
 granulite of the Napier complex at Fyfe Hills (67°22’S, 49°12'E). 
This age was calculated assuming a two-stage development of 
the U-Pb system, an assumption that has been invalidated by 
` the evidence for a 2,500 Myr metamorphism*. Nonetheless, 
recalculation of Sobotovich et al.'s data, assuming a three- 
stage development, yields a minimum age of 3,500 Myr 
(ref. 4). 
If this age is correct, the Napier complex would represent 
the first documented example of an Archaean granulite-facies 
-metamorphic event that significantly post-dated crust forma- 
tion. This in turn places a new perspective on the mode of 
_-.-formation of the early crust and the causes of granulite-facies 
metamorphism. In view of these implications, we have reana- 
~~ dysed Sobotovich et al.’s Fyfe Hills samples for U-Pb isotopes, 
“and also analysed them for Rb-Sr and Sm—Nd isotopes. U-Pb 
isotopic systematics are often ambiguous in granulite terranes’. 
However, Sm-Nd isotopes can place more stringent constraints 
on the age of the complex®. Furthermore, the concurrent study 


ages were offset only slightly. A large time interval of 1,000 Myr between the times of crust formation and granulite-facies 
metamorphism has not previously been reported for Archaean rocks, and suggests that 2,500 Myr ago the Fyfe Hills , 
may have been located in an Andean- or Himalayan-type continental margin where crust already 1,000-Myr old was z 





of the entire suite of chemically diverse elements provides a 
much better understanding of the geological processes which 
affected this part of the Antarctic crust during the Archaean. 
We have also analysed zircons in one of the Fyfe Hills granulites 
for U-Pb isotopes to document further the ~2,500-Myr age 
of metamorphism inferred from previous measurements on 
pegmatite minerals‘. 


Samples 
Grikurov provided seven samples (28-I to 28-VID) collected by ... 
Kamenev and co-workers in 1970-71, and Kamenev provided 
a sample 28-VIII, collected in 1978. The samples include gar- 
net-two pyroxene granulite (28-I, IV), magnesian pyroxene 
granulite (28-II, IID), quartzofeldspathic granulite (28-VI, VH 
and VIII) and magnetite~garnet-orthopyroxene ironstone (28- 
V} (Fable 1). The granulites are medium grained (0.1-3.5 mm) © 
and lack a marked foliation while the ironstone has a cataclastic 
fabric. The mineral identified as perrierite or chevkinite in 
28-VIl forms rare brown isotropic (metamict) grains containing 
major Si, Ti and Ce, and subordinate Ca, Al and Th (energy 
dispersive scan). Minor biotite, chlorite, hornblende, or a low 
Ca-amphibole appear to result from post-metamorphic alter- 
ation. 





Table 1 Modes* of the Fyfe Hills rocks and calculated distribution coefficients 


Garnet-two pyroxene Magnesian pyroxene Quartzofeldspathic 
Rock type granulite granulite granulites Ironstone 

Sample no. 28-1 28-IV 28-11 28-IH 28-VIH 28-VI 28-VH 28-V 
Quartz 2 3 om -= 48 72 12 50 
= K-feldspar =- ve = _ = — 15 _ 
o Plagioclase 66 59 71 77 30 25 66 n= 
- Orthopyroxene 5 10 28 20 9 3 5 20 
- . Clinopyroxene 17 12 ae 1 T c — 
-= Colourless amphibole | m= — T T — mans ~ me 
-Hornblende — T == — — F T _ 
< Garnet 7 12 -— mm 12 = m= 15 

- Biotite T T 1 2 T T T T 
Chiorite = _ ~ _ T me T woe 
— Opaque 3 4 T _ 1 T i 15 

- Apatite T T -l -= — = 1 T 
_ Zircon T MA oe _ T B. T - 
Monazite meen — ~ m — — T amn, 
Perrierite or chevkinite — — = — — m T mre. 
p™ 0.05 0.05 0.08 0.11 0.03 0.02 0.27 <0.01 

p* 120 1.1 1.3 1.4 0.6 0.5 1.5 <0.1 

p~ 0.1 , 0.029 0.032 0.279 0.109 


0.115 





* Visual estimates (volume %). T, trace amounts. 
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| Fig. 1 1 Map ofa portion of the Napier omor in Enderby Land 
showing Archaean pegmatites of possible plutonic origin’ 31 and 
<c; intrusive. charnockitic rocks (y) on Tange Promontory (ref. 1, p. 
Ss 4948: ref. 3), east end of Casey Bay (J. W. Sheraton, personal 
-c eommunication), and Mt Hurley (ref. 1, p. 494). Specific localities 
“of Soviet samples provided by Ye. N. Kamenev (personal com- 
ue munication). | 
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~The rocks vary considerably in major and trace element 
composition, especially in their SiO- content and in the relative 
proportions of Fe and Mg (Tables 1 and 2). Samples I and IV 
have igneous compositions corresponding to Fe-rich tholeiitic 
basalt. The other rocks, with the exception of the ironstone 
(sample V) have compositions that are broadly igneous except 
for.a notable deficiency in Na,O and K,O. In general, the rocks 
~ are especially poor in K,O0, Rb and U, have low values of Rb/Sr 
-> and U/Pb, and high values of Th/U and K/Rb. All of these 
features are characteristic of granulite facies rocks”’’, An addi- 
-. tional feature is the low Sr abundances of all the rocks, some 
three or more times lower than typical crustal abundances’! 
= Sample VII, the only sample containing significant K feldspar, 
4S unique in that it contains much higher concentrations of K, 
Rb, Th and Nd than the other rocks, and has a high Rb/Sr 
ratio. Only sample VII has high U/Pb and low Th/U values. 
From the chemical compositions, we infer the protoliths for the 
samples to be volcanic rocks or immature detritus shed from 
an igneous terrane. The ironstone is clearly of sedimentary 
origin. The protolith for the magnesian pyroxene granulites is 


enigmatic. Their chemical compositions are not similar to _ 


.. igneous rock compositions, as both granulites have relatively 
3 high Mg/Fe ratios and AlO, contents, and low alkali contents. 


o Analytical techniques and data representation 
- The isotopic data were obtained using techniques described 


— previously!?"*, The U-Th-Pb and Rb-Sr data were obtained | 


at the University of Texas; the X-ray fluorescence and Sm-Nd 
data were obtained at the University of California at Los 


Angeles. The Nd isotopic data were monitored for internal ` 
consistency by measuring all seven isotopes in all runs. Tracers 


for Sm and Nd concentration determinations were ‘calibrated 
against gravimetric standard solutions using ultrapure metals 
- from the Ames Laboratory'*'®. All Sm-Nd analyses were by 


-> the total spike method. The measured '*Nd/ “Nd ratios are 





Bi expressed here in the ¢-notation: 

i CHNd/ IHNd)ampte J 
Eti 0.511836 
` Ve also use the Sm-Nd enrichment factor, defined: 
~ (476m /!44N G) sampte | 
foun | a T9g7 | 


The values i in the denominators are the isotopic ratios deter- 
mined for ‘Byerége chondritic meteorites . Our Ena values as. 


E€nal0) — iof: 








defined hére are e comparable with | oe of a 16 to a within 


‘complex, is supported by the ages obtained from the zircons in 








+ 0.1 units, 


Results 


Sample 28-VIII contained abundant raided. unzone 
for which U-Pb data have been obtained (Table 3). Tw 
tions were dated. The 100-200 mesh fraction is nea 

cordant at 2,500 Myr (Fig. 2). The >100 mesh fraction is 
discordant and indicated an age of 2,550 Myr on the basis: 
a discordia line passing through 500 Myr (by analogy with the 
pegmatite minerals of Grew and Manton‘). A 2,500-Myr a 
for the granulite-facies metamorphism, which Grew a 
Manton“ inferred to be nearly coeval with the 2,500-Myr-old 
hypersthene-bearing pegmatites found throughout the Napic 








this study. These zircons appear to have been reset at abou 
the same time the pegmatites were emplaced. We have taken. 
the 2,550-Myr value as the time of metamorphism for the- 
purpose of discussion of the other isotopic data. It has been ; 
proposed that the Napier complex was also affected by a 
granulite-facies metamorphism about 3,000 Myr ago’??, , but 
a second metamorphic event antedating 2,550 Myr would not 
affect the following arguments significantly. 


Figure 3 shows the isotopic evolution of the samples asao j 
function of time. We represented the data for each of the three 


isotopic systems in an analogous fashion. In all three plots, the- 
trajectory labelled ‘Mantle’ represents an approximation to the = 
isotopic evolution of the parental reservoir from which con- 


tinental crust is derived by magmatic processes. It is assumed | _ 


that any segment of continental crust must have had isotope _ 
ratios that lay on the mantle lines at the time it was originally £ 
derived from the mantle, one 

The Sm—Nd isotopic data (Fig. 3a) give the most direct | : 


indication of an ancient age of crust formation. The measured: — 


values of exg(0) (Table 2), shown at T=0, are extrapolated 
back in time using the measured values of 7g / Nd. The 


points at which these lines intersect the mantle curve correspond os 


to the Sm~Nd model crust-formation ages (Tpm) (ref. 8). We < 
have used Tpm rather than Toyur (ref. 19), because there is 
an increasing amount of evidence that continental crust is — 

derived mainly from depleted mantle (DM), even as far back 
as the Archaean®*’”°. The model ages clearly show that crust 
formation predated 3 100-Myr ago. Probably much of the crust. > 
represented by these samples formed before 3,300 Myr. The 

spread of model ages does not allow precise definition of crust- 
formation ages for these rocks. Nonetheless, the data clearly 
confirm the existence of early Archaean crust at Fyfe Hills. The 
interpretation of the Tpm ages is discussed further below. 


a Sc a oc 


WPH PSU 
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PHU 


i8 22 
206 Dh: 204ph 
Fig. 2 7Pb/?* Pb versus 2° Ph /°* Pb diagram showing assumed as 
mantle growth curve’? and data from the Enderby Land rocks. 
A, Fyfe Hills: A, K-feldspar from pegmatite at Forefinger Point os 
(67°37'S, 48°04’E) (see ref. 4). Inset, portion of the concordia ky 

plot showing zircon data from sample 28-VIII. 
























1 isotope ratios of Fyfe Hills rocks 


mtn Noes, os Senco 


g Garnet-two pyroxene Quartzofeldspathic 


| Magnesian pyroxene 
Rock type granulite granulite granulite Ironstone 
Sample no. 28-1 28-1V 28-1] 28-11 28-VIIl 28-VI 28-VIl 28-V 
Field no. 28 28e 28g 28d ss 28a 28v = 
$102(%) 51.02 50.00 48.30 47.83 70.00 73.94 63.61 50.29 
ALO; 14.32 13.34 19.50 22.38 12.86 13.58 14.67 3.40 
CaO 10.11 9.01 8.95 12.29 5.59 3.93 4.81 0.89 
Na,O 277 2.20 1.39 1.02 1.85 2.47 2.32 ND 
K,O 0.42 0.40 0.23 0.40 0.38 0.38 3.02 0.15 
Fe0O3 14.00 17.80 9,90 4.43 5,70 3.51 6:41 40.78 
MgO 5.64 5.43 11.34 11.25 2.35 1.48 3.25 3.24 
TiO, 1.11 1.05 0.15 0.07 0.70 0.37 0.93 -0.64 
= MnO 0.193 0.351 0.199 0.095 0.099 0.055 ” 0.087 - 0.208 
P20, 0.19 0.10 ND ND 0.17 0.04 0.45 O17 
Cr (p.p.m.) 132 103 329 222 60 50 60 286 
Ni 138 94 188 110 69 55 31 46 
Zr 164 60 27 2 490 38 450 ND 
U (p.p.m.) 0.15 0.16 0.02 0.07 2.44 0.09 3,52 0.23 
Th 2.90 1.64 0.24 1.92 4.06 1.04 107 2.38 
Pb 3.72 8.91 7,47 5.08 5.73 5.72 29.7 2.76 
20.2 10.9 13.5 26.5 1.73 11.5 31.4 10.5 
206 pp /2%4p ys 16.17 15.68 15.73 17.57 21.32 17.50 27.05 23.46 
207 py /20 Ph 15.91 15.61 16.04 16.24 17.04 16.26 19.52 16.65 
208 Dy /?>* ph 40.60 36.09 35.50 36.92 42.46 38.20 126.6 64.91 
Rb(p.p.m.) 2.63 1.09 3.66 13.4 2.25 2.03 76.2 0.31 
r 105 124 128 44.8 110 116 103.6 6.77 
87 Sr /8°gr* 0.7120 0.7078 0.7164 0.7372 0.7134 0.7157 0.8160 0.7189 
Nd (p.p.m.) si 15.57 8.41 1.46 21.41 4.70 187.65 16.52 
1t Sm/ 4 Nd mm 0.1566 0.0909 0.1112 0.1169 0.0782 0.0889 0.0864 
€na(0)* m -19.2 —43.4 ~ 36.6 -32.1 -46.9 -47:0 ~41.9 
Tpm(Myr)t — 3,870 3,310 3,450 3,280 3,200 3,490 3,090 





Sample numbers refer to the numbers as supplied to us. The Soviet field numbers were deduced from Table 5 of ref. 6 in which the same Rb-Sr 


data are presented. 


All Fe as Fe.O;. ND, none detected. U, Th, Pb, Rb, Sr, Sm, Nd measured by isotope dilution; all other by X-ray fluorescence. 
* Analytical precision is +0.0003 for * 1Sr/%Sr, +0.5 for Enal0), and +0.1% for Pb isotopic ratios. 


t Uncertainty in model ages is typically 1-2%. 


Our U-Pb and Rb-Sr data (Fig. 34, c) also require that crust 
formation substantially predates the granulite-facies meta- 
morphism. For U-Pb, the extremely low measured u values 
(u =?9U/?*Pb) give calculated *°Pb/**Pb ratios that lie 
above the mantle evolution curve at 2,550 Myr ago’’. Con- 
sequently, the rocks must have had much higher p values during 
all or part of the time interval between crust formation and 
2,550 Myr ago. The broken lines on Fig. 3b show the Pb isotopic 
evolution before 2,550 Myr for an arbitrarily assumed crust 
formation age of 3,600 Myr. The measured u values, compared 
with those calculated for the time interval between crust forma- 
_ tion and metamorphism, suggest that w decreased by factors 

~of 2-100 during the metamorphism as a result of severe U loss. 
This conclusion is independent of the value assumed for the 
crust-formation age. If instead of using the measured u values, 
we use the measured *°°Pb/*“Pb and 7°’Pb/**Pb ratios to 
: calculate a self-consistent set of values for u; (3,600-2,550 Myr 
ago) and uz (2,550 Myr ago to the present, see ref. 7), the 
calculated values of 4.2 agree with the measured values to within 
a factor of two. This agreement indicates that the low measured 
ws are a real feature that cannot be explained by loss of U in 
the outcrop by recent weathering. Sample 28-VIII differs in 
that it apparently has recently acquired a high u value, possibly 
‘because of a gain in U, for Pb loss is ruled out by the Th-Pb data. 
The Rb-Sr data (Fig. 3c) are analogous to the U-Pb data 

because the calculated ®’Sr/*°Sr ratios at the time of granulite 
: metamorphism. lie well above the mantle curve. This requires 
~ the rocks to have had high values of °’Rb/**Sr over an extended 
















in most of the rocks. The marked loss of U and Rb observed 
-in the Napier complex is characteristic of granulite grade ter- 
eranes but is more extreme than examples from younger terranes. 

The resultant changes in u and *’Rb/**Sr cause the model ages, 
as determined by the point of intersection of the sample 


time interval before 2,550 Myr ago. *’Rb/**Sr apparently 
decreased during the granulite facies event by factors of 10-20. 


evolution line with the mantle evolution line (Fig. 2), to be 
either unreasonably young (U-Pb) or undefined (Rb-Sr and 
some U-Pb data). In contrast, the Sm/Nd model ages are not 
shifted by more than ~ 10%. 

The U-Pb isotopic data are displayed in Fig. 2. Our analyses 
confirm the high “Pb contents reported by Sobotovich et al.® 
but do not reproduce the linear array which was the basis of 
their 4,000 Myr age. The Th and Pb concentrations reported 
here are similar to those reported by Sobotovich et alf, but 
our U concentrations are lower by nearly an order of magnitude 
(except for sample 28-VII). The data (Fig. 3c) would be reason- 
ably consistent with a model of crust formation at 
ago and metamorphism at 2,500 Myr (3,600-2,500 Myr iso- 
chron), but this evidence is not sufficient to fix the crust- 
formation age. 


Discussion 


There is little evidence from other areas for metamorphic 
disturbance of Sm-Nd ages "°, Our Sm-Nd data could be 
interpreted, therefore, to indicate that the protoliths of the Fyfe 
Hills granulites represent crust formed in multiple events over 
a large interval of time (3,090-3,870 Myr). However, geo- — 
chronological data from other areas indicate that crust forma- 
tion in a given continent or province within a continent is 
distinctly episodic, typically lasting ~100 Myr (see refs 7, 8 and 
22). Thus, we wish to consider the evidence that some of the © 
scatter of Tpm ages Observed at Fyfe Hills is a result of Sm~Nd 
redistribution during the granulite-facies metamorphism. 

The metamorphic effects can be modelled for a rock sequence 
having a uniform crust-formation age, 7, for Sm-Nd and sub- 
sequently subjected to redistribution of Sm and Nd isotopes at 
some age Tm <T. We will assume that in the affected volume 
of rock, V, which has an overall value of the Sm/Nd enrichment 


~ 3,600 Myr © 
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Fig. 3 a, Nd isotopic evolution of Fyfe Hills samples, showing 
model ages. b, Evolution of *pp/?4pp in Fyfe Hills samples.. 
For illustration, the crustal evolution is shown to commence at 
_ _3,600 Myr ago (large @). The (= 7"8U/? Pp) values required 
during the time interval 3,600-2,550 Myr ago are much higher 
an the measured p values, shown in parentheses. Sample VIII 
ows evidence for recent gain of U. c, Evolution of ®’Sr/**Sr in 
Fyfe Hills samples. The range of °’Rb/®°Sr ratios required during 
<< the interval 3,600-2,550 Myr are given at the right; the measured 
values are shown in parentheses. Large @, crust-formation age 
ae (see b). 














factor equal to fšm/nas Nd isotopic redistribution is complete, 


so that ena is uniform in V at time rm. If the volume of a 
particular analysed rock specimen is v < V, then fSmsna may 


differ from fSnva by a factor, 8, depending on the mineralogy 


-in the volume, v. The model age, Tsu, is related to 


-have been large (km’*). Large-scale transport probably requires 


extent to which C" x D* for all the samples. In practice, this... 


-sible because of the relatively simple mineralogy of the Fyfe 


_ are given in Table 1. For D™°, modal apatite was calculated — 
_. from the measured P,O; (Table 2). For Rb, where the isotopic 
_ data clearly indicate mobility, there is a significant correlation — 


values reflecting abundant plagioclase. | 

_ This analysis indicates that disturbance of the Sm—Nd system 

_ may have been sufficient to explain the range of observed Tpm - 
ages. The Sm-Nd ages are less disturbed than those of Rb-S; 

(and U-Pb) presumably because D™* and D*” are similar 










































-crust-formation age, by: _ 
TT, + (Tom i Tm)ÌB 


If an arbitrary r value of 3,500 Myr and 7„ = 2,550 Myr ar 

used for the Fyfe Hills samples, 8 is calculated to be 0.72- 46 
for six of the samples, and 1.76 for sample V, the ironstone 
With the exception of sample V, the calculated 8 values are 
not unreasonable, considering the relatively small sample size 
(10™* m*) and the variable mineralogy (Table 1). The £ value 
depend on the assumed age, r, but are plausible for any r 








_ the range 3,200-3,800 Myr. a a 
The Fyfe Hills rocks show clear evidence for bulk remo 
of U and Rb, and thus the volume, V, for redistribution m 


either magma or a volatile-rich fluid which can move throug! 
the rocks and selectively leach out certain elements, Tn this. 
Situation, which is analogous to ion-exchange chromatogra-. 

phy”, the average transport distance for any element will vary. 
roughly as D`* where D is the solid-fluid distribution 
coefficient. For a given volume of rock undergoing this meta- 
morphic leaching, the amount of change in the elemental ratios 
Rb/Sr, U/Pb and Sm/Nd will depend on the absolute value of — 
D for each element and the integrated fluid/rock ratio. For _ 
any volume of rock, v, a bulk rock value of D? for element a. 


could theoretically be calculated from the mineralogy: 
D? =} Dw ee 
p : 4 


where: w, is the weight fraction of mineral p in volume v, and ~ 
where Dg is the mineral-fluid distribution coefficient for ele-. 
ment a in mineral p. Assuming local equilibrium, if D&E Te 
even a small amount of fluid would quickly shift the concentra- ce 
tion of a, C%, to a value of: | ee 


Cl =D Ciu Bor 


whereas if D* > 1, C% could be essentially unaffected by the ~~ 
fluid interaction. 

For our hand-sized samples from a single large outcrop in 
the Fyfe Hills, a gauge of mobility for an element would be the 


test is difficult because D3 values are poorly constrained, and 
depend on fluid composition. Nevertheless, an estimate is pos- 


Hills samples (Table 1). D? values are available for 
mineral/magma partitioning for Rb, Sr, Sm and Nd (refs P 
25),..T he absolute values are likely to be very different for an’ > 


intergranular fluid in rock undergoing granulite-facies meta- 

morphism, but the relative values for different minerals would 
be similar, except for possible temperature effects (log D/D} 
would be approximately proportional to inverse absolute tem- — 


perature). 


Computed values for D®*, D“ and D“ based on the modes _ 


between D™ and C™ (Table 2); C?” versus modal K-feldspar+ 
biotite also yields a good correlation. A correlation is also found — 


between D~! (or P,Os) and C™*. No correlation is evident 


between D™ and C™ for the samples with large values of D", 


but the sample with low D* (28-V) has low C", as would be _ : 
_ predicted. These observations suggest that Nd and Sm, in addi- 


tion to Rb, were mobile during the metamorphism because 
they were partitioned into the fluid. On the other hand, Sr was J 
much less mobile because most of the rocks have large D® 


n ample 28-VIN ~ 





“Uppm) pp pp po pH pH PU 


Fraction Pb ore 205 ppy* /238fj 
> 100 mesh 630.8 326.6 1.11 x10 5.979 6.519 0.4556 10.51 
100-200 mesh 590.5 316.5 3.44 x 10° 6.096 5.838 0.4662 10.55 





“general, the least disturbed samples should be those with large 
_ values of D for both the parent and daughter element. One of 
our samples (28-VII) has the requisite large values of DP’, D™S 
and C”, C™ and C™*. This sample is also the only one with 
roughly concordant model ages for Sm-Nd (3,490 Myr) and 
Rb-Sr (3,740 Myr). 
= The Tpm age and the low ‘Sm/Nd ratio 
of sample VII provide independent evidence for some crust 
com 3,500 Myr old in the Fyfe Hills. An age of crust formation 
-younger than the Tpm for this sample requires that '*’Sm/'**Nd 
< increased during the granulite- -facies metamorphism. Such an 
increase is unlikely given the low '*’Sm/'*“Nd in this sample. 
-< For example, if the crust-formation age were assumed to be 
-100 Myr younger than Tpm, the protolith would have to have 
had fsmsna = ~0.63 [equation (1)]. Rocks with such low values 
Of fsmyna are extremely rare; the lowest value reported is — 0.61 
(ref. 26) and the mean for crustal rocks is about — 0.35 (ref. 11). 









































~ Conclusions 


The evidence for Nd mobility during granulite-facies meta- 
morphism demonstrates that Sm~Nd model ages cannot be 
taken at face value in high-grade terranes. However, because 
of the relatively small net shifts in the model ages, Sm-Nd still 
< provides a much better means of determining crust-formation 

~-ages than does either Rb-Sr or U-Pb. We have too few data 
from the Fyfe Hills to fix precisely the crust-formation age or 
determine the number of crust-forming events. Based on our 
` analysis, the best indication of the crust-formation age is prob- 
ably provided by Tpm of 3,500 Myr for sample VII. It is not 
clear whether this age, if correct, would apply to all of the rocks 
sampled. Reported isotopic evidence for an additional event at 
“3,000 Myr ago’? allows the possibility that crust formation 
occurred at that time also. 
We conclude that the geological history of the Fyfe Hills 
commenced with the differentiation of magmatic rocks from 
the mantle at a time tentatively estimated to be ~3,500 Myr 
ago. The igneous crust must have become chemically layered 
at or about the time of formation with enrichment of Rb, U 
and K, and high Rb/Sr and U/Pb in the upper crust. During 
granulite-facies metamorphism ~ 2,500 Myr ago, the rocks lost 
most of their Rb and U, profoundly disturbing the isotopic 
systematics of Sr and Pb. 

Our data show that a granulite-facies metamorphism 
- post-dated crust formation by ~ 1,000 Myr in these rocks. 
Comparable time separation between crust formation and 
granulite-facies metamorphism has been demonstrated pre- 
viously for Proterozoic granulite events”, but not for an 
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Archaean (> 2,500 Myr) event. In the Archaean granulite ter- 
ranes for which sufficient geochronological data are avail- 
able****, crust formation and granulite-facies metamorphism 
appear to have been contemporaneous within the resolution of 
the dating techniques (~100 Myr). Hamilton et al? have 
attributed this to rapid heating after crust formation caused by 
in situ radioactive decay of U, Th and “°K. Such a heat source 
isa possible cause for granulite-facies metamorphism that does + 
not require plate tectonics. However, the conclusion was based . 
on an erroneous heat flow calculation. Hamilton et al.” model- 
led the crust as a semi-infinite solid, whereas it should be ` 
modelled as a finite-thickness slab. In either case, in situ radio- 
active decay is not a satisfactory heat source for a granulite- _ 
facies metamorphic event post-dating crust formation by _/ 
1,000 Myr. 

In general, the continental crust cannot reach granulite-facies 
conditions at depths corresponding to pressures of 7—10 kbar 
unless there is heat supplied from deeper levels. One possible 
heat source is magma, which in orogenic zones rises from the 
mantle into the crust on a regional scale over an extended 
period of time’’. Another mechanism for generating granulite- 
facies conditions is large-scale underthrusting in a Himalayan- 
type continental collision zone”. Either of these mechanisms 
can account for a long time delay before metamorphism, and 
both require plate tectonics. In orogenic zones associated with 
subduction (magmatic arcs), granulite-facies metamorphism 
would be closely associated with crust formation, and at _ 
Andean-type continental margins old rocks comprising the — 
continent may also be metamorphosed at a time much later 
than the time they were differentiated from the mantle. The 
Napier complex may represent the site of a former continental 
margin magmatic arc, or a continental collision zone that was 
active ~ 2,500 Myr ago, and resulted in metamorphism of 
~ 3,500-Myr-old continental crust, If it were a magmatic arc, 
we would expect to find evidence in the Napier complex for 
the production of new crust in the form of magma ~ 2,500 Myr 
ago. Rocks of possible plutonic origin in the Napier complex, 
such as intrusive charnockite (Fig. 1 and ref. 3) should be 
investigated. Further isotopic studies of the Napier complex 
and other Archaean granulite terranes presently exposed in 
crystalline shields could provide important evidence that a plate .. 
tectonic regime similar to the Wilson cycle was operative in 
Archaean time. 
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n inter-laboratory comparison of radiocarbo) 
measurements in tree rings 


International Study Group* 





THE method of radiocarbon dating, since its practical inception 
f x30 yr ago, has seen considerable development in methods of 
“oa C assay and in archaeological and geological applications 
.. requiring ever-more precise measurement’. The correspond- 
-cing increase in the number of laboratories performing such 
< Work has not, however, produced an equivalent emphasis on a 
_ hecessary programme of inter-laboratory checks on analytical 
methods. Thus the normal procedure for assessing errors in 
laboratory procedures using replicate sample analysis has been 
long neglected in the radiocarbon dating field. This project 
represents the first collaborative attempt to rationalize and 
quantify by experiment the uncertainty involved in “C dating 
of a typical sample and thus its major aims have been to collect 
quantitative information on the variability of '*C dates and to 
estimate the extent of inter-laboratory variability. 


- Organization and design of the study 


Although there are at present over 100 laboratories* providing 
<a ““C dating service using various analytical techniques, the 
logistics of the study required initial selection, at a fairly 
arbitrary level, of an, at least approximately, representative 
subgroup of laboratories, covering most, if not all, of the 
common experimental procedures. To this end, 30 laboratories 
were invited to participate in the study, with ultimately, results 
from 20 laboratories being submitted. The participants are 
listed in Table 1. It was agreed, as a prerequisite of participation, 
that because the aims of the study were not directed towards 
assessing errors in individual laboratories but rather towards 
~“ monitoring group performance, anonymity would be preserved 
and laboratories would be assigned code letters A-T. Included 
in the original group of 30 was a smaller subgroup of ‘high 
- precision’ laboratories, three of which agreed to take part. 

The design of the study envisaged that each laboratory would 
date eight samples, hereafter referred to as time points 1-8, 
selected from a wood section spanning ~200 yr growth. Each 
sample, of 10 rings width, would be identified on a tree ring 


width plot to ensure that the same samples would be assayed _ 
by each laboratory. The sections of oak were themselves taken 


from one tree trunk from a submerged forest exposure at 
Stolford, UK (51°12' N, 3°06’ W). The wood was well preserved, 
available in considerable quantity and sensitive ring patterns 
enabled accurate cross-matching of subsections. Each 
European laboratory received a complete section, while for 
_ reasons of postal economy non-European laboratories received 
' the samples already extracted from their sections. 

_ To reduce possible sources of variability in the results, each 
~- laboratory was asked to extract and date the cellulose fraction 


© circulated. A few laboratories chose not to extract cellulose 


preferring to adopt alternative procedures. ‘However, sub- 


anmanee 


| * See Table 1. 


-+ Results from a collaborative study desi gned by the Glasgow C laboratory to assess experimental variability in radiocarbon — 
dating are presented. A series of eight replicate samples from one tree were dated independently by 20 C laboratories. 
While the results are in general agreement they reveal the existence of systematic bias and unexplained variability. Thus — 
as a general guideline for users of C dates, quoted errors, particularly those derived solely on the basis of the counting © 
procedure, should be multiplied by a factor of between 2 and 3. 


“ation. 


_ of the samples, and to this end, a standard recipe’ involving 
KOH digestion followed by NaClO,/HCI bleaching, was- 


#To whom correspondence should be addressed at the Department of Chemistry, ; ` 





































































sequent additional work by both the La Jolla and Uppsala _ 
laboratories indicated that the method of pretreatment was, in _ 
this case, not important. Apart from pretreatment, each labora- 
tory was asked to treat the replicate samples routinely andy in 
addition, to spread the measurements over as long a time period 
as possible to model more precisely the normal mode of oper- 


The information requested from each laboratory included _ 
5°C, which is the per mil deviation of the °C/!C ratio from. 
the PDB (belemnite) standard ratio, d '“C, the per mil depletion 
or enrichment in '*C with regard to the NBS oxalic acid stan- 
dard, D ““C which is d **C normalized for isotopic fractionation, 
conventional radiocarbon age (using the 5,568 yr Libby half 
life) and its error (based solely on the counting statistics), the > os 
overall error on the result, if different, and details of the count- = 
ing method. One area in which it was considered necessary to 
provide clear instructions to participants concerned the ageand 
error calculations themselves. The method of age calculation — 
was constrained to the convention recommended by Stuiver 
and Polach“. However, no similar series of instructions exists 
for error calculations, some laboratories commonly quoting 
errors based solely on theoretical estimates of the uncertainty 
resulting from the radioactivity measurement process alone and 
others including additional error terms. Thus to ensure that 
results would be. directly comparable a method of calculating 
a common error term was described, the final error being arrived. 
at through propagation of the counting uncertainties on the 
sample, standard and background activities alone. 
aaah ea eS el eee 

Table 1 Members of the study group 
Name Laboratory 
i. V. Alexeev, A, Lavrukhina, Academy of Sciences, Moscow, USSR 


L Smirnov, Z. Milnikova, 
L. Sulerzhitsky 
2. M. Baxter’, M. Scott, University of Glasgow, UK 
3, R. Burleigh, J, Ambers, British Museum, London, UK 
K. Matthews 
4. 3, Evin, J. Marechal, University of Claude Bernard, Lyon, France 
G. Marien 
4. A. Fairhall University of Washington, Seattle, USA 
6. M. Geyh Niedersach. Land., Hanover, FRG 
7. D. Harkness Scottish Universities Research & Reactor 
Cemre, UK 
8. T. Kankainen Geological Survey of Finland 
9. W. Mook State University, Groningen, Netherlands 


16. R. Nydal, $. Gulliksen 

11. M. Stenhouse 

12. H. Oeschger 

13. L Olsson, M. Söderman, 
T. Kronberg 

14, G. Pearson 

15. H. Polach 

16. A. Rafter, H. Jansen 

17. M. Stuiver 

18. H. Suess, T. Linnick 


Norwegian Institute of Technology, Norway 
University of Glasgow UK l 
University of Bern, Switzerland 

University of Uppsala, Sweden 


Queen's University, Northern Ireland, UK 
Australian National University, Australia 
Institute of Nuclear Science, New Zealand 
University of Washington, Seattle, USA 
University of California, USA 


19, R. Switsar University of Cambridge, UK 

20. R. Williams University of Birmingham, UK 

Dendrochronology and sample distribution hase 
A. Heyworth University College of Wales, Aberystwyth, UK 
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Time points 1 — 8 


Fig. 1 Radiocarbon age (yr BP), along with 2g error estimates versus 
time point for each laboratory. ~= ~, Reference lines at 5,200, 5,000-and 
4,800 yr BP. 


_- Before discussing the results it is important to mention their 
limitations, these being due primarily to the small sample num- 
bers per laboratory—eight—and to the short study period-—6-9 
months. Conclusions concerning individual laboratory perform- 
cance can therefore only be tentative and the more general 
~ conclusions can be drawn only for this one type of material and 
for this specific age. In addition, only short-term variability 

“gould contribute to the observed errors. Further results, 
however, reported by Stenhouse and Baxter’ point to the relev- 
-cance of the study results to routine archaeological dating over 
_ awider range of sample types, artefact ages and laboratory time. 


- Results and preliminary comments 
Of the results received from 20 laboratories six sets were for 
. various reasons incomplete and thus a total of 143 measure- 
ments was obtained for this single tree. The results for each 
laboratory are shown in Fig. 1, the '*C data across the eight 
‘time points being graphed for each laboratory, along with + 
“twice the quoted errors on each date. Horizontal reference lines 
-cat 5,200, 5,000 and 4,800 yr BP are shown to aid comparison. 
< Figure 1 shows that the laboratory results all overlap in the 
` age-range 5,000-5,200 yr BP and are thus in broad agreement. 
However, inspection of the results indicates the existence of 
- considerable variability; for individual time points, results differ 
-by between 316 and 724 yr, while, for individual laboratories, 
age differences of between 190 and 690 yr are observed. _ 
. . The first stage of data analysis involved a preliminary estima- 
tion of the:time trend through the results by calculating their 
weighted average at each time point, the weights in the averag- 
ing process being inversely proportional to the quoted error. 
The results are presented below, the trend showing the effect 
-of C decay during wood growth and implying the existence 
< of a small fluctuation in mid-section. | | 


- Time point. 1 2 3 4 
© Mean l 5,168.5 5,196.1 5,173.1 $,094.4 
o sem. 8.9 9.5 8.9 7.9 
.. Time point 5 6 7 g 
>- Mean 5,070.0 5,031.4 5,025.2 5,030.7 
* sem = 7.6 70 BA 8.5 


by estimating th 


Of primary interest, however, was an assessment of the variabil- 
ity observed about this trend relative to the claimed variability - 









oted errors. This analysis was performed 
the ‘standardized. residuals’—the differences 
between the observed and estimated time trend divided by the 
quoted errors. By normalizing results in this way it is reasonable _ 
to postulate that if the quoted error does measure the true 
error then most, if not all, of such residuals should be within 
the range —2 and +2. Figure 2 shows the series of standardized 
residual plots, with horizontal reference lines at —2, 0 and 2. 
Such plots visually confirm the impressions of the existence of 
bias for some laboratories and of the more variable nature of 
others. / | 

The relative wealth of data available, however, offers the 
opportunity to provide (1) a more rigorous assessment of bias 
and additional variability for individual laboratories (of par- _ 
ticular interest to the ‘*C analyst), and more importantly (2) 
an estimate of the variability in a typical ‘*C date for the benefit 


of an archaeologist or other user. 7 


as measured 





Evaluation of results 


Throughout the interpretation of the results we have chosen ~ 
to model the true variability using a multiplicative factor 6, 
such that @ x quoted error gives a more realistic measure of 
reproducibility, There are two main reasons for the choice of 
a multiplicative factor rather than an additive term: (1) that a 
multiplicative factor gives a more immediate and simple under- 
standing of the relative magnitude. of the true error involved; 
and (2) the estimation of such a factor 6 is mathematically 
slightly more straightforward, particularly for interval esti- 
mates. (The intervals are a range of plausible values for 6, a 
property of the method being that 95% of the time they will 
contain the true @ value.) 

Nevertheless we concede that in reality any extra variability 
is almost certainly additive in nature. Use of a 6 factor, however, | 
effectively produces the same results as an additive term since 
each laboratory has more or less constant quoted error over 
these samples. 

The significance of 0 is such that 0 = 1 implies that the quoted 
error adequately represents the true error, while 0 < 1 and @ > 1 
imply over- and under-estimation respectively by the quoted 
error. Point and interval estimates for @ are produced 
throughout by use of likelihood methods’. 
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Fig. 2 Standardized residuals plotted against time point for each labora- 
_ tory. ~~, Reference lines at ~2, Qand 2. 











Table 2 Point and interval estimates for bias relative to baselines (1), (2) and (3) 








Baseline (1) 
Interval 
Lab: Bias estimate Bias 
ay. an 53.02 (15.90) 56.28 
Bo ~37.46 {-185,110) —43.34 
: 77.38 {—90,236) 70.75 
i 24.17 {~20,65) 19.78 
5 168.51 (36,300) 163.16 
Des 37.67 (~57,120) 32.85 
G -76.85 {~120,35) ~78.89 
oH ~4,08 
I 33.62 {—10,85) 39.68 
J -3,35 {~65,50) ~6.85 
K 72.36 {25,115} 73.71 
L -33.70 (~-70,0) ~38.65 — 
M ~43,.85 {~112,20) ~ 48.44 
N 6,17 {~ 50,60) -4,91 
O 21.51 (~25,70} 14.82 
P ~ 189,63 (~-240,~-145) ~194,11 
Q 94.37 {~25,205) 123.19 
R 216.35 (—295,~145) ~219.57 
S 25.12 (~20,65) 7.40 
T 379 (~135,63) ~46.26 






(2) (3) 
Interval Interval 
estimate Bias estimate — 
(35.5, 85) 52.5 (13,87) 
(--192,107) ~40.24 (185,93) 
(-90,230) 74,46 (78,214) : 
(~15,55) 22.63 (~12,56) 
(40,302) 166.86 (36,290) 
{(~60,120) 31.27 (~53,110) 
{~125,—35} — 77.97 {—125,—41.5) 
(~21,15) - so oa 
{22.5,57) 42.83 (BI 2 
(~70,50) ~ Lg aM 
(40,110) 72.65 (28,113); 
(—80,0) -35,19 {—72,0) 
(~115,20) —45 09 {106,14} 
(~45,30) - 
(30,55) ~ 
(~245,~150) ~191,2 (~237,-150) 
{(~10,250) 98.86 (~37,225) 
{~-300,-45) ~215.97 {-295,~—144} 
(25,34) 17.56 {—12,50)- 
{~150,55} —41.14 (~137,54} 





~The analysis falls into two main sections, relevant to 
-individual laboratory and group performances. First, individual 
laboratories were assessed for possible bias and @ factors. 

Two obvious choices of baseline and one other justifiable 
choice were: (1) results from high precision laboratories; (2) 
the weighted average of all the results, that is as before; and 
(3) the new weighted average of results from laboratories with 
identifying letters H, J, N and O giving the following results at 
each time point: 


Weighted average 5,186 5,176 5,165 §,134 
| Standard error 15 19 19 18 
Weighted average 5,044 4,997 5,035 5,029 


Standard error 15 16 15 17 


(In all cases the error on the estimates of true age were assumed 
to be adequately measured by the quoted errors, that is either 
counting errors for baseline (1) or standard errors for baselines 
(2) and (3).) With respect to baseline (1) only one high precision 
laboratory’s results were used, that is H, since it had provided 
a complete set of eight results, while laboratory S was not quite 
in statistical agreement with H and I appeared systematically 
biased with respect to H and S). For baseline (2) no results 
were rejected from the study, the main reason for this being 
the assumption that the laboratories in the study form a rep- 


== resentative cross-section of C laboratories as a whole. 


However, laboratories showing a great deal of variability and/or 
bias may influence age results excessively and the baseline for 
the data may then best be defined by considering only 
laboratories whose quoted errors measure their true error and 
which are unbiased relative to each other. Any criterion used 
for rejection of results is necessarily subjective (partly due to 
lack of absolute knowledge about the chronology and the 
inadequacy of additional information concerning each labora- 
tory’s replicate error). Our approach has been to consider the 
two groups of laboratories which were consistent with the 
baselines described in (1) and (2) (the definition of consistent 
being that there is inconclusive evidence that bias and 8 factor 
are different from 0 and 1 respectively). The laboratories con- 
_. tained in both groups were used to provide a basis for calculation 
. Of the new weighted average for baseline (3). 

z Results for each laboratory relative to these baselines are 
‘shown in Tables 2 and 3, the major conclusions being that: 

(1) Many laboratories show bias estimates ranging up to 200 yr. 

Only six, however, have statistically significant biases at the 

5% level while three have point estimates of <20 yr. It is, of 


> course, conceivable that, for any laboratory, bias itself may be 
= variable with time when factors such as different standardiz- 
< ations and laboratory procedures are employed. The results. 


- imply that for most laboratories greater intercalibration efforts 





are necessary. (2) Individual @ factor estimates range from 0.35 
to 4.3, with a median value of 1.4, and thus, in general, quoted 
errors do not adequately express true variability. This seems ` 
to be the case even if detailed intercalibration could remove 
bias factors for a given laboratory. Increased emphasis on 
assessment of @ factors by routine replicate assays seems 
necessary for each laboratory. ee 
(3) Variability in laboratories quoting errors =80 yr (that is, 
laboratories J, K and QO) is considerably less than expected. 


High precision laboratories (H, I and $) are not in agreement, © : 


either through existence of a bias.or through their true errors 
being in excess of their quoted errors. (Relative to baselines 
(1) and (3), @ factors for I and S are 2.6 (I), 2.0 (S) and 25785 
1.70 respectively; relative to baseline (2), 6 factors for H, I a 
and § are 1.27, 1.08 and 1.72.) ee 


Reasons for the differing levels of performance were investi- - 


gated by considering results for each laboratory relative to ~- 
baseline (1) (since results relative to other baselines do not 
differ significantly). The factors evaluated included type of 
pretreatment and method of counting. As mentioned pre- 
viously, differences due to pretreatment were small. However, 
the method of counting did appear to be relevant, most gas 
laboratories having a positive bias, the liquid scintillation 
laboratories having a tendency to be negatively biased and most 
interestingly gas laboratories having smaller @ factors than 
liquid scintillation laboratories. | 

Summary statistics on the 6’*C measurements from each 


laboratory were also prepared. The average laboratory | 


measurements ranged between —23% and ~—264, with most _ 


clustered around ~24%., Correlations between 6 ‘°C and quoted - fe 
C ages were also calculated, several being significantly _ 
different from zero. Due to the small nature of these deviations = 


and the both natural- and laboratory-induced sources of frac- 


tionation, no further analysis of these measurements was per- ` 


formed. o 
Analysis of the group results is, however, of greater _ 
significance to a user of '*C dates because he is often required — 
to interpret results from several laboratories and must do so 
with a realistic awareness of analytical errors. The subsequent — 
analysis was therefore aimed at assessing the variability of 


results in small subgroups formed on the basis of level of median | 


quoted error (m.q.e.) or method of counting. The subgroups 
considered were (1) m.q.e. <20; (2) 20<m.q.e. <45; (3) 45< 
m.q.e. <75; (4) m.q.e. 280; (5) gas counting laboratories; and 
(6) liquid scintillation laboratories (the latter two groups exclud- | 
ing high precision results). | 
The first analysis of the group results involved treating each 
subgroup separately, producing an estimate of bias for eac 
individual laboratory and culminating in a common @ fact 
estimate for all members of the group. The results are s 





Baseline (1) 





A a . j Interval E 

o Lab. estimate ĝxm.q.e 4 
A 0. 84 (0.48,1.6) 48 0.87 
=B ° &23 (2,8,7.7) 190.3 4.02 
| 410 (2.6,7.4) 233.7 3.75 
co D, 1.56 (0.9,2.96) 48 1.30 
» EB 2:64 (1.7,4.7) 184.8 2.55 
_F 1.70 {1.13,3.66) 102 1.61 
G 0.81 (0.46,1.53) | 48 0.94 
> A 1.27 
a oe 2.61 {1.14,6.57) 37 1.08 
a s 0.84 (0.53,1.54) 76 0.92 
© K> 040 (0.18,0.99} 40 0.34 
a Oe 1.127  — - (062,2.16) 41 1.36 
M LIS, {0.72,2.11) 80 1.17 
Te NR 1.23. . {0.53,3.3) 37 1.08 
ee 8 0.77 ~ (0.45,1.43) 62 0.68 
Pe 1.50 (1.21,2.81) 57 1.59 
ce. 122 (0.63,3.81) 67 1.40 
“oR 1,37 (0.85,2.51) 96 1.51 
af 2.08 (0.88,4.88) 37 1,72 
eRe ngs 03 (1.31,3.66}3 122 2.03 


E 


pe 


Interval l a Interval. 

estimate éxm.qe 8 estimate ğxm.q.e 

(0.36,1.1) 29 0.83 o (0.5,1.5) 42 
(2.9.7.8) 180.9 4,32 (2.6,7.2) 194.4 
(2.6,7.3) 213,75 4.09 (23,68) 233.1 

(0.83,2.35) 40 1.30 (0. 8.2.45) 40 

(1.7,4,7)} 178.5 2.63 (1.5,4.6) 184.1 
{1,0,3.2) 97 1.67 (1.05,3.2) 100 
(0:6,1.7) 56 G.91 (0.5.1.7) 54 
(0.8,2.4) 25 ~ ae 
(0.6,2.6) 15 2.57 (4.1,6.2) 36 
(0.6, 1.6) B3 ~ vs 
(0.2,0.8) 34 0.37 (0.14,0.94) 37 
(0,9,2.5) 50 1.12 (0.7,2.1) 41. 
(0.8,2.13 82 1.07 (7197) > 75 
(0.6,2.4) 32 ~ ~ 
(0.5,1.2) S4 ~ ~ 

(1.05,2.8) 60 1.40 (0.84,2.6) -53 
(0.7,4.3) 77 1.45 (0.74,4.7) 80) 
(1.0,2.7)} 105 1.43 (0.92.6) 100 
(1.0,3,5) 31 1.70 {0,9 3.8} 31 
(1,3,4.0) 122 1.97 (1.3,3.7) 118 



























in Table 4a. Time trends through the eight. samples for each 
‘group were also estimated and found, in some cases, to differ 
< significantly. The explanation of such differences, however, is 
‘related to the presence, in some groups, of laboratories with 
- large biases which thus affect the overall! group trend. 
->More importantly the major implications of the Table 4a 
results are as follows: 
- (1) For the study group as a whole, the best estimate of @ is 
4,85 (1.65-2.1) so that, if the laboratories in the study are 
"representative of all "C laboratories the true error- on a typical 
= MC date may be approximately double the quoted error for a 
<o sample of ~5,000 yr age. 
<< (2) Excluding the high precision laboratories, the value of 6 
<> decreases as quoted error (m.gq.e.) increases. The value for 
laboratories of high m.q.e. (280) is surprisingly low, the interval 
- estimate being completely <1 and the true error in years being 
-= actually less than that for laboratories quoting m.q.e.s of 30- 
7S yr. It seems likely therefore that, for these high m.q.e. 
<- laboratories, quoted errors are being calculated on a highly 
‘conservative basis and indeed do represent overestimates. In 
fact, much. of the importance of this inter-calibration exercise 
- centres on the significance of quoted errors and on the lack of 
-a universal method of error calculation. It is therefore to be 
desired that, some time in the future, '*C laboratories should 
-adopt a universal method of error estimation. | 
- (3) For high precision (low m.q.e.) laboratories, while we cannot 
“reject the possibility that the quoted error does quantify the 
‘observed variability, it is likely that, with a @ of 1.30 and an 
_ interval estimate of 0.98-1.88, it does underestimate the true 
< error slightly. Nevertheless, from the value for xm. q.e. of 


analysis are highly significant in reducing errors; the value of 
3.4 is considerably lower than the corresponding value for 
-other groups. 

4) The estimate of @ for gas proportional laboratories is 








; ppilcenony being that, in Benet the latter are more variable 


23.4 it is evident that the procedures inherent in high precision 


approximately. half that for liquid scintillation laboratories, the 


and that perhaps in the future some attention might be paid to 
identifying the apparently uncorrected sources of variability. in 
liquid scintillation methodology. 

From (3) above, it seems likely that many of the answers 
may be found in the high precision procedures already adopted 
in the Belfast liquid scintillation laboratory. 

For a user, however, information concerning relative labora- 
tory bias is generally unknown and thus a more realistic analysis 
would discount possible laboratory bias and would attempt to 
assess the scatter of results purely in terms of 8. This is also 
particularly relevant since bias for any particular laboratory 
may well be variable through time. Using the same grouping 


as in the previous analysis the estimated @ values are presented ~ 


in Table 46. The values for @ have all increased as would be 
expected, the difference in @ estimates reflecting the effective 
reduction in unexplained variability when information about 
bias is available. The conclusions can be summarized as follows: 
(1) Quoted errors are inadequate for the study group as a whole, 
with an interval estimate for @ of 2.3-3.0, and for all subgroups 
other than the high m.q.e. group. The latter in fact seems to 
be more accurate than all but the high precision laboratories. 
It is clear from the range of values for @ that its value is highly 
dependent on the size of the quoted error and thus it is difficult 
to give a single ‘best’ value for it; use of the factor 0 for the 
entire group supposes no information about the dating 
laboratory. 2 
(2) For the high precision boroni a @ multiple of 1.8 is 
suggested and, because the interval estimate excludes 1, the 
quoted error represents an inadequate measure of true error. 
(3) The value of @ for gas laboratories is approximately half _ 
the value for liquid scintillation laboratories so that values of _ 
1.7 and 3.5 respectively might be recommended for users of 
each (for normal precision laboratories only, that is m.q.e. > 20). 


Conclusions 


- The results from the study group provide clear indications for 
some laboratories at least of the existence of systematic labora- 








No. of labs 








in group 6 

o imge s20 3 1.30 
ci 220 emqe. s45" 5 2.14 
. & 45 < mge, s15. 9 1.90 
e 4. m.q.c.280 | 3 0.60 
5. All gas: labikatorics (sion-hight pteiision) 9 1.23 

6. All liquid scintillation mom tgh precision) E:S 2.29- 
20 1.85 


as t Entire sand, group 


Table 4 Group estimates of 4 


a After bias removal 


naetnnnmmenranicieinninctusnnsinatertriret inti rr Ah rere rrr aaaea anaana a anaa aaraa eara 


b No bias removal 


Interval . 
estimate for @ 4xm.q.e o Interval estimate 0 X mage. 
0.98-1.88 23.4 1.73 1.35~-2.2 31.1 
1.87-2.63 81.3 3.01 2.42-3.87 il4 
1.62-2.30 1i4 2.57 2.21-3.1 154 
9.46-0.83 $4 0.71 0.54-1.01 64 
1.04-1.48 _ 74 1.65 1.4-2.0 - 99 
1.93-2.78- 126 2.97 2,562. 169.3 
92 2.60 


1.65-2.1. 2.33-2.95 143 





i tory | bias (both gas and liquid scintillation. laboratories being 
equally susceptible) and of a level of variability not entirely 
explained by the quoted errors. One possible indicator of level 





of true error compared to quoted error is provided by the factor 
9. The appropriate value for 6 is found to be dependent on the 
on available; first, concerning the dating laboratory 
cnowledge of bias, counting method, size and derivation 
ted error) and, second, concerning the sample context. 
he study group as a whole, the interval estimates for @ are 
<1.65-2.1 with a point estimate of 1.85 and (2) 2.30~3.0 









~~ been removed. In both these situations differences in perform- 


ance (as measured by 6) have been observed between normal 
precision gas and liquid scintillation laboratories: in situation 
(1) above, for gas and liquid scintillation laboratories, point 
and interval estimates for 6 are 1.23 (1.04-1.48) and 2.3 (1.93-— 
2.78) respectively and in (2) 1.65 (1.4-2.0) and 3.0 (2.5-3.6) 


_respectively. Thus for gas and liquid scintillation laboratories 
we would propose quoted error multiples of 1.2 and 2.3 for 
Situation (1) and 1.65 and 3.0 for situation (2), the latter 


Ria Se 


condition being presumably more commonly relevant. 


-< With respect to the three high precision laboratories, there 
seems to be some indication that their results are more variable 
than claimed, but, nevertheless, their procedures do produce 
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De novo methylation and expression of retroviral 
~ genomes during mouse embryogenesis _ 
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Retrovirus genomes introduced into mouse zygotes by microinjection of cloned DNA, or into morula stage pre-implantation — 
~ mouse embryos by infection with Moloney murine leukaemia virus (M-MuLV), became de novo methylated and were — 
blocked in expression. No restriction of virus expression and no de novo methylation were observed when post-implantation 
_ mouse embryos were infected with virus. Efficient de novo methylation activity may be an important characteristic of ; 


- gene regulation in early mouse embryos. 


THE introduction of foreign cellular and retroviral genomes 
into early mouse embryos has been ‘used to investigate the 
regulation of gene expression in mammalian development". 


-Early mouse embryos and embryonal carcinoma cells have been 


gene expression 


shown to be non-permissive for DNA virus as well. as retrovirus 
‘16 Recently, we correlated the lack of 


expression of genetically transmitted Moloney murine 
_ leukaemia (M-MuLV) proviral genomes with their high degree 
_ of methylation'’'*. As the retroviral genomes introduced into 
~ the germ line of these mice were unmethylated, de novo methy- 
lation of the proviral genomes must have occurred at some 
-~ point, either during the development of the infected embryo 
and/or as a consequence of their transmission through the germ 
. line, To investigate this, we have introduced M-MuLV genomes 


into pre- and post-implantation embryos. Here we show that 


_ efficient de novo methylation occurred after the introduction 
of virus into pre-implantation but not into post-implantation 


embryos. The resulting de novo methylated genomes were not 


~: 9028-0836 /82 /320623— 06801 Of 


significant improvements in levels of precision, 


ith a point estimator of 2.6 for situations in which (1) labora- | 
-tory bias is known and has been removed and (2) no bias has 


active in a DNA transfection assay and were apparently not 
expressed in early embryos. | 


mouse embryo _ 
M-MuLV genomes were introduced into mouse embryos at 


digestion with SsfI (see Fig. 1). The intensities of the M-MuL\ 


+- 


Note that this study is only a first step towards rationalization 
of '“C dating variability. No conclusions should be overstated 
as each laboratory performed at most eight analyses on only | 



















one wood sample and because a great many variables remain 
unknown. There is, however, considerable need for further 
research of an intercalibrative nature involving different sample 
types and ages. There is apparent need also for investigation 
of internal replicate errors and of additional error sources (in 
liquid scintillation methods particularly) and for adoption of a 
universally acceptable method of error calculation. One should 
also bear in mind that in many ways the sample and laboratory 
procedures in this short study were close to ideal, with well 
preserved and sufficient sample assayed over a short period of _ 
laboratory time. Most laboratories extracted cellulose before 
assay, thereby presumably removing any minor cross-contami- | 
nation effects. It might seem therefore that the error estimates _ 
discussed here represent minimum values which would pos- i 
sibly require enlargement for: degraded/small/contaminated — 
materials; different sample types; and replicate samples counted. 
over a longer time period. The results urge increased caution _ 
in attempting to resolve “C differences of <200 yr. = 

We thank Dr A. Heyworth for supplying the samples of. 
dendrochronologically dated wood. E. M. Scott acknowledges. 
financial support of the NERC. | 
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Integration of M-MuLV genomes into 


different stages of embryogenesis (see Table 1). Pre-implanta- 
tion embryos were infected at the zygote stage by injecting the- 
cloned M-MuLV -containing EcoRI fragment from Mov-3 mice 
either into the male pronucleus (animal 69) or into the cyto- 
plasm (animal 158)° and, at the 4—-16-cell stage, by exposure — 
to M-MuLV virus*. Post-implantation embryos were injected 
at day 8 of gestation with purified M-MuLV virus as described 
previously’. et 1 

The number of M-MuLV genomes present in mouse DNA® 
extracted from 2-4-month-old animals was determined by 
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Fig. 1 Restriction enzyme map of a M-MuLV provirus. The open bar 
represents a M-MulL.V provirus within flanking mouse DNA. Restriction 
sites of M-MuLV were taken from published maps** and sequences*”. 


~ specific Sstl fragments of 5.6 and 2.6 kilobases (kb) from DNA 
_ of the experimental mice were compared with those from DNA 
of Mov-1 mice, thus permitting estimation of the total number 
= of M-MuLV copies present per cell, as described elsewhere’. 
Figure 2 shows the presence of approximately 10 M-MuLV 
copies per cell in the DNA from mouse 69 and one copy in 
‘the DNA from mouse 158. Animals infected at day 3 of 
-development carried between one and three copies and animals 
infected at day 8 of development carried between one and eight 
M-MuLV copies per cell in different tissues (Fig. 2, Table 1; 
compare ref. 19). 

M-MuLV proviruses become integrated at multiple sites into 
pe apenan embryos**, mouse lymphocytes™ and fibro- 
blasts”. Because EcoRI does not cut within the M-MuLV 

; genome, different integration sites of individual proviruses are 
-= eharacterized by different sizes of M-MuLV -containing EcoRI 
fragments. The number and intensities of such EcoRI fragments 
were used here to determine the time at which provirus integra- 
tion took place in embryonal development. A single proviral 
copy inserted into the genome of the zygote will subsequently 
be present in every cell in all tissues of the mouse, resulting in 
an EcoRI fragment with the same intensity as the fragment 
which represents the single-copy M-MuLV genome in Mov 
mice. This has, indeed, been demonstrated for mouse 158 (Fig. 
3, lane b, and ref. 6). DNA from mouse 69, which was derived 
from a zygote microinjected with cloned Mov-3 DNA into the 





Table 1 Organization of M-MuLV copies introduced into mice at different stages 
of embryogenesis 
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No. of 
Time of No. of integration 
infection Animal Organ copies sites 
Pre-implantation 
Stage 
Day 1 69 Li 10-15 1 
158 Li if 1 
Day 3 58~1, 58-2 
61,62 Li, Ki, Br 1-3 1-3 
100-19, 100-21 
 Post-implantation 
- stage 
Day 8 Li 0.5-1 
B58, B59 Ki 2-4 Multiple 
l Br 4-8 
Control Mov-13 Li 1 1 









M-MuLY genomes were introduced into pre-implantation mouse embryos by 
DNA injection at day 1 or virus infection at day 3 of gestation. Microinjection 
_ of the cloned 16.8-kb EcoRI fragment from. Mov-3 mice into the male pronucleus 
_. {animal 69) or into the cytoplasm (animal 158) of mouse zygotes at the day of 

fertilization was performed as described for mouse 158 (ref. 6). Four- to eight-cell 
-~ embryos (that is, day 3 embryos) were infected in vitro as described for anima! 

-- 62 (ref..4). Post-implantation embryos were injected with virus in utero at day 

a 8 of gestation as described elsewhere’. The data from mice B58 and B59 were 
- representative of several similarly infected mice. The number of M-MuLV copies 

_per cell was obtained by SsrI digestion with DNAs from liver (Li), kidney (Ki) 
or brain (Br) by comparison with the Mov-13 DNA (see Fig. 2). This DNA 
‘contained one M-MuLV genome per diploid genome. EcoRI digestion af DNA 

was used to determine the number of integration sites of M-MulL.V in a given 

organ (see Fig. 3). All embryos were of strain C57BL/6 except animals 62, 

100-19 and 100-21, which were ICR and 129 mige, respectively. 


male pronucleus, contained a strong band of 17 kb representing _ 


approximately 10 M-MuLV copies and a single copy fragment 
of higher molecular weight (Fig. 3, lane a). Further restriction 
enzyme analysis indicated tandem head-to-tail integration of 
the injected Mov-3 DNA, the single copy band representing 
Mov-3 DNA together with flanking mouse DNA (data not 
shown). 

When exposure to virus takes place at a later stage (the 
4-16-cell stage), integration can occur at different chromosomal 
sites as well as in different blastomeres. This will lead to less 
intense EcoRI fragments, depending on the segregation of the 
descendants of the infected blastomere during later develop- 
ment and their contribution to a given organ. Several EcoRI 
fragments of varying intensity were, indeed, observed in the 
DNA of such animals (Fig. 3, lanes c, g), indicating that these 
animals were mosaics with respect to the integrated M-MuLV 
copies (compare ref. 4). Germ-line mosaicism of such mice had 
been demonstrated previously’. The results shown in Fig. 3 
revealed that the M-MuLV genomes present in the DNA of 
mice that were infected as pre-implantation embryos integrated 


in only a few chromosomal sites in a given animal. This indicated |< 


that the integration of M-MuLV genomes in these embryos 
occurred soon after the time of infection. Little or no reintegra- 
tion of viral genomes had occurred during later stages of 
development (see below). 

A different pattern of M-MuLV -specific EcoRI fragments 
was observed after infection with M-MuLV at a later stage, for 
example, day 8 of development, when the embryo consists of 
10*-10° cells. A broad smear of hybridization was seen and no 
discrete EcoRI fragments were detectable in any organ of such 
animals (Fig. 3, lanes í, k). This suggested that integration of 
virus took place at multiple sites in a heterogeneous population 
of cells. Each infected cell divided to form only a small fraction 


of the total number of cells in the respective tissue. We have _. 


shown previously that after postnatal infection of mice with 
M-MuLV, significant amounts of proviruses were not found in 
cells other than those of lymphopoietic origin'’. The copies of 
M-MuLV in the non-lymphatic organs liver, kidney and brain 
of day-8 infected mice (Fig. 2b) therefore indicated prenatal 
virus spread. This conclusion was supported by in situ hybridiz- 
ation experiments (Fig. 4). At 4 days after injection of virus, 
multiple foci of cells expressing viral RNA were detected in 
liver and brain cells as well as in cells of other tissues. Viral 
proteins were detected similarly in multiple cells by 
immunofiuorescence (not shown). Thus, efficient virus replica- 
tion and infection took place at mid-gestation, These results, 
summarized in Table 1, suggested that the M-MuLV DNA 


detected in the adult integrated into the mouse genome at or ~ 


soon after the time of the introduction of viral genomes. 


De novo methylation of M-MuLV proviruses 


The methylation of CpG dinucleotides in M-MuLV genomes 
present in the DNA of animals infected during different stages 
of embryogenesis (see Table 1) was analysed with methylation- 
sensitive enzymes’***. Because newly synthesized retroviral 
DNA, the precursor of the provirus, is not methylated, the 
presence of 5-methylcytosine will reveal that de novo methyla- 
tion has occurred between the time of integration and the time 
of DNA preparation. A given site can either be methylated or 
unmethylated. However, when studying the DNA froma popu- 
lation of cells, the same restriction site can be methylated in 
some molecules and unmethylated in the rest. Due to this 
heterogeneity, intermediate levels of methylation have been 
found in several analyses’ 7s, The presence of methyl groups 
in M-MuLV genomes was analysed by the resistance of the 
M-MuLV-specific Sstl or EcoRI fragments to digestion with 
the methylation-sensitive enzymes Hhal, Aval or Hpall (see 
Fig. 1). In all the DNAs from animals infected as pre-implanta- 
tion embryos, the 2.6-kb Ss/l fragment was highly resistant to 
digestion with all three enzymes (see Fig. a The 5.6-kb Ss 






Fig. 2 . Estimation of M-MuLV copies in DNAs from mice 
infected during embryogenesis. High molecular weight DNA 
was prepared, samples of 5-10 ug were cleaved with Sst, 
separated on a 0.7% agarose gel and transferred to a nitrocel- 
lulose filter as described previously'’. The filters were hybrid- 
ized with a cDNA enriched for sequences specific for M-MuLV 
- and- washed after hybridization at 50°C as described else- 
-where*®. A, DNAs from animals infected as pre-implantation 
sryos. Lanes a,b, liver DNA from animals 69 and 158, 
spectively; lanes c-e, DNA from liver, kidney and brain, 
spectively, of animal 58-1; lanes f, g, DNA from liver and 
~brain, respectively, of animal 58-2; lanes A, i, liver DNA from 
-animals 100-19 and 100-21, respectively; lane j, embryo DNA 
from Mov-13 mice’, containing one copy of M-Mul.V per cell. 
B, DNAs derived after infection of post-implantation embryos. 
Lanes a-c, DNAs from liver, kidney and brain, respectively, of 
animal B58; lane d, embryo DNA from Mov-1 mice, containing 
two copies of M-MuLV per cell; lane e, DNA from C57BL/6 
mice. The bands present in all DNAs are due to cross-hybridiz- 
ation of the probe to DNA of endogenous retroviral genomes 
of the mouse”’. These bands served as an internal standard for 
the amount of DNA present in each lane. The intensities of the 
5.6- and 2.6-kb M-MuLV-specific Sst] fragments in DNAs from Mov mice, 











the other DNAs (see Table 1). As Mov-1 is of BALB/c background, band 


(compare lane d with lane j, A). 


~ fragment was similarly resistant to cleavage with Hhal and 
Aval and to some extent with Hpall. : 


.. From the results shown in Fig. 5A we calculated that 70-95% 
-of each of the sites had become de novo methylated in these 
DNAs (see Table 2). Our calculation was based on the assump- 
tion that every site was methylated to the same extent. This is 
supported by the following observations: (1) The resistance of 
both Ssi fragments did correspond to the number of cleavage 
sites present. Such a cumulative effect of multiple sites argued 
against the presence of certain sites with low levels of methyla- 


Amannman naene 
ico Table 2 De novo methylation of M-MuLV genomes at Hhal, Aval and Hpall 
EEDE sites in organs of animals infected during embryogenesis 











Level of 


N ; methylation 
Time of 


at individual No. of 

infection DNA sites (%) sites 
Pre-implantation 69 Li 70-95 44 
stage 158 Li 70-90 44 
58-1 Li 70-95 22 
58-1 Ki 70-95 22 
58-1 Br 70-95 22 
58-2 Li 80-95 44 
58-2 Ki 70-90 22 
58-2 Br 70-90 22 
61 Li 70-95 44 
62 Li 70-95 22 
100-19 Li 70-95 44 
100-21 Li 70-95 44 
Post-implantation pse {Li <20 i 
" stage B59 ļ Ki < 20 il 
Br < 20 11 


See Table 1 legend fo details of infection and organ description. The level of 
de novo methylation in M-MuLV genomes present after infection of pre-implanta- 
tion embryos was determined by the resistance of the M-MuLV-specific 5.6- and 
2.6-kb SstI fragments to digestion with Hhal, Aval or Hpall (see Fig. 5). Only 
sites sufficiently distant from the Sstl sites to reduce the size of the Sst fragments 
are included in the results. The 5.6-kb fragment has 25 Hpal sites, the 2.6-kb 
fragment 7 Hpall and 7 Hhal sites (see further in Fig. 1}, With the exception 
of some Aval sites in liver DNA of animal 69 (Fig. 5A, lane Ic), no preferential 
sensitivity of any site was seen. Therefore, assuming similar levels L of methylation 
in all n sites of a given enzyme present in an SsrI fragment, L = "VI, where I 
is the. resistant fraction of the fragment obtained from the autoradiogram by 
visual inspection. If a fragment containing two sites for, for example, Hhal, is 
-70% resistant to cleavage with Hhal, then the level of methylation in both sites 
_ is 84%, The range in the percentage of methylation is due to differences observed 

_ With several enzymes and to the inaccuracy of determination of intensities. The 
level of de novo methylation in DNAs from animals infected at the post-implanta- 
tion stage was estimated from the intensity of fragments appearing after digestion 
with Hhal or Aval. The intensity of each fragment appearing is dependent on 
the presence of two unmethylated sites, thus L =1-?VZ. I was >70% for all 
the M-MuLV fragments, compared with fragments of similar size derived by 
methylation-insensitive enzymes from the same DNA (see Fig. 6). In some cases 
no results for the HpaII digestion of the 5,6-kb fragment are given, because a 
low number of M-MuLV copies per cell does not allow determination due to the 
multiple sites (see above). Four Hhal and seven Aval sites resulting in fragments 
> 0.6 kb were included in the analysis of appearing fragments (see Figs 1, 6). 


A, lane j and B, lane d, were used to estimate the number of M-MuLV copies in 
s derived from endogenous viruses. are weaker with this probe than in C57BL/6 
































tion. (2) No digestion products were found in the digests with - 
the methylation-sensitive enzymes. Therefore, no detectable- 
fraction of the total M-MuLV genomes had remained com-.— 
pletely unmethylated, nor was there evidence for a number of 
sites methylated to a low degree. The latter conclusion was’ 
valid only for the Hhal and Aval digestions, as Hpall diges- j 
tions could result in many undetectable digestion products (see ` 
Fig. 1). The above results suggested that the observed digestion 
of Ssl fragments of M-MuLV with Hpall was only due to the 


presence of multiple sites, all of them methylated at a high level... Ki 
(see Table 2 for calculation) rather than to a lower level of © 


methylation at such sites in a fraction of genomes. EcoRI/Hhal 
digestions of these DNAs revealed that some of the EcoRI |. 
fragments containing a M-MuLV provirus and several kilobases 
of flanking mouse DNA were highly methylated in all Hhal © 
sites present (see Fig. 3, lanes d, f, h). ear enee, 

In contrast to the above results, the M-MuLV genomes that. 


integrated in post-implantation embryos showed a low degree 


of de novo methylation. The Sst] and Ecol fragments (see Fig. 
5B and Fig. 3, lanes j, l) were almost completely digested with 
methylation-sensitive enzymes. No digestion products due to 
partial methylation of sites were visible. The levels of methyla- 
tion in these DNAs were determined by digestions with Hhal 
or Aval (see Table 2 for calculation). The intensities of the 
fragments appearing were compared with those of fragments 
of similar length derived from digestion of the same DNAs 
with the methylation-insensitive enzyme Sst] (see Fig. 6). ` 
Methylation of some of the sites would reveal fragments | 


a b c de f 


gh i j k im 





Fig. 3 Integration sites of M-MuLV genomes introduced into mouse 
embryos. The DNA samples were digested with EcoRI (lanes a, b, c, e, g, 
i, k, m) or EcoRI plus Hhal (lanes d, f, h, j, D). The completeness of the 
digestions was tested by addition of cloned M-MuLV DNA to a part of 
each digestion mix. The DNAs were separated on 0.5% agarose gels, a 
M-MuLV-specific cDNA being used for hybridization. Lane a, 5 ug of liver 
DNA from mouse 69; lane b, 10 ug of liver DNA from animal 158: lanes 
c~f, 20 ug DNA from animal 58-2, from kidney (c,d) and brain (e, f) 
Lanes g, h, 10 pg of DNA from kidney of mouse 100-21; lanes i~i: 10 ug... 
DNA from animal B58, from kidney (i, j) and brain (k, 1); lane m, 10 ug 
of embryo DNA from Mov-13 mice, containing one copy of M-MuLV> 

per cell, eee 

















differing in length and intensity from those derived from a 
completely unmethylated (that is, cloned) genome. Our analysis 
showed that at least 80% of the genomes introduced into 
post-implantation embryos remained completely unmethylated 
in 11 sites analysed. Because no partial digestion products or 
completely methylated genomes were visible (see also Fig. 5), 
we conclude that all 11 sites were methylated to less than 20% 
(see Table 2). Thus, these experiments demonstrated a striking 





Table 3 Infectivity of DNA from organs of mice infected with M-MuLV during 





embryogenesis 
Specific 
Time of No. of infectivity 
infection DNA XC PFU x 10° 
Pre-implantation 69 Li 0 <00 
stage 58-1 Li 0 
S8-1 Ki 0 
61 Li 0 Me 
100-19 Li 0 
Post-implantation B58 Li 8 1.4 
stage B58 Ki 24 0.7 
B58 Br 46 1.0 
Controls Mov-1! Sp 10-20 1.8 
CS7BL Li 0 D 
i ng pMov-3 500 g 





The number of XC plaque-forming units (PFU) is given as a mean value from 
30ug DNA tested in two independent transfection assays as previously 
described’’. Specific infectivity of DNA, defined as the number of XC PFU per 
viral genome, was calculated from the number of M-MuL’V copies present in the 
respective DNA (compare Table 1), Infectivity of DNA from preleukaemic Mov-1 
spleen is due to one to two M-MuLV copies acquired postnatally'’, DNA from 
The highly infectious pMov-3 clone (specific infectivity 8x 10°° PFU per viral 
genome}'*, which was used for injection into zygotes (animal 69), was included 
as a control, 


Fig.4 Detection of M-MuLV RNA in 
post-implantation mouse embryos by in 
situ hybridization. Mouse embryos were 
infected in utero at day 8.5 of gestation 
with M-MuLV {see Table 1). Four to 
five days after infection, frozen sections 
of whole embryos were prepared, 
hybridized in situ with *H-labelled 
M-MuLV cDNA, and finally counter- 
stained with Giemsa stain as described 
previously**. a, Mantle layer of cerebral 
cortex showing focal expression of 
M-MuLV RNA; $, cerebral cortex of 
control embryo: c, foci of viral RNA in 
liver tissue; d, liver of control embryo. 
«486, 





difference in de novo methylation of M-MuLV genomes: a 
highly efficient de novo methylating activity is present only in 
pre-implantation embryos but not in  post-implantation 
embryos or after birth. Furthermore, the methylation of 
M-MuLV genomes introduced into pre-implantation embryos 
was maintained over many cell generations. 


Expression of M-MuLV in infected embryos 
correlates with the 
infectivity of proviral DNA in the adult 


Previous results have shown that pre-implantation mouse 
embryos are not permissive for virus replication’*'°. The EcoRI 
pattern of M-MuLV-specific fragments indicated that infection 
with M-MuLV and integration of viral DNA did occur; 
however, virus spread, that is, virus expression, was not detect- 
able in early mouse embryos, but did occur later in development 
in an unknown population of cells, leading to viraemia in the 
adult (compare ref. 5). In contrast, virus integration into cells 
of mid-gestation embryos led to expression and efficient spread 
throughout cells of all tissues of the infected embryo (Fig. 4). 
Therefore, those viral copies found in adult animals derived 
from infections of post-implantation embryos have been 
actively expressed after integration in most of the cells. 

DNA transfection was used to study the biological activity 
of the same M-MuLV genomes as were analysed in previous 
sections. Table 3 shows that DNA containing M-MuLV 
genomes integrated in pre-implantation embryos was not in- 
fectious. The DNA from animal 69 carried 10-15 copies of 
pMov-3 DNA per cell. Thus, the injected DNA was several 
hundredfold less infectious after passage in the mouse than 
before injection. In contrast, the copies that were introduced 



















E mouse Bvil (2a, 6), brain of 


-5 Methylation of M- 
MuLV genomes. DNAs were 
analysed from mice infected as 
pre-implantation (A) or as post- 
implantation (B) embryos. All 
‘samples were digested with SsrI 
.- and also with: 6, Hhal; c, Aval; 
“d; Hpall. A, DNA from liver of 
69 (1a~d), liver of mouse 
58 (2a-d), kidney of mouse 
8-1 (a-d), liver of mouse 
8-2 (4a-d), C57BL/6 mice 
Sa-d). B, DNA from kidney 
of mouse B58 (1a-d), kidney of 


mouse Bv12 (3a, 6). The posi- 
tions of DNA fragments of 
M-MuLV derived after double 
digestion with: @, Hhal; O, 
Aval, », Hpall are indicated. 
The cDNA was not repre- 
sentative of all sequences of 
M-MuLV; therefore, the 
intensities of the fragments did 
not correspond to their sizes 
{compare ref. 4). 


into post-implantation embryos were as infectious as those 


| integrated after birth. Previous results from this laboratory have 
correlated DNA methylation and expression of M-MuLV 


genomes with infectivity in a transfection assay'”'*?". The 
results described in Table 3 indicate that viral genomes which 
were de novo methylated after integration into pre-implantation 
embryos are non-infectious in the adult animal. Thus, both 
persistence of viral genome methylation and non-infectivity 
may be sustained by a maintenance methylase activity**°°*! 
for as long as 5 months after birth. In contrast, viral genomes 
inserted in cells of mid-gestation embryos are expressed, remain 


„unmethylated and are infectious in a transfection assay when 
-isolated from the adult. 


Discussion 


We have shown previously that pre-implantation mouse 
embryos are not permissive for replication of M-MuL V2, Viral 
DNA, however, can integrate efficiently into the embryo DNA 
and mouse substrains designated as Mov-1 to Mov-13 that 
carry M-MuLV in their germ line have been derived from 
infected embryos’. Virus is activated in some of these sub- 
strains and the available evidence suggested that the develop- 
mental stage at which virus activation occurs depends on the 
chromosomal position of the provirus’. Further analysis showed 


_ that the genetically transmitted proviral genomes in several 


organs of Mov substrains were highly methylated and non- 


- infectious in a transfection assay!”"*. 


We have shown here that retroviral DNAs become de novo 
methylated on integration into the genome of pre-implantation 
embryos as assayed in organs of the adult derived from the 
infected embryo. This was observed after exposure of the 
embryos to infectious virus as well as after microinjection of 
cloned viral DNA with flanking mouse sequences. In contrast, 
virus introduced into post-implantation embryos replicated 
efficiently in most o all embryonal cells and the integrated 
proviral genomes remained largely unmethylated when assayed 
in the adult animal. The difference in de novo methylation was 
also reflected in the transfection assay: DNA from animals 


exposed to virus at the pre-implantation stage was not infec- 


tious, in contrast to DNA from animals exposed to virus at 


.. mid-gestation. Thus, our results suggest that an efficient de novo 


methylation activity may be characteristic of cells of the pre- 


implantation stage and may be absent or less effective in cells 


of later embryos. This activity correlates with non-permissivity 
to virus expression. Furthermore, our results show that the 
maintenance methylation activity is faithful in preserving the 
respective methylation pattern of the proviral genomes 
throughout the life of the animal. The de novo methylation 
activity in embryonal cells may be of general significance, as 







not only viral but also globin DNA (F. Costantini and E. Lacy, 
personal communication) and a metallothionein-thymidine 
kinase fusion plasmid** became de novo methylated after micro- 
injection into mouse zygotes.. 

Recent experiments obta ned in tissue culture systems have 
demonstrated that embryonal carcinoma cells have an efficient 
de novo methylation activity, in contrast to differentiated cells”, 
and that methylation correlated with gene expression. In these 
experiments we analysed the fate of the infecting DNA: the 
viral DNA remained unmethylated as long as it was unin- 
tegrated and became de novo methylated soon after genomic 
integration. This is relevant for the observation that DNA 
microinjected into mouse zygotes*** or into Xenopus eggs” is 





Fig.6 M-MuLV genomes are not methylated in DNA from mice infected 
at the post-implantation stage. Lack of methylation was demonstrated by 
(1) appearance of equimolar M-MuLV-specific fragments after digestion 
of DNAs from mouse B59 and cloned M-MuLV DNA with Aval and 
Hhal and (2) by comparing the intensity of the 2.6-kb fragment derived 
from digestion of DNAs from B59 with the methylation-insensitive enzyme 
SstI to the intensity of fragments of similar size derived from digestion of 
the same DNAs with the methylation-sensitive enzymes Hhal and Aval. 
DNA (10 ug) from brain and kidney of animal B59 were separated on a 
0.8% agarose gel. The hybridization was performed with a nick-translated 
M-MuLV DNA. Lane a, Aval- digest of plasmid p9-2, containing M-MuLV 
DNA”; lanes b-d, Aval-, Sstl- and Hhal- digested brain DNA, respec- 
tively; lane e, Hhal digest of 9-2; lanes f-h, Hhal-, Sstl- and Aval- digested 
kidney DNA, respectively; lane i, Aval digest of p9-2; lanes k-m: Aval-, 
SstIl- and Hhal- digested C57BL/6 DNA, respectively. The positions of 
the M-MuLV-specific 2.6-kb Sst fragment (O) and of the two plasmid 
sequences containing Aval fragments of p9-2 (@), which are therefore not 
found in DNA from B59, are indicated. 
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~ cells may depend on the chromosomal position where integra- 
¿> tion took place, and proviral genome activation may thus be 
regulated by similar mechanisms to those proposed for the 
- tissue-specific activation of developmentally regulated 
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_ THE mitochondrial gene cob-box of Saccharomyces cerevisiae, 
; _ which specifies the apocytochrome b, exhibits a mosaic organiz- 
ation of exons and introns’*. Respiration-deficient mutants 


Exon mutants belong to a single complementation group while 
intron mutants belong to separate complementation groups’. 
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Our results. suggest that embryonal cells may possess an 


have been mapped in both the exons and introns of this gene. 








es 


nes*"*?, Gene activation of the proviral genome in Mov 
ce seems to be 


compatible with such a hypothesis’, 





efficient de novo methylation activity that inactivates any DNA 
which is introduced into the early embryo. This may have 
evolved as a mechanism to protect the developing embryo 
against the deleterious consequences of virus infections, Finally, © 
our results pose intriguing questions concerning the control of 
gene expression during early development, and it will be of 
great interest to study the methylation of genes that are active 
in pre-implantation embryos and embryonal carcinoma cells. 
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Single base substitution in an intron of oxidase 
gene compensates splicing 
defects of the cytochrome b gene 


Geneviève Dujardin, Claude Jacq & Piotr P. Slonimski 


Centre de Génétique Moléculaire, Laboratoire propre du CNRS, associé a Université Pierre et Marie Curie, Paris VI, 
F-91190 Gif-sur-Yvette, France 


An extragenic suppressor mutation, mim2-1, which compensates yeast mitochondrial mutants deficient in splicing of the 
cytochrome b gene, has been mapped and sequenced. The mutation is due to a single G > A transition in the long open 
< reading frame of the fourth intron of the oxidase subunit one gene. It causes the replacement of a glutamic codon by a 
lysine codon and the expression of a novel MRNA maturase active in splicing. Evolution and regulatory connections 
-between homologous introns of nonhomologous genes are discussed. | 





Intron mutations have been shown to block the processing of 
mRNA®*, DNA sequence analyses of trans-recessive intron 
mutations and characterization of the mitochondrial translation 
products suggest that trans-acting proteins, ‘mRNA maturases’, 
involved in splicing are encoded by the two long open reading 
frames present in the two main introns of the cob-box gene, 





bI2 nn bI4 eN 6, 10). The mRNA maturase ibda of oiai 
homeostasis can be used as a paradigm of the regulation of 
split genes in yeast mitochondria’ ®"', 

Numerous intron mutations of the cob- box gene result in a 
pleiotropic phenotype: they prevent not only the synthesis of 
meb but also that of subunit I of cytochrome oxidase. 
otein is itself encoded by another mosaic mitochondrial 
oxi, The lack of expression is due to a block in the 
orrect processing of the oxidase pre-mRNA. More precisely, 
ie fourth intron b74 of the cob-box gene has been shown to 
control the expression of oxi3'*’. The fourth intron al4 of 
= othe oxi3 gene displays a very striking sequence homology to 

the intron 6/4 but no sequence homology is found between the 
exons of the two genes’*. There is evidence that the mRNA 
maturase encoded by the intron b/4 is involved i in excising the 
two introns b/4 and al4 of the two distant genes” 
To investigate the function of introns and various components 
of the mitochondrial splicing machinery, we have developed a 
= general method of selecting and genetically characterizing 
i extragenic Suppressors of splicing-deficient mutations located 
~~ in introns’*. The suppressor mim2—1 is particularly interesting 
A as (1) it is localized in mitochondrial (mt) DNA; (2) it com- 
-< -pensates all the trans-recessive box7~ mutations in intron b14, 

-but does not compensate any of some 450 mutations located 

elsewhere in the mitochondrial genome; (3) when mim2-1 is 

“associated with a complete deletion of the cob-box gene (leading 

to a total deficiency of cytochrome b and oxidase) oxidase 
synthesis is partially restored while cytochrome 6 is still 
absent'®, These observations suggest that in the presence of 
mim2-1, the cob-box gene and the mRNA maturase encoded 
by it are no longer required for splicing and expression of the 
oxidase gene. 
= = We have now localized the suppressor mim2-1 in the intron 
.. @k4 of the oxi3 gene, determined its nucleotide sequence and 
compared it with that of the wild type. We show here that the 
-suppressor mutation is due to a single base substitution in the 
"intron open reading frame and we suggest that it brings about 
the synthesis of an active compensating mRNA maturase 
encoded by intron al4. 













Suppressor mutation is on mitochondrial 
DNA in the oxidase gene 


The suppressor mutation mim2-1 was localized on the 
mitochondrial genome by using rho” deletion mapping accord- 
ing to the first procedure described in ref 15. Three rho” 
< (respiratory-deficient mutants that have large deletions of the 
~~ tnitochondrial genome) clones which retained the mim2-1 
< mutation were obtained (see Fig. 1) and genetically character- 
ized for the retention or loss of various markers that had 
previously been mapped in different mitochondrial genes. The 
rho” clones were able to restore, in crosses, the respiratory 


Table 1 Genetic mapping of the suppressor mutation in the oxidase gene 
oxi3 mutants 


rho” G20 G789 G2342 G656 G2133 G2027 G2508 
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sufficiency of two classes of mitochondrial mutations from. two 







rho” 
F3 F42 F434 
s1215 Be fra iB EB |ras EL EB | rass 
rho * F6 F49 l F431 


Fig. 1 Genealogy of rho~ derivatives carrying the suppressor mutation; - 
rho™ were selected after ethidium bromide (EB) mutagenesis of the revers 
tant rho” $1215 and subcloned as described in ref. 15. D 





distinct regions. (1) They successfully restored all box7~ muta- 
tions of the cytochrome b gene at 28 °C and poorly or not all 
at 18 °C. This is consistent with the observation that the mim2- 
1 suppressor, which they carry, is cryosensitive'*. (2) The clones. - 
restored equally well at both 28°C and 18°C several oxi3 
mutations of the oxidase gene, showing that they have always. — 
retained the suppressor mim2-1 and several oxi3 markers — 
which can be introduced by recombination. We conclude that 
the mim2-I mutation is located in or near the oxi3 gene... o. 

Additional rho~ subclones with smaller mitochondrial 
genomes, but still carrying the suppressor, were generated (see. 
Fig. 1). Table 1 represents a simplified genetic map of the oxi? 
gene and the segments of mitochondrial genome retained by 
the nine rho” clones studied. The clones display distinctive 
genotypes but have retained a coherent region of mtDNA with 
no internal rearrangements. The retained segments of the rho” 
clones overlap a precise region, located approximately in the 
middle of the genetic map of the oxi3 gene, where the oxi3~™ 
mutations oxi3-G192 and oxi3-—G2190 are also located”, 

Thus the suppressor mim2-1 can be localized in the oxi3 
gene near the oxi3 mutations G192 and G2190. 


Suppressor mutation is in the fourth intron of | 
oxidase gene 


To determine which segment of the oxi3 gene contains mim2~1 
we prepared mtDNAs of the two overlapping and genetically 
simple rho” clones carrying mim2~—1, F431 and F439. We 
performed restriction analyses of the two genomes and com- 
pared the results with detailed restriction maps of the wild-type 
oxi3 genet. The genomes of these two rho™ clones exist 
as tandem repeats with unit lengths of 2.2 (F439) and 5 (F431) 
kilobases (kb). The restriction maps of the two clones are 
completely consistent with the rho” maps already reported. 
They have retained contiguous segments of mtDNAs with no ©. 
internal deletions or inversions. The absence of a Haelll site = 
in F439 and any HindIII site in F431 shows that the overlap 
between the two genomes spans the segment between the 
Haelll and the HindIII sites (Fig. 2). This 865-base pair (bp) 
fragment contains an internal Hphl site present both in F439. 
and F431. The mim2~-1 mutation can thus be assigned to this | 
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os e clones which have retained the mim2-1 mutation have been crossed with different rho oxi3 ~ mutants; +/— denotes presence) abe nce 
©. wild-type rho” oxi3” recombinants in the diploid progeny. As expected from their lineage (Fig. 1), the genomes F42, F43 and F49 are incl 
within the larger genome F4 and the genomes F434, F439 and F431 within the genome of F43. The oxi3 map is consistent with previous result 








oan and genetic methods have been described previously'” 









of mitochondrial geste retained’ in. rho” clones F431 and F439 both: carrying the mim2-1 mutatio: he 


oa by slanted edges. The middle bar represents the general organization of intron al4# and flanking c exons Ad and. AS (sù are T Ther restriction s sites used for d 











Suppressor mutation 
oxi 3 GAA = giu—« oxi 3-mim2-1; AAA = lys 
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: mapping, cloning and sequencing are shown. The bottom panel represents the DNA sequencing. strategy: ‘arrows indicate. the. direction. and approximate length of 
‘the fragments sequenced, the restriction sites used for 5’-end-labelling are denoted by a short vertical bar. Nucleotide distances are given: ‘from the Haelll site (0) 
` jocated at the beginning of intron a14. The mutation mim2~-TI is at position +354. Mitochondrial DNAs were prepared according to ref, 10. A 1,440-bp fragment 
between the cleavage sites of BamHI and HindIII was isolated from the rho™ genome F43 (Fig. 1, Table 1) and inserted into the. plasmid: vector pBR322 by in 
| pitro recombination following the method described in ref. 24. Plasmid DNAs were prepared according to ref. 25. The recombinant DNA was digested with Haelll 
and HindIII and an 865-bp fragment was isolated by agarose gel electrophoresis. This fragment was entirely sequenced by the method of Maxam. and Gilbert**. 


The Haelll-~Hindlll fragment was then further. digested by Sau3A 
(= Mbol), or by Hphl and fabelied at the 5’ ends with [y- P]ATP. Three of 


a 
T E a ee the four resulting fragments were then denatured and separated by gel 
electrophoresis. The fourth one (the largest 347-bp Mbot fragment) was 
ae hphi oO recut by either Alul or Mall, allowing a good sequencing across the central 
Sa | part of the fragment. h, Nucleotide sequence of the intron fragment carrying 
: baml ‘hep me een hphi hind i the suppressor mutation mim2-1. Upper-case letters represent the nucleo- _ 


tide sequence established in the present work of the 865-bp fragment. 7 
carrying the suppressor mim2~-1 between the Haelll and Hindlll sites in | 


slut mati mbol intron al4 (see a). The sequence of the sense strand is displayed inthe foy | 
eee : orientation. The amino acid sequence of the intron open reading frame is © 
Die aie ae oe 3 ee A indicated in lower case. The two lines represent the corresponding wild-type 
DNA PETENS hen PEUS sequence established by Netter et al.”°. The first rectangle shows that the 
strategy ae es suppressor mutation is due to a GA substitution; the second shows the 
: 354 s65 polymorphic variation between different wild types (see refs 14 and 20). 
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indIl-Haelll segment in the oxi3 gene. eer to Bonitz 
this fragment is part of the fourth intron al4 of the 
ne: the Haelll site is located 9 bp downstream from the 
ing f the intron and the HindIII site is located well 

ntron. The 865-bp fragment carrying the mim2-1 





‘mutation is therefore entirely within intron al4. This physical 


location is in good agreement with the genetic one, as Netter 





‘et al”? have shows. by sequence analysis that the mutations 


axi3-~G-192 and oxi3~G2190 are placed inside the intron al4 


| “and, as discussed above, the mim2-1 is linked to G192 and 


G2190. We conclude that the suppressor mim2-1 is located 
completely inside intron al4 of oxidase gene. ii 
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Suppressor mutation. results from single base 
substitution in intron open reading frame 


We have sequenced the Haelll—HindIll fragment containing 


the mim2-1 mutation according to the strategy described in 


Fig. 2. This sequence was compared with the corresponding 


wild-type sequence of the isomitochondrial strain 777-3A (ref. 


20). The suppression is due to a single G > A transition (Fig. 3) _ i 
in the intron open reading frame at position +354 (Fig. 2). 


This substitution replaces a glutamic acid codon in the wild 
type by a lysine codon in the suppressor. No other changes 
occur in the entire. sequence. i 
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{=~ 0xi3-mim2-1 oxi3* 


«Figs 3 Sequencing gel demonstrating the base substitution of the 
“= suppressor mutation. The mutated mim2-1 and corresponding 
= wild-type sequences are shown on 8% acrylamide sequencing gels. 
-i Both strands of Mbol fragment were sequenced. The base change 
corresponding to the mim2-1 mutation that is 36 bp distant from 

the Mbol site is more visible on the sequence of the nonsense 
strand. The mutation corresponds to a substitution on the nonsense 
strand of a C in the wild type by a T in the mutant. On the sense 
strand this gives a G> A substitution at position +354 (Fig. 2). 


. Novel mRNA maturase translated from 
— oxidase intron replaced normal maturase 
- translated from cytochrome 6 intron 


There is recent evidence that, in the wild type, the splicing of 
-. both introns al4 of the oxidase gene and b/4 of the cytochrome 
: b gene is controlled by a pleiotropic mRNA maturase translated 
from b/4 (refs 10, 20). The activity of this maturase, designated 
bI4 maturase, involves the same set of cis-acting signals present 
in both introns, in particular box9* and box2* nucleotide 
sequences in b/4 and their equivalents in al4 (see Fig. 4 and 


Cytochrome b 


Cytochrome oxidase 
subunit I ees mim2~1 





Fig.4 General organization of the two homologous introns, 6/4 
and al4, of cytochrome b and cytochrome oxidase genes. B4, BS 
and A4, AS represent respectively the exons of cytochrome b and 
cytochrome oxidase genes. The regions of extensive sequence 
homology betweem the introns bI4 and al# are depicted by solid 
and hatched segments. Both introns are physically composed of 
- two distinct regions: a long open reading frame (large rectangle) 
followed by a blocked frame (narrow rectangle)'®:!*°. In intron 
bI4, two, sglusters of box” mutational sites, which prevent 
i splicing”? , have been mapped: (1) box7 cluster composed of 
trans -recessive mutations’ which generate nonsense codons in the 
“intron’s open reading frame’ : (2) box9 cluster composed of 
cis-dominant mutations’ which are all localized in a dodecanucleo- 
tide signal sequence’”. In intron al4, two cis-dominant mutations 
have been localized in the homologous signal sequence (hatched 
area)”; no oxi3” trans-recessive mutations have been found until 
now. The oxi3-mim2-1 mutation occurs 150 bp downstream from 

the cis-acting signal sequence. 
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Fig. 5 A model for the normal, deficient and compensatory 


regulations between the introns of two genes. The drawing rep- 


resents pre-mRNA molecules transcribed from two genes. The ~ 


oxidase subunit I (Cyt a) and cytochrome b (Cyt b) exons are 
shown in solid and intron open reading frames in hatched areas. 
The reading frames are 966 and 1,158 bp long respectively, In 
the wild type (top), intron b/4 encodes (thick arrow) a trans-acting 
mRNA maturase which is involved in splicing of both introns, big 
and ald (thin arrows). A bex7 mutation (middie) that creates a 
stop codon at position 405 (AAA > TAA) in 6/4 prevents the 
synthesis of the maturase and the two introns are no longer 
excised”. The unspliced pre-mRNA of al4 accumulates and could 
be translated into a p56 protein devoid of maturase activity (see 
text). In a double mutant carrying the oxi3~mim2Z-1] mutation 
(bottom), the protein translated from al4 has acquired the 
maturase activity due to the replacement of the glutamic (E) by 
the lysine residue (K). This novel protein permits splicing and 
expression of both genes. 


refs 10, 20). We propose that the mim2-1 mutation induces. ae 
the synthesis of an active al4 maturase that would not occur _ 
in the wild type and that it is translated from the oxidase intron. 


This novel maturase would act as a substitute for a deficient 


bI4 maturase, using the same set of critical sequences present © 


in both pre-mRNAs. Such a hypothesis (summarized in Fig. 5) 
explains all the known facts: the suppression by mim2-I of 
bI4 maturase-deficient mutants and the absence of suppression 













of box9” or box2~ mutants; the synthesis of oxidase in the 9 | 


presence of a complete deletion of the cytochrome 6 gene'® 


and sequence homology between al4 and bI4 (refs 10, 14, 20). : 


How is a new maturase formed from an 
inactive intron? 


One could imagine, for example, that, in the wild ipi niron oi 
al4 is not translated at all because an internal splice destroys => 
the continuity of its open reading frame; the mim2~I mutation 
would remove the internal splice point and modify the splicing 
pathway such that the continuity of the reading frame would — 
be restored. It might also be possible that, in the wild type, 
intron al4 is translated but the protein is destroyed by proteo- . 
lysis; the mim2-{ mutation could have removed a specific 
proteolytic site. Alternatively, the wild-type protein could be 
inactive and the mim2~1 mutation, by creating a proteolytic site, 


would permit the formation of an active fragment involved i 
splicing. We find these conjectures unattractive, however 


because they do not explain why an open reading frame is. 


preserved in the wild-type oxidase intron al4. We therefore 
favour the hypothesis that al4 is normally translated into 
protein. If this is the case, what is its function in the wild type 


why is it not trans-active in splicing (while 5/4 is) and how doe : 


mim2-1 restore the splicing activity? 


We believe that the ability of mim2-1 to restore splicing 


activity is due to a local increase of positive charges in a par 
of a protein that is essential for its catalytic activity. Argume 
favouring this idea are: (1) mim2-1 causes a replacement o 
glutamic codon by a lysine codon and thus increases the c na 





appears in an oxi3 deletion mutant”’. 





T bý +2. Interestingl 





o as shown by our calculation of the secondary structure carried 
` : out according to ref. 21 (data not shown). This a-helix is the 
_ longest (15-18 amino acids) that can be traced in the translation 

| products of introns bI4 and al4, and occupies homologous 
~ positions in both proteins. The a-helix of the wild-type 6/4 
_ . translation product (active) is more basic than that of the 
wild-type al4 product (inactive) by two or four charges (depend- 
ing on the local polymorphism between the strains D273-~10B 
and 777-3A)'°?°, The mim2-1 mutation, by increasing the 
charge by +2, renders the al4 translation product more 
similar to its normal b/4 counterpart and we believe that this 


¿< change is sufficient to explain the acquisition of splicing 


_activity. That a protein which interacts with nucleic acids should 
be positively charged is plausible, and other active mRNA 
maturases, such as that of 6/2, are overall highly basic®"*. 

(2) A second line of evidence favouring the idea that al4 
¿o ean be translated even in the absence of mim2-1 mutation 
= eomes from the analysis of mitochondrially synthesized proteins 
in splicing-deficient mutants resulting from 6/4 maturase- 
deficient mutation or oxi3"~G192 and -G2190 mutations in 
al4 (O. Groudinsky, personal communication). These mutants 
accumulate a protein of apparent molecular weight 56,000 
(referred to as p56). We conjecture that p56 results from 
translation of the previously fused oxidase exons A1-A4 with 
the al4 open reading frame. The size of p56 is consistent with 
this idea and fingerprint comparisons show that p56 displays 
some pe ppi homologies with the subunit I of cytochrome 
Oxidase”. Analyses of double mutants indicate that the N- 
terminal sequences of the oxi3 exons control the synthesis of 
p56 (O. Groudinsky, unpublished results) and this protein dis- 
All these data are easily 
explained by the model shown in Fig. 5: in the wild type, splicing 
of oxi3 mRNA is efficient and no p56 accumulates because the 
oxi3 pre-mRNA does not accumulate. In mutants deficient for 
the 5/4 maturase (box7”~ mutants'®) or cis-dominant al4 
mutants, such as oxi3 “-G192 (ref. 20), the pre-mRNA contain- 
` ing the non-excised intron al4 would accumulate and its trans- 
ation would lead to an accumulation of p56. In a double mutant 
-carrying simultaneously a box7~ mutation and a mim2~1 muta- 
tion, a p56 protein should still be detectable because the sup- 
_ pression is only partial, probably because the a/4 maturase is 
Jess efficient than its normal 6/4 counterpart; this has indeed 
< been observed’*. Our model predicts that p56 from an oxi3 
mim2-1 strain should differ slightly from the oxi3* in its finger- 
‘print pattern, and preliminary experiments (O. Groudinsky et 
-al., unpublished results) suggest that this is indeed the case. 


_. Evolution of two homologous introns in two 
_ non-homologous genes 

. Sequence homologies between b74 and al4 (refs 10, 14, 20) 
and functional compensations between their translation 
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derived Gono a ‘common n ancestral’ sequence. We do not kids 


when this duplication, transposition or insertion took place, but 
depending on whether it is recent or ancient even, two 
evolutionary histories can be proposed. If it is a recent event, 
then the fact that a/4 still has an open reading frame could be 
purely accidental. The 6/4 descendant of the common ancestor 
would have kept the splicing function and the al4 descendant 
would have lost it by accumulating missense mutations. The 
divergence would not have been large enough to prevent a 
single base substitution, such as in mim2-1, still being able to 
restore or readjust the function. In other words, al4 may have 
just become (or be in the process of becoming) a pseudogene 
and we have caught it during the very early part of its evolution- 
ary drift! Although this hypothesis cannot be formally excluded, 
we do not find it plausible and prefer to think that the duplica- 
tion, transposition or insertion event took place a long time 
ago. We propose the following evolutionary scheme. 

An identical ancestral base sequence, encoding a protein, 
was originally present or has been inserted, in two non-identical 
genes. This sequence has diverged during evolution in two 
directions: the first one has led to a diffusible protein endowed ` 
with a pleiotropic splicing activity (the 6/4 sequence) and the 
second to a protein with no catalytic splicing activity (the al4 
sequence). Numerous missense mutations have been fixed dur- 
ing this period: for the region of strongest homology between 
al4 and bI4, which is 170 residues long, some 38-40 amino 
acid replacements have taken place'”’**°, With such an amount 
of evolutionary divergence there must be a selective pressure 
that has prevented the accumulation of nonsense mutations. in 
al4, What is the role of al4? One hypothesis is that the normal 
translation product of al4 has a different and unknown func- 
tion. It could, for example, be a structural part of the mitochon- 
drial splicing and/or translation apparatus, it could be used as 
a handle to position correctly, by quaternary interactions, the 
bI4 maturase on its second substrate, that is, on the pre-mRNA 
of oxidase. Alternatively, the travelling of a ribosome through 
al4’s open reading frame could be a necessary but insufficient 
condition for the processive splicing (see refs 10, 20), In both 
hypotheses, the splicing of the two genes will be catalysed by 
a single maturase and not by two independent ones. This could 
confer a selective advantage because a coordinate expression 
of both genes would be facilitated. 

Evolutionary conjectures are not easy to test. The finding of 
a converse situation to the normal one and the demonstration 
that it results from a single base change in an intron do, however, 
provide a striking example of intergeneic communications 
through intron-encoded proteins. It is thus of interest for the 
evolutionary history of mosaic genes. 
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LETTERS TO NATURE 


our vacuum i metastable? 
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Santa Barbara, California 93106, USA 


In spontaneously broken gauge theories of particle interac- 
tions there are sometimes several local minima of the effective 
potential. Any of these minima can serve as a vacuum in the 


- sense that we can expand the fields around their values at the 


minimum, interpret the quantized fluctuations around the 


minimum as particles, and compare the properties of these 
_ particles with experiment. One might think that only the state 
_ with absolutely minimum energy could be what we ordinarily 

call our vacuum, as the other local minima will inevitably decay 


vinto this lowest one. However, this is not necessarily the case, 


because it is possible for the lifetime of a metastable vacuum 
to be very long, even when compared with the age of the 
Universe. Furthermore, the energy densities available in pres- 
ent laboratory or astrophysical environments are much less than 
the barriers which exist in field space between the different 
local minima, and so we have no direct sensitivity to the pres- 


ence of a possibly lower vacuum state. (A possible exception 
-to this are magnetic monopoles which do probe the large field 


© region.) If it is not the absolute minimization of the effective 
- potential, what does determine the present vacuum state of the 
Universe? We argue here that it is determined cosmologically 


by the dynamical evolution of the Universe from the hot, 
dense phase which existed shortly after the big. bang to the 
present’. 

At finite temperature, the free energy tends to be minimized 
in phases which contain light particles. Therefore, we expect 
that in general, at extremely high temperatures the thermody- 
namically favoured phase is the symmetric one which contains 
the most massless particles. Assuming that very near the big 
bang this phase is realized*°, one can follow the subsequent 


< dynamical evolution to determine the present state. The present 


vacuum is properly determined by evolutionary, not merely 


_ energetic, considerations. This point is relevant for all proposed 
“models of elementary particle interactions. 


In what conditions might we convince ourselves that we live 
in a metastable vacuum (or, not finding these conditions, assure 


ourselves that we do not)? Of course, we must demand that 


the putative vacuum has an extremely long lifetime, and that 
small fluctuations around it describe known physics. In addition, 
it should have been realized in the dynamical evolution of the 


Universe, starting from the symmetric phase at extremely high 


temperatures. 
First, consider the question of metastability. For a ^ scalar 


z field theory in which the energy difference between the two 
Minima is not too large, the decay rate of the ‘false vacuum’ 





(per unit volume per unit time) at zero temperature isf 


[=A exp [—(3277/(3e°A)] (1) 


< where A is the quartic self-coupling, e is the ratio of the energy 


=. difference between the two minima to the | barrier height 
= between them, „and A has dimensions of mass and should be 
© O(w*). Here u? is the bare mass of the scalar field. Taking u 
- to be of the order of the grand scale (~10'* GeV), and the 
¿o spatial volume to be that of the present observable Universe 








(V ~ 10** cm’), the probability that an energetically less favour- 
able minimum has decayed during the age of the Universe i is 
exponentially <1 so long as 


e «06AT r 














a condition which is easily satisfied. 
We now examine the second and third issues in the nontent 
of the simplest unified model of particle interactions, th 
minimal SU(5) theory’. 
ey zero temperature the effective potential can be written : 








as” 


2 
| 2 b 
V(h, A) =~ tra? + Str A) +S tr At 


- hth +Ê (hth) +a(hth) trA*+BhtA7h (3) 





where the discrete symmetry A>-—A has been imposed, h is o> 
an SU(5) vector § Higgs field, and A is an SU(5) adjoint. 
24 Higgs field (traceless hermitian matrix). To reproduce the : 
standard (and thus far very successful) SU(5) phenomenology, 
there must be a local minimum where A acquires a large vacuum 
expectation value of the form, 





(A) = 1 ô (4) 
—3/2 | 
© 0 3/2] 


This vacuum expectation value breaks SU(5) down to SU(3)x ae 
SU(2) x U(1). aos 

The second stage of symmetry breaking involves the fifth a 
component of h acquiring a vacuum expectation value much | 
less than 6 (the small vacuum expectation value (h) will slightly — 
perturb (A) from the form given in equation (4); see refs 8-10). 
In addition, we must also ensure that the colour triplet com- 
ponent of h has a large mass ~0(8) as it can mediate proton __ 
decay. Both of these requirements are fulfilled if: i 


(Say 





B<O | 

-ma =v? —3u7(10a +3B)/a'=0 (5b) a. : 
(a + B/2)>-[A(a +b)]'?/2 Boa 

à >98°/10b won 


where a’=15a+7b. Condition (5b) specifies that the SU{2) - 
doublet component of A (the ordinary Weinberg-Salam doub- | 
let) has a small, negative bare mass. Quantitatively, Men must ` 
be about 13 orders of magnitude smaller than 8 = (2p? /a y A. -> 
For our purpose, the crucial observation is that condition _ 

(56), along with the others, can be satisfied with v” large and 
positive. Looking back at equation (3), it is perhaps not surpris- 
ing that in this case another very different type of vacuum might 
be energetically favourable: one in which (A) is large. Indeed, 
if 
















Zav” /àÀ >u’ 
2(a +4B/5)v7/A >u? 


(6a) 
(6b) 


then the potential also has a local minimum at (hs) =v°/A and _ 
(A}= 0. In this vacuum SU(5) has broken down to SU(4). When 
we compare the value of the effective potential at this local 
minimum with the usual one (when both exist), we find 3 v 
for the following range of parameters: | 
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b-B> ay 

‘A> 967/105 (7b) 

(a +B/2)>-[A(a +b)]'7/2 (7c) 
(Sa +4B8)(10a +38) >5Aa‘/6 (7d) 
vy? = 3u’ (10a +38)/a' (Te) 


the usual vacuum corresponds to a local, but not a global, 
- minimum. 

- From the point of view of microphysics, then, it is quite 
~-eonceivable that our vacuum is metastable. We must now 
investigate the dynamical question, whether it is reasonable 
-that during the course of its temperature evolution, the Universe 
could get ‘hung up’ in our vacuum in spite of its only being 
metastable. Basically, we must determine which of the two 


asymmetric vacua becomes lower than the fully symmetric 


vacuum first as the Universe cools down from very high tem- 
peratures. Although we have not investigated this question in 
_© quantitative detail, it seems that a ‘hang up’ can occur. Finite- 
< temperature modifications to the zero-temperature potential 
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. strongly coupled fields ar 


and those due to the most 


usual vacuum and the SU) vacuum discussed above have 
roughly the same energy at zero temperature. The high tem- 
perature state continuously related to the SU(4) vacuum will 
then be disfavoured if it feels stronger finite-temperature cor- 
rections. This will occur, for instance, if all the Higgs self- 
couplings are small and A, but not A, couples strongly to some 
fermion field. 

It seems distinctly possible in simple unified models, that our 
present vacuum is only metastable, and that nevertheless, the 
Universe would have chosen to get ‘hung up’ in it. If this is the 
case, then without warning, a bubble of true vacuum. could 
nucleate somewhere in the Universe and move outwards at the 
speed of light, and before we realized what swept by us our 
protons would decay away. There is no immediate cause for 
concern, however, because the lifetime of our metastable 
vacuum could easily be 10°° yr (or only 10°° yr for that matter). 
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A search for evidence of 
- superheavy-element 
_ fission in chondritic metal 


- R. K. Bull*t & P. Mold*+ 


* Department of Physics, University of Birmingham B15 2TT, UK 
+ West Midlands College of Higher Education, Walsall, 


= West Midlands, UK 


There is evidence for the early melting of the Moon’’, and 
Runcorn?“ has concluded from palaeomagnetic data that a fluid 
‘core dynamo must have been present for ~10° yr and that the 
decay of a siderophile superheavy element (SHE) with a half 

life of ~10°yr may have been responsible for these 
phenomena?” Libby and co-workers’ have suggested that 
_-SHE-decay could have produced certain trace-element abund- 
-ance patterns in iron meteorites. Several searches’ have failed 
-. to detect evidence for SHE decay in iron meteorites. We 
describe here a search for SHE in metal fragments within 
ordinary chondrites. The absence of excesses of tracks along 
© the boundaries between olivines and metal grains allows u upper 

limits to the SHE content of the metal of ~2.5x10~" to 
~2.5x10°" kg per kg to be set at a time ~4x10° yr ago, 
` determined from the *“*Pu fission track densities in chondritic 
| phosphates. 
-o Our experimental methods are essentially similar to those 
~ described previously’. Slices and coarse fragments from three 
‘chondrites, Estacado (type H6), Wold Cottage (L6) and 
< Alta’ameem (LL5), were ground and polished. They were then 
etched in WN solution at pH 8 and 50% of the usual concentra- 
-tion to reveal tracks in olivine crystals”. The etched samples 
were then examined under an optical microscope at a 
magnification of approximately x630 and under a scanning 
electron microscope at about «5,000 magnification. Abundant 
_ cosmic ray tracks (identification as cosmic ray tracks was based 
on the anisotropic angular distribution of the tracks and a length 
distribution peaking at short track lengths) were observed 


Ead 





$ Present address: Atomic Weapons | Research Establishment, Aldermaston, Reading, Berks 
RG7 4PR, UK. 


throughout the olivine grains from Alta’ameem but track 
densities were observed to be much lower in Wold Cottage and 


Estacado (see Table 1). The boundaries between the olivine - 


crystals and metal grains were carefully examined using both 
scanning electron microscopy and optical microscopy, and no 
significant excesses of tracks were detected in these regions in 
any of the three meteorites. For the purposes of calculation it 
is assumed that the contribution of fission tracks from the metal 
is, in each case, equal to the cosmic ray track density. These 
track densities (column 4 of Table 1) allow upper limits to the 
SHE content of the metal to be calculated and these are dis- 
played in column 5 of Table 1. In obtaining these estimates it 
is assumed that the SHE have decayed to extinction during the 
time since tracks began to be retained by the olivine, These 
limits apply to the times at which track retention in the olivine 
began for each of the three meteorites and for any conclusions 
to be drawn from these data it is necessary to establish a time 
scale for track retention by the olivine. 

An estimate of the track retention time for these meteorites 
can be made by examining the fission track densities in apatite 
and merrillite crystals from each meteorite. These phosphate 
crystals are usually found to contain tracks produced by the 
fission of U and *“*Pu. Since the latter has a half life of 
~ 10° yr, the identification of *“*Pu tracks in these phases would 
provide strong evidence that track retention in the olivine 
occurred relatively close to the time of formation of the 
meteorites, because olivine is believed to retain tracks at higher 
temperatures than apatite and merrillite'’. 

Phosphates were concentrated in non-magnetic fractions of 
density between 2.8 and 3.3 gcm™ and grain size between 63 
and 106 um. These were then etched in aqueous HNO, sol- 
utions at room temperature. The precise etching conditions 
used in each case are shown in Table 2. The track densities 
were obtained from scanning electron microscopy photographs 
at a magnification of about x5,000. The uranium concentrations 
in the phosphates were determined by, irradiating them with 
thermal neutrons (fluences of about 10°? neutrons cm `°’) in the 
Herald reactor at Aldermaston. Induced-fission fragments were 
detected in adjacent sheets of uranium-poor mica. The neutron 
fluence was monitored by irradiating standard reference glasses 
along with the meteorite samples. 

Fission track density and uranium content data are shown in 
Table 2. The track density figures for Alta’ameem have been 
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most important™*. Suppose that the 







tion in the lunar core of ~ 













Central track contribution from concentration at time of. 
oe sa density in olivines* - boundary with metalt fission in metal track retention by olivine 
sorite e flass) (om?) (cm “*) icm ^} (kg per kg) © 
ottage (L6) <10* <10* 104 25x107 
eem (LLS) (0.9~1.3) x 10° ~10° 10° 25x107 
ado (H6) <10* <10* 104 2.5x107" 


Mainly due to heavy cosmic ray primaries. 


Track density along jë 


‘+ Measured within a strip of olivine 10 pm wide immediately adjacent to men Pen, 


Upper limit t to | Upper limit to SHE 7 








‘Table 2 ‘Summary of track — for phosphates. an 


Meteorite Mineral Etching conditions 
Wold Cottage Merrillite* 75s, 0.25% HNO, 
Apatite 20°C 
_Alta’ameem Merrillite 20s, 1% HNOs, 
eer ae Apatite 20°C 
Estacado Merrillite 50s, 1% HNO, 
{This work) 20°C 
eas and Merrillite 
Storzer'”) Apatite 


Approximate average rati 


Track density U content oat nee fission tracks. 
(10° em™) ao! keg per kg) EU fission tracks 
67-82 (6) 0.08-0.19 165 
16-25 (2) : 1.8-3.7 2 
-0 340) oi — 100 

7-16 (20) 0.3-1.7 4 
33 (18) 0.1 120 
37,5-(15) 0.19 75 
8.2 (15) 3.26 <} 





* In many earlier papers on meteoritic phosphates, this mineral is referred to as whitlookite. 


+ Number of crystals shown in parentheses. 


corrected for a cosmic ray track background of ~10° cm”. The 
contribution to the total track density from the spontaneous 


fission of SU can be calculated from the measured uranium. 


“content of each phase. The excess fission tracks are assumed 
to be due to the spontaneous fission of *“*Pu and the last column 


_ of Table 2 gives the ratio of “*Pu to **U fission tracks. The 


assumption of a ““*Pu source for these tracks rests on numerous 
< determinations of 7“*Pu fission Xe in merrillites’*"'* (formerly 
known. as whitlockites) and in apatites’ from chondritic 
<- meteorites. In particular, Kirsten and co-workers’? have 
measured the fissiogenic Xe content of Estacado. The fission 
track data for Estacado obtained by Pellas and Storzer’” is 
included in Table 2. 

Merrillites from all three of the meteorites that we studied 
show large excesses of *““Pu fission tracks and notwithstanding 
uncertainties in the initial Pu content of these crystals, it seems 
unlikely that these three meteorites could have. cooled to the 
track retention temperature of merrillite (and therefore of 
olivine) much later than ~4 x 10° yr ago. The upper limits to 


SHE concentrations given in Table 1 therefore apply to 


approxomately this time. Runcorn‘ requires a SHE concentra- 
= 10°’ kg per kg at ~4. 1x 10° yr ago. 
"The concentration would have fallen to ~6 x 10° kg per kg at 

~3.7 10° yr ago, assuming a SHE half life of ~10° yr. Our 
results indicate that the SHE content of chondritic metal was 
lower by at least 4-6 orders of magnitude at that time. 


These results, taken together with the failure to find evidence — 
for SHE in the metal from iron meteorites”, indicate that thè 


abundance of SHE in meteoritic metal was very low ~4 x 10° yr 


ago and unless the metal of the lunar core was very much - 
-enriched in siderophiles relative to meteorites, SHE could not 


ne have played an important role in the early heating of the Moon. 
.. = We thank Drs P. F. Green and S. A. Durrani for useful 
~~ comments and the staff of the Herald reactor at the Atomic 
‘Weapons Research Establishment, Aldermaston, for carrying 
out the neutron irradiations. Meteorite samples were provided 

by Dr R. Hutchison (British Museum) and by Dr Y. Al-Rawi 
(College of Science, Baghdad, Iraq). The financial support of 
“the SERC is gratefully acknowledged. 
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Detection of nitrogen at 
{100} platelets in diamond 


S. D. Berger & S. J. Pennycook 


Cavendish Laboratory, Madingley Road, Cambridge CB3 OHE, UK 


Platelets in type Ia diamond were first directly observed with _ : 


transmission electron microscopy by Evans and Phaal’ in 1962. a 


Considerable controversy still exists over their structure and 


_ chemical composition. One of the earliest models of the platelet | 
structure was that proposed by Lang’ in which nitrogen, the 
major impurity i in type Ia diamonds, is segregated into plate-like © 


struct 





ires, only two atoms thick, lying on the cube planes. Later 


‘evidence seemed to favour interstitial carbon as the major. . 


component of the platelets’, although more recent evidence - 
from the production of platelets in synthetic diamond® again 
points to nitrogen as forming an important constituent. High | 
resolution electron microscopy also supports this view’*. Here- 
we report for the first time the direct observation of nitrogen : 
at platelets using the technique of electron energy loss spectros: : 
copy (EELS). 1 

A type Ia diamond was cut and thinned parallel to an (001) 2 
plane. The platelets were studied using a VG Microscopes’ . 
HB5 scanning transmission electron microscope (STEM). In 
the STEM transmitted electron images showing diffraction or 
phase contrast can be obtained similar in all respects. to 
obtained in a conventional TEM, but in addition elem 
analysis and diffraction patterns can be obtained. at ve 
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Fig. 1 Weak beam image of platelets in type Ia diamond. The 
dark marks are burns in the phosphor of the display tube. 


spatial resolution (see ref. 9 for a full discussion of the tech- 
niques). Figure 1 shows an edge of the diamond flake containing 
several platelets. The image is obtained using an annular dark 
field detector, which detects electrons scattered out of the main 
beam. The diamond is orientated with the electron beam 
incident exactly along the [001] direction, so that the image is 
formed mainly from the four 220 Bragg reflections, weakly 
excited. Three sets of platelets are visible. Those lying on the 
(100) and (010) planes are seen as two sets of straight lines 
perpendicular to each other, while those lying on the (001) 
plane within the foil have a roughly circular shape, made visible 
by the partial dislocation around the circumference of the 
platelet. In thinner regions of the diamond, platelets lying 
parallel to the beam may extend through the thickness of the 
specimen (platelet a in Fig. 1 for example). In such regions the 


a _ diffraction contrast along the length of the platelet is lost but 








it is still visible at the ends where the defect terminates inside 
the crystal. The central region of such platelets can be imaged 
by phase contrast microscopy giving images similar to those 
shown by Bursill et al.*, although the resolution is limited to 
about 0.7 nm, in our case, due to stray magnetic fields around 
the field emission gun. i 

A previous attempt’ to find nitrogen by EELS failed due to 
insufficient sensitivity to nitrogen in the experimental conditions 
used. Several factors must be optimized to achieve the highest 
sensitivity when analysing a platelet with a fine electron probe. 
First, steps must be taken to prevent the build-up of carbon 
contamination on the area analysed. This can be a severe 
limitation to microanalysis at the highest spatial resolution, but 
was completely eliminated by baking both the microscope and 
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Fig. 2 Typical two-beam bright field (a) and annular dark field 
(b) images of platelets suitable for microanalysis. 


_ specimen at 120 











men geometry was optimized by choosing platelets parallel to 
the beam running right through the thickness of the diamond. 
The highest sensitivity to the elemental composition is then 
achieved by passing the smallest electron probe down the centre 
of the platelet. The third factor is the correction for electron 
beam or specimen drift. As type Ia diamond is an insulating 
material, drift tends to occur as the specimena charges up and 
it is important to keep the electron probe over the platelet 
throughout the analysis. By scanning the smallest possible area 
(~1 nm’) an image is available on the annular dark field detector 
while the electrons in the bright field beam are analysed by the 
spectrometer. In this way drift can be continuously compensated 
for using electrical beam shift controls. To facilitate this correc- 
tion, improved contrast in the annular detector image was 
obtained by tilting the diamond slightly off the [001] direction 
into a two-beam condition, typical images being shown in Fig. 2. 

The fourth and possibly most important factor is to achieve 
the most accurate background subtraction under the nitrogen 
edge in the energy loss spectrum. This would normally be done 


by extrapolation from the region of the spectrum just before 


the edge. However, due to strong intensity modulations follow- 
ing the carbon K-edge this technique would be inaccurate in 
this case. The spectrum from the normal diamond lattice shows 





300 400 ev 900 
Fig. 3 Electron energy loss spectra from the centre of a platelet 
(solid line) and from just off the platelet (broken line). Also shown 
is the difference (<4) which shows the nitrogen-K edge at 
406 eV from the platelet. 


the same modulations and hence provides a much more accurate 
background for subtraction. 

The spectra were obtained by scanning an isolated drift tube 
to give an absolute energy calibration’! with digital data acquisi- 
tion using a Link Systems 860 analyser. The incident beam 
semi-angle a = 8.3 mrad and spectrometer acceptance semi- 
angle 8 = 3 mrad were chosen to give good spatial resolution 
together with a high count rate in the spectrometer with an 
energy resolution of about 12 eV. 

The spectrum from the platelet acquired in this way is shown 
in Fig. 3 and is compared with the spectrum taken from the 
diamond just adjacent to the platelet. As well as the carbon 
K-edge at ~290 eV an edge is clearly visible at ~406 eV from 
the platelet which corresponds to the nitrogen K loss (both 
edges are shifted by ~7 eV from their expected positions’? due 
to band structure effects'*). The mismatch between the spectra 
in the region of the carbon edge is due to a slight change in 
specimen thickness between the two areas analysed. The area 
of normal lattice analysed was slightly thicker due, possibly, to 
preferential etching of the platelet during preparation. Gen- 
erally, the effect of taking a matrix spectrum from a thicker 
region would be to decrease the slope of the decaying carbon 
edge as a result of multiple scattering. This would manifest 





°C for 10 h before analysis. Second, the speci- 
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‘Fig. 4 Bright field image of an inhomogeneous platelet, or 
“Woidite’ (noisy image is due to a shorter exposure time than in 
Figs 1 and 2). 


itself, after subtraction from the platelet spectrum, in a slow 
modulation on the difference curve. In our case the change in 
thickness is ~3% and, as can be seen, produces negligible 
modulation of the difference between the spectra. The feature 
at ~406eV rises over ~12 eV, corresponding to the spec- 
trometer resolution, continues for the rest of the spectrum and 
can only be due to a nitrogen K-absorption edge. It has been 
shown" that most of the nitrogen in type Ia diamonds is in a 
“dispersed form. Any signal due to this nitrogen will appear in 
both the background spectrum and the spectrum from the 
platelet. Thus when the two spectra are subtracted, only the 
nitrogen signal associated with the platelet will remain. 
However, the concent ations of the dispersed forms of nitrogen 
are so low that it is unlikely that they will be detected at all by 
this technique. The result of subtracting the two spectra is 
shown on an increased vertical scale and the nitrogen edge is 
very clearly visible. 

So far, five platelets have been analysed, of which four 
contained nitrogen to a significant extent, while one contained 
no detectable nitrogen (<10% of the amounts found in the 
other platelets). By scanning an accurately known area and 

integrating the counts under the carbon and nitrogen edges in 
the spectrum, it is possible to obtain the percentage of nitrogen 
present in the volume analysed, and this can be compared with 
_ the expected percentage of nitrogen present if the platelet 
followed the Lang model. We found that the percentage of 
nitrogen detected varied significantly and no platelet contained 
as much nitrogen as the model predicts. Sequential spectra were 
then taken from the same platelet and it was found that nitrogen 
was being gradually lost from the defects. Although this would 
appear to account for the variation in nitrogen content already 
seen, early results indicate that some platelets are more suscep- 
tible to damage than others and further experiments are being 
- carried out to clarify this point. 

_, One platelet was found which showed a particularly interest- 
ing form of inhomogeneous contrast and is shown in Fig. 4. 
_ Analysis showed the bright regions of Fig. 4 contained at least 
... three times as much nitrogen as the dark regions. The contrast 
seen from this platelet is very similar to that seen from ‘voidites’ 
. (Tf. Evans and J. Macguire, and J. L. Hutchinson, personal 
<< sOmmunications) which appear to be a form of collapsed or 
` semi-collapsed platelet. If the bright regions of Fig. 4 do not 
extend through a significant fraction of the thickness then they 

‘must contain a very high concentration of nitrogen. 
The results from this work show directly that nitrogen is 
associated with platelet defects in type 1a diamond. The fact 
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that some iatelets are sicepublet to beam damage atan energy 
of 80 keV indicates perhaps that the nitrogen is not bonded | 
into the lattice in the covalent manner that the Lang model 
suggests. Also, if beam damage is unable to account for the - 
variable nitrogen content seen, then again a modification to the 
simple models is called for. 
We thank Professor T. Evans and Miss J. Maguire for provid- ` 
ing the thinned specimen and for many useful discussions, — 
together with Drs L. M. Brown and A. Howie. We are grateful . 
to the SERC for financial support. : 
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conditions in a 
Hudson Bay estuary using tree rings 
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Descriptions of ice conditions, ranging from lake and sea ice to 
glacial advances and retreats, form an important portion of the 
climatic record. Ice formation, deterioration and changing areal 
extent are of increasing interest in climatology, sea transporta- 
tion, petroleum exploration and the fishing industry. With few 
exceptions, quantitative information on ice conditions is gen- 
erally brief, with many records in the US and Canada beginning 
only in the 1950s’. Tree-ring data from long-lived trees can be ~~ 
used as quantitative proxy data for past climatically related |. 
parameters. The record of first complete freezing of the Chur- 
chill River estuary on Hudson Bay is reconstructed here for 
298 yr (1680-1977) by means of tree-ring analysis. 

Both high-latitude tree growth and ice are influenced by i 
many factors but can be significantly related to temperature” 

In areas where ice conditions are influenced by a complex set 
of factors, a simple or direct relationship with climate may be 
difficult to establish. However, ice conditions in some areas 
show a more direct relationship to particular climate parameters 
(P. M. Kelly, personal communication). It is in these latter areas 
that we are investigating the possibility of using selected tree- 
ring data as a proxy series for past ice conditions. | 

A promising location to test the feasibility of reconstruction _ 
is near Churchill, Manitoba, Canada (see Fig. 1). Both a recent . 
record of ice conditions and an independent, historical record — 
are available, and we have developed a tree-ring chronology 
from the same location. The historical record of ice conditions _ 
is now used to calibrate the tree-ring time series which is in 
turn used to reconstruct the ice conditions for almost three 
centuries. The reconstruction is verified by modern data. 

The tree-ring chronology is based on annual ring-width 
measurements of 15 increment cores from 7 white spruce (Piceg. 
glauca [Moench] Voss) from flat, poorly drained muskeg over- 
lying permafrost. Ten of the 15 cores extend back to 1686 or 
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Fig. 1 Map of the Churchill area showing tree-core sampling site, Fort 
Prince of Wales, airport (meteorological station) and modern Churchill. 
Although total collection at this site was 39 cores from 15 trees, we feel 
that objective screening out of cores with abnormal anatomy (mainly reac- 
tion wood—~eccentric growth due to leaning) and use of principal component 
analysis (PCA) to determine the most homogeneous subgroup produces a 
chronology with a better climatic signal-to-noise ratio. The PCA procedures 
are used before and independently of comparisons between the tree-ring 
data and meteorological information. The purpose is to determine a sub- 
group of tree cores with maximum common variance, which presumably is 
dominated by climate. The PCA results in ref. 20 show that, even from 
one site, smaller, homogeneous subgroups of cores can produce equally 
good or better climatically sensitive time series than larger numbers of 
cores. Cross-spectral analysis has also been used in selecting coherent 
subsets of cores from sites in Switzerland to maximize the signal-to-noise 
ratio of the resulting chronologies (J. Guiot, personal communication). 
Because we calibrated with historical data from 1741 to 1764, we also 
deleted cores younger than 1741 so that the sample size would not change 
between the calibration and verification periods. The deletions proceeded 
as follows: 17 cores due to abnormal growth or extreme youth of tree, 3 
cores (all from one tree} shown by PCA to be heterogeneous with respect 
to the common variance of the rest of the cores, and 4 cores younger than 
1740. Due to heterogeneous low-frequency variations in ring widths, con- 
ventional standardization methods did not produce a usable time series of 
ring-width indices for these tree cores. The s.d. of mean indices for individual 
years were above acceptable levels. The cubic-spline technique has been 
very useful in some of our analyses of trees from the subarctic and from 
the closed-canopy forests of the eastern US*. This group of trees does not 
-exhibit the coherent, common, low-frequency trends that have been ob- 
served in some other subarctic trees™*. This could be attributed in part to 
the standardization method but, additionally, inspection of the cores and 
the raw data do not show such trends to be as evident as they are in cores 
from other subarctic sites sampled. 
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® Fig.2 a, Calibration data (dashed line} ne reconstructed data (solid line) 
for first complete freeze of the Churchill Estuary. b, Verification data 
(dashed line) and reconstructed data (solid line) for first complete freeze. 





the nonclimatic variation, the raw ring-width data were stan- 
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dardized using cubic smoothing splines which removed much 
of the variance with periods of 100 yr or more in length. The 
mean sensitivity of the standardized ring-width indices’ for this — 
chronology is 0.15, standard deviation (s.d.) is 0.17 and serial 
correlation is 0.44. Average values for these parameters for 
subarctic chronologies are 0.16, 0.25 and 0.62 respectively’. 
Based on a common period of 182 yr (1718-1899), the first 
principal component of the normalized ring-width indices for 
the cores accounts for 34% of the total variance. 

One of the serious problems in reconstructing climate-related 
phenomena in the subarctic is the shortness of records and the 
lack of data for verification. The ice record for Churchill is 
unusual in that there are both recent and historical data. The 
older records result from an exhaustive analysis of old Hudson 
Bay Company records by Moodie and Catchpole? who were 
able to construct time series of quantitative data on ice condi- 
tions for several sites near old Hudson Bay Company factories 
along the south and south-west coast of Hudson Bay. 

The historical ice data contain the following parameters for 
the nearby estuaries: days of first breaking, first partial freezing ~ 
and first complete freezing. Not all the ice parameters have a 
clear relationship with climate nor are they equally reliable. 
The Churchill record is considered most reliable with respect 
to the records at York Factory, Fort Albany and Moose Factory” 
(see Fig. 1), The ice parameters at Churchill are, in order of 
increasing reliability: first partial freezing, first complete freez- 
ing and first breaking". A fourth parameter, first ice free, shows 
very low reliability. 





Table 1 Mean and standard deviation of first-full-freeze time series used or 


reconstructed 
Mean s.d 
Prince of Wales-~all data 321 11.96 
Prince of Wales—calibration period (1751-64) 322 11,95 
Modern Churchill—al!l data 317 15.10 
Modern Churchill—verification period (1967-77) 317 15.08 
Reconstruction (1680-1977) 323 16.31 





The first-breaking data are judged to be most reliable from 
the standpoint of observational accuracy but for the following 
reasons may be less reliable as a simple climatic parameter. Ice 
breakup in many north-flowing, high-latitude rivers results from 
a combination of climatic and hydrological factors. In relatively 
low-relief regions such as Manitoba, the southern, headwater 
areas thaw sooner than the northern, outflow areas. The flow 
of water from the south causes hydraulic pressure and can either 
overflow or rupture the ice in the more northerly portions of 
rivers. These hydrodynamic effects of spring meltwater on 
breakup produce a more complex response to climate than the 
freeze response. 

Modern Churchill River ice data are recorded by the 
Canadian Meteorological Service and extend from 1957 to 
1980°. Precise definitions of specific ice events and observer 
judgement are crucial to the quality of ice record’. Due to 
changes in freeze-up definition®, an ‘approximate only’ value 
for 1965 and a missing value for 1966, we used only the past 
14 yr of reliable record for our analyses. 

The meteorological data used are from the Churchill A 
station at the Churchill airport, ~ 7 km east of the estuary and 
i km north of the tree-core sampling area. This record of mean 
monthly temperatures and total monthly precipitation starts in 
January 1943, First subfreezing temperatures occur in Septem- 
ber and, in the historical and modern ice records, complete 
freezing of ice takes place during October or November, usually 
the latter. Temperature data for these 3 months successfully 
passed tests for homogeneity ®". 

We concluded that, for this study, any proxy time series 
should be based on tree-ring samples from the same locality 
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3 Day of first complete freeze of the Churchill Estuary, Manitoba, 
se Canada, reconstructed using rree rings, 1680-1978. 


SS s the particular set of ice data because (1) plots of ice-condition 

time series and tree-ring series from distant locations showed 
little correspondence; and (2) similarly, the graphical relation- 
ships and correlations between the historical ice records at 
different stations were generally low. 

Comparison of graphical plots of tree-ring and ice-condition 
data from Churchill indicated a correspondence between com- 
plete-freeze day and tree growth the next year. Response- 

, function analysis’? indicated a significant positive relationship 
Ro between July temperature and ring-width indices as is common 

.. in most high-latitude forest~ecotone chronologies*. More 
ee importantly, a significantly positive ring-width response to 
---warm October and November of the earlier year was shown. 

Although increased tree growth after a warm autumn the pre- 
vious year has shown up in other dendroclimatic analyses of 
subarctic chronologies, generally only one autumn month, 
November, shows a significant positive relation to radial growth 
of the next year*”. 

The freezing of the estuary at Churchill may be influenced 
by river flow and wind effects but, based on correlations with 
monthly meterological data, the major apparent influence is 

_ autumn temperature. The simple correlation coefficients 
< between complete freeze day and monthly mean air tem- 

peratures for September, October and November are 0.67, 0.73 
= vand —0.02, respectively, for the period of reliable modern ice 
<e data 1967-79. The first two coefficients are significant at the 

95% level, the third obviously not. One can infer that most of 
the heat loss from the estuarine waters takes place in September 
and October, although the mean modern full-freeze day is 12 
November for this same period. 

Two sets of historical ice data comprise the Churchill record, 
one for Churchill Factory and the other for Fort Prince of Wales 
(see Fig. 1)°. Although the first-complete-freeze subset of data 
includes more values for Churchill Factory, more of these values 
have been inferred during the continuous period used for 

~ ealibration®. Therefore, we based our calibration and recon- 
_->. struction on the Fort Prince of Wales record. 

Based on the graphical comparisons, response—function 
- results and the correlations between fall temperatures and 
“freeze-up, we performed multiple linear regression (MLR) 

using tree growth of the next year and current year as predictors 
of complete freeze day for the longest continuous freeze- -up 
record, 1741-64. The multiple correlation coefficient (R) is 
0.69, variance explained (R°) is 0.47 and R°? adjusted for loss 
of degrees of freedon due to the regression is 0.42 (ref. 13). 
The standard error of estimate is 9.00 and the F-ratio after 
the second step is 9.44. The latter is significant beyond the 
99% level. The first variable entered is the ring-width index 
for the following year. This relationship concurs with the 
= response-function result showing a positive relationship 

- between tree growth and a warm autumn the previous year. 
- The negative relationship with current year’s growth is due to 
<> the difference between autoregressive properties of the tree- 
ting series and the ice data. The calibration equation resulting 
.... from the MLR is 





Full freeze day 2 301.7 + 68.51, - 46.61, 


where Iı = ring width index, following year, and [, = ring width 
index, current year. 








A regression between Churchill Factory frit-complete eeu 
data and the tree-ring data is not significantly different from 
the regression between Fort Prince of Wales record and the 
tree-ring data for the calibration period (1741-64). MLRs 
between the other ice parameters from Fort Prince of Wales 
and Churchill Factory and tree-ring data are not as strong e 
the first-complete-freeze data results. 

Figure 2 compares the reconstructed first-completesfreeze 
record to the calibration period and the verification period, The — 
entire reconstruction record from 1680 to 1978 is shown in. 
Fig. 3. The reliable portion of the modern record from 1967.. 
onwards, verifies the reconstruction with a correlation” 
coefficient for the common period of 0.62 and a coefficient of - 
determination of 0.38; both are significant at the 95% level. - 
The more rigorous reduction of error statistic (Re) (ref. 14) is 
+0.14, also verifying some skill at estimating first-full-freeze. 
day. The Re statistic should be viewed with caution in this case i 
as it is unstable for small (N = 20) data sets’* See 

Although 38% explanation of variance is not too impressive, - 
the reconstruction passes the two verification tests. This recon- 
struction is calibrated by data developed from 200-yr-old 
descriptive accounts, is based on trees that respond to other ee 
factors besides those affecting the full-freeze conditions, and is 
verified by modern observation. Both the historical and modern 
ice data involve subjective observer decisions’ and thus can be © 
sources of error. In view of these difficulties, the graphical — 
comparisons in Fig. 2 and the verification tests are good indica- 
tions of the validity of the reconstruction. 

Temporal and spatial ice variations in the Arctic have an > 
important interactive role with climate’. Increase and decrease 
in areal extent of ice responds to climate’ and also causes 
feedback into climatic change'’. Very few long-term quantita- 
tive records of ice are available. This reconstruction of almost 
300 yr demonstrates the feasibility of reconstructing ice data 
in one location. For this first effort we deliberately chose a > 
favourable estuarine area. Other studies have related tree rings — : 
to atmospheric pressure variations’* and pressure to ice vari- _ 
ations”. From these earlier studies and the significant relation- 
ships indicated by this study, we are confident that additional - 
reconstructions of ice conditions over wider areas can be 
achieved using tree-ring information. + 

We thank E. R. Cook and J. M, Duncanson for advice and 
assistance and P. M. Kelly, K. R. Briffa and P. D. Jones for 
helpful comments. A. J. W. Catchpole of the University of 
Manitoba and the Canadian Atmospheric Environment Service 
in Downsview, Ontario and Winnipeg, Manitoba provided .— 
essential information and data. This material is based on 
work supported by the NSF under grants ATM79-19223 and 
ATM81~-16184, 
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Stable carbon isotope ratios of organic carbon from palaeosols 
-in loess, and oxygen isotope ratios of pedogenic and lacustrine 
- carbonates reveal significant Pleistocene climatic changes in the 
=: Kashmir basin. The extreme 5'°C values of —16 and —25% 
= reported here indicate a shift from arid to sub-humid conditions. 
-- The &"*O values of pedogenic carbonates is ~2% higher than 
:: that of the underlying lacustrine carbonates, suggesting that 
> they were deposited in different climatic conditions. 
The Plio-Pleistocene infillings in the intermontane Kashmir 
- ` basin preserve a sequence of climatic events in the form of the 
= Karewa sediments which have an estimated thickness of 
~ 1,000 m and have been identified as glacio-fluvio-lacustrine, 
| capped by a mantle of loess. At various localities in the valley, 
these sediments have been exposed by tectonic events’*. Pre- 
liminary palaeomagnetic measurements suggest that the upper 
part of the Karewas are within the Brunhes normal epoch and 
therefore should preserve a large segment of the Pleistocene 
climatic reco d*. Figure 1 shows a schematic section at Bur- 
zahom (34°10'N, 74°53'E), ~25 km north-east of Srinagar. 

Member 1 represents a lacustrine regime with CaCO -rich marl 

layer said to represent periodic drying of the lake. Member 2 
... iS a structureless mud facies representing swampy conditions 

-< after the draining out of this lake. Member 3 is a loess deposit 
_ of 15 m with three palaeosols and member 4 is the top archaeol- 
-.. ogical deposit. Dilpur (33°56' N, 74°57’ E) section follows the 
= same sequence of events except that member 2 here is a gravelly 
-= deposit. Member 3 is ~22m thick while member 4 is absent. 
<i Loess constitutes the top of the Karewas*. Loess, a silt-sized 
+ sediment, is generally wind-deposited in periglacial environ- 

» ments and represents cold, arid conditions. Palaeosols, or buried 
`; soils, in the loess are indicative of warmer/wetter phases. Exten- 
`> Sive studies on loess and palaeosols have revealed their value 
-> as continental palaeoclimatic indicators” 

We have studied the carbon and oxygen isotope variations 
in the palaeosols and pedogenic carbonates respectively from 
Burzahom (member 3, Fig. 1), The palaeosols are relatively 
rich in organic carbon and the pedogenic carbonates occur in 
dense, nodular forms, deposited through secondary dis- 
-solution—reprecipitation cycles. Oxygen isotope ratios of the 
“lacustrine carbonates from Burzahom (member 1, Fig. 1) 
pedogenic and lacustrine carbonates from Dilpur have also 
“been studied. | 
Buried s soils.in the loess indicate phases of vegetation growth 

‘to climatic amelioration. The organic fraction of the buried 
ils is derived largely. from. the terrestrial. plant community 

fall into two major categories, C3 and C4, characterized 
by distinct 5°C values and ecological preferences®. The C3 
plants have an average 5°C value of -27% and the C4 plants 

14% on the PDB scale. The C4 plants are mostly distributed 
in deserts and salt marshes. Carbon isotope measurements 
< indicate that while there are differences in isotope ratios among 
s individual metabolates, the total organic matter in a sediment 
is a reliable indicator of the source ratio’. “Most studies of 

carbon isotopic composition in plants have made use of unfrac- 
tionated organic matter. Gross differences in metabolism (C3 
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Fig. 1 Schematic section at Burzahom, near Srinagar. Member 

1 comprises laminated muds, cross-bedded sands and marls, rep- 

resenting lacustrine and fluvial conditions. Member 2 represents 

swampy conditions when the lake drained out. Member 3 is the 

loessic deposit intercalated with three palaeosols (1, 2, 3); the top 

(member 4) 2.5 m is an archaeological deposit (~4,500 yr BP) (not 
to scale). 


compared with C4) can be readily distinguished from such 
experiments” ’. The 6'°C values of the organic fraction of a 
buried soil should therefore document the type of vegetation 
it supported and hence the ambient climate. 

The results of the stable isotope measurements on the organic 
fraction are shown in Table 1. For organic carbon, samples 
were first demineralized by 20% HCI, freeze-dried and com- 
busted to give CO, using a method described by Stump and 
Frazer''’, Carbonate samples were treated with ‘Chlorox’ to 
remove any organics present and reacted with 100% HPO; at 
25 °C. (All the measurements were carried out at the University 
of California, Los Angeles.) 

The 5'°C values of the organic fractions range from —16.2 
to —25% and indicate a clear dominance of the C4 type of 
plants in palaeosol 2. A gradual increase in the contribution of 
the C4 type vegetation towards the top of palaeosol 2 indicates 
an increasing aridity, which merges with the arid, unweathered _ 
loessic phase. In this the bottommost layer marks a transition — 
from the laminated member to loess. If the loess deposition 
there commenced at the termination of a lacustrine regime, i 
therefore, marking the onset of glacial aridity, ou ope 
measurements pomi! to episodic soil formations through climatic E 









Table 1 “Stable carbon isotope r ratios s of f organic fraction of  palaeosols 


k G TE E -MC gate 
Depth gC (tes 5,568yr) 
Site (em) Material (he) © (yr BP) 
Burzahom 250-300 Palaeosoll © ~25.3 18,8907520+ 
300-350  Palaeosol 2 —16.2 >31,000 
350-400  Palaeosol2 ~18.3 >31,000 
400-450 Palaeosol2 -20.3 
1,400-1,550 Palacosol3  —21.9 >31,000 





7 Reproducibility on a single sample i is s0. 4o. 
+ Quoted with 2¢ error. The error is one of. counting: Statistics only. 
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Table 2 Stable oxygen isotope ratios of pedogenic and lacustrine 








carbonates 
No. of samples 
Material 5° O(%) analysed 
Pedogenic —7+0,3 12 
carbonates 
Lacustrine —~8.8+0,2 15 
carbonates 
Pedogenic —7+0.3 10 
carbonates 
Lacustrine ~8.44+0,2 8 
carbonates 





* Reproducibility on a single sample is 0.2%. 


amelioration, but not so dramatic as represented by palaeosol 
1 when the region had a less arid climate, and a C3 type of 
vegetation reflected in the ôC value of ~25%. Note that 
palaeosol 1 is dated to ~18 kyr BP (ref. 12), which represents 
>- a relatively more humid climate. The relatively wetter-warmer 
. conditions seem to have continued up to 15 kyr BP at higher 
altitudes of ~3,000m as reflected by the pollen profile at 
Toshmaidan in Kashmir’? 

‘In many areas the period 18 kyr BP coincides with the last 
glacial maximum'*”’’. Peninsular Rajasthan also shows an 
intense sand dune building at this period’*. This anti-correlation 
between Kashmir and Rajasthan could be explained either by 
an early deglaciation in certain parts of the world’’, or better 
still, by the strengthening of the northeastern monsoon and 
heavier winter precipitations during this period of weaker 
southwestern monsoon as indicated by Duplessey”’. During the 
past 3 Myr the rise of the Pir Panjal range (=5,000m) has 
effectively shielded off the Kashmir valley from the Indian 
southwestern monsoon (D. P. Agrawal, personal communica- 
tion). Present-day rainfall pattern in the region is dominated 
< by heavier winter rains as opposed to the southwestern monsoon 

.4n most of Peninsular India. 

< x Oxygen isotope ratios of carbonates, precipitated in equili- 

briuin conditions, are determined by the oxygen isotope compo- 
sition of the water from which they form (ice-volume effect) 
and the temperature of precipitation (temperature effect)*'. For 
lacustrine and pedogenic carbonates, conditions of isotopic 
equilibrium are generally assumed but not proved. Interpreta- 
tion of the isotopic record of continental carbonates require 
also that the ‘meteoric effect’ and possible changes in the local 
hydrological conditions be taken into account. The meteoric 
effect makes the carbonates heavier with increasing tem- 
perature as opposed to the temperature and ice volume effects, 
which make the carbonates lighter with increasing temperature. 


_. The role played by changing local hydrological conditions are 


often of an unknown magnitude but could be indirectly climate- 
controlled. Studies on speleothems have indicated that the 
meteoric effect may be insignificant thus carbonate isotope 
record interpretation can be made less complicated”. 

The carbonates that we studied are massive and laminated 
or large-sized nodules, sandwiched between impervious clay 
members, and therefore represent sealed environments. 
Moreover, we have analysed a population of carbonates from 
various layers to check on possible post-depositional exchanges. 
The rather negligible scatter within a population suggests 
‘minimal such exchanges as any secondary exchange is more 


3 likely to produce a wide scatter. 


_. .. "The lacustrine carbonates and the pedogenic carbonates from 
ae -the loess fall into two oxygen isotope groups, the latter being 
heavier by 2% (Table 2). This depletion in the lacustrine carbon- 


-ates could point to a warmer period during the lake phase. 
Sedimen‘tologically, the carbonates are associated with finer 





~~ particles typical of melt water load, therefore snow melt contri- 


~~ bution to the lake, making carbonates lighter, is a distinct 
< possibility. Such an effect also points indirectly to a warmer 


= phase. Therefore, despite the 2% variation being small and 
following the observations by Cerling et al.** and Magaritz et 
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al.” it appears from our preliminary measurements that these 
sedimentary carbonates may provide useful palaeoclimatic 
evidence. Analysis of many more carbonates from the basin, 
together with present day meteoric and lake waters should 
provide a firmer interpretation of the carbonate isotopic data. 
These, the first isotope measurements from the continental. 
sediments of Kashmir, have proved to be useful markers of — 
climatic change. For detailed and definitive palaeoclimatic . 
inferences, much wider data are needed—these are being- 
obtained as part of a 5-yr project. | 
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climate Project funded by the Department of Science and. 
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The major impact that man is likely to have on climate comes — 
from the artificial increase of the atmospheric CO, level, caused 
by the combustion of fossil fuels’. To predict its magnitude, 
the future rise of the global atmospheric CO, level must be —— 
calculated using carbon reservoir models. Because fossil fuel 
CO, lacks '*C and has a °C/'°C ratio which is 18% lower than 
the present average atmospheric '°C/'?C ratio, the validity of 
such geochemical models can be tested using past temporal 
variations in the atmospheric concentration of these isotopes. 
However, the past variation of the C/”C ratio in ‘glo 
















rings Suess measured a depletion: 





ater more accurate data gave a value for this ‘Suess effect’ of 
15-25%, (ref. 5). As the models have been improved consider- 
ably over the past few years®* the availability of AC data 
with an accuracy of better than 1.5% was thought to be essential 
o test these”’’®. The present results indicate a good correlation 
-with model predictions taking into account natural “C vari- 
- ations. However, deviations between American and European 
tree ring data after AD 1920 suggest a European continental 
co, effect. l 

: -AS the Netherlands are bordered by the most industrialized 
i regions in Europe, it was suspected that the "HC level of the 
ocal air masses was depressed below the average °C level”. 
We therefore selected two oaks grown in southern Germany 
“near Unterfahlheim (48°24' N, 10°10'E) and Sindelfingen 
_ (48°43'N, 9°0'E). Comparison with the absolute master 
~ chronology showed. that no rings were missing. To avoid the 
influence of radial transport of material with nuclear-bomb 
produced C, cellulose was extracted from those tree rings 
-which were part of the estimated sap—wood section when the 
nuclear bomb tests began'’’’*. All other tree rings were pre- 
treated according to the AAA method'’. In several cases a 
-. combination of material from several tree rings was required 



















ie Table 1 Radiocarbon content in tree rings of south German oaks 
~~» €alculated with the half life of 5,730 yr and corrected for isotopic 
fractionation 


e meen e 


Unterfahiheim (48°24 N, 10°10’ E) 


centration over the past century of <10% (ref. 4). ‘Some. years 





Year of Laboratory on One AC 
growth no. GrN- (Ha) (%o) 
1948-50 9620* — 25.19 —26.5+ 1,7 
1943-45 9439* — 25.76 ~23,8+ 1.4 
1941 9253 — 26.70 ~24.9+1.6 
1937 9290 ~ 26.46 —21.8+1.5 
1933 9291 — 26.68 ~19.6+1,3 
i 1927 9365 — 26,99 —17.2£1.1 
<. 1925 9386 — 26.79 -—17.1£1.5 
os 1922 9366 — 26.49 — 14.142.3 
1918-21 9440* — 25,37 ~15.4+1,4 
1917 9367 — 26.93 ~12.141,2 
" Siidetanges (48°43' N, 9°0' E) 
| 41931 9387 ~ 25.94 ~20.1£0.8 
- 1920 9388 ~~ 25.52 —~14.4%1.5 
1913 9441 — 25.52 — 11.5414 
= 1909 9442 —~ 25.89 ~10.6+ 1.5 
a= -1905-06 9619 — 25,30 —10.7+1.1 
-1901 9477 -25.37 - 90414 
zi 1899-1900 9806 ~25.11 6.0411 
<. 1897-98. 9621 ~ 25.40 6.9+ 1.0 
E 9478 — 24.17 6.7 + 1.4 
9805 — 25.44 4.5+1.4 
9642 ~ 25.46 5.01.3 
9773 — 25.80 4.41.3 
9774 -25 15 5541.3 
9775 —- 25.10 6,841.3 
9690 ~25.57 6.9+ 1.4 
9691 — 25.65 5.81.1 
9692 -25.61 5.2410 
9776 — 25,70 3.7413 
9777 -25.00 5.0413 
9778 — 25.43 4.4411 
9779 ~ 25.65 8.9%1.1 
i 9780 ~25.19 82411 
“3 : 9781 ~25.30 4.941.2 
i 1869-70 „$ 9782 ~ 25.01 1.8+ 1.0 
1867-68 © 9783 ~ 25.16 - 4,141.4 
1865-66 9882 -25.09 4.3412 
i "1863-64 -o 9919 — 24.93 


3.9413 


y Cellulose pretreatment; the other samples were srettested ord. 
ing to the standard AAA extraction procedure’. 
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Fig. 1 A compilation of the A’‘C results for both the Dutch (A) 
and German (©) material. The dashed area indicates the local 


fuel contamination at the Dutch sampling site. 


to obtain the 100-200 g of wood necessary for a '*C analysis ~“ 
with a standard deviation of 1.2%. The system stability and 
counting corrections for the set of seven proportional counters 
used have been described elsewhere'* 

The results obtained for the south German oaks are presented 
in Fig. 1 and are listed in Table 1 as the age (4 = 5,730 yr) and 
fractionation corrected deviation from A,,, the standard 0.95* 
NBS oxalic acid activity: 


A-A 
nen 1,000 (% 
re )x H) 


where Aa. is corrected to 1950 and — 19%., and A to the year 
of growth and. — 25%, respectively. 

For. the period before AD 1900, when the dilution of the 
atmospheric '*C level was still negligible, our results are in good 
agreement with the results previously obtained for the Dutch 
oaks’. We suggest that the fine structure superimposed on the 
rather constant ‘*C level during the nineteenth century is caused 
by solar-cycle induced changes in the natural ‘C production. 

For the period AD 1920-40, however, there is an increasing 
divergence between the two data sets (Fig. 2). This effect is 
confirmed by the results obtained for three additional tree ring 
samples from the Dutch tree (Quercus rubra, Sleen) (Fig. 2 and 
Table 2). The maximum local depression of the atmospheric 
“C level at the Dutch sampling site appears to be 26%, with 
an average of slightly less. This must be caused by a regional 
contamination. However, after AD 1940 the divergence 


aMc=( 


decreases and disappears around AD 1950. An explanation for ~ 


this can be found in either a decreased regional effect at the 
Dutch site or an increased local effect at the German sampling 
site. To investigate this, our results are compared with ‘“C data 
from the US West Coast with a comparable accuracy, covering 


Ac oho difference 





1900 ne 1920 1930 1940 1950 
Year 
Fig. 2 The calculated difference between the A'*C results for 
the Dutch oak (Quercus rubra, Sleen”) and a curve calculated — 
through the HC results. for the German trees. Additional samples 
(cy) confirm the existence of a local. fossil foel effect. 
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Jlympic Peninsula (47°46' N, 124°06' W). Due to a 
tack coat oleh between AD 1895 and 1915,a comparison 







a eN century the average A'“C level 
th Pape and Amin data sets is almost 


site. 


(3) Also for the German material. the divergence seems to 
decrease after AD 1940. The observation that the Dutch, south 


German as well as the American data indicate an almost iden- 
tical ‘*C level in 1950 must mean than this change can hardly 


uo be attributed to a natural variation in the ““C production. This — 
€ effect would be identical for all three sites and the divergence 


would be maintained. 





See rise ae oe a Ne a pe he eee ha Oe ny 





ae saree atk tte iNet a an Pe Se ctw 


: Aci.) difference 
: co 


>to 7 


B80. 1890 1900 1910 1920 1930 1940 1950 
Year 


Fig. 3 The calculated difference between the A'*C results for 

the American Douglass firs and: a, the south German oaks (©); 

b, the Dutch oak (A) allowed some curves to be drawn by hand. 

During the nineteenth century the correlation between AC 

results for the Dutch and German oaks does not exist for the 
American Douglass fir. 


We suggest that this has been caused by changes in the relative 


=<. tates of local influence. As the American data are believed to 


be a true representation of the atmospheric ‘“C concentration 


» above the ocean and therefore more widely representative, the 
-effect most probably indicates that the decrease in fossil fuel 


consumption during the Second World War was more dramatic 


in the industrialized part of Western Europe than in the rest 


of the world. 
We conclude that until AD 1920 the time variation in the 


dilution of the atmospheric '“C level for northwestern and 
- central Europe on the average seems to be identical with the C | 
_ level above the ocean. The results for the period after AD 1920, 


~~ however, suggest a variable European continental '‘C effect. 
-` Large air masses may have a ‘“C level which differs by 10-30% 


~ from the **C level of the oceanic air masses. If this is confirmed 
by more measurements for material from both the European 


cand: American continent, the true global time variation of the 








atmospheric ` 4C concentration during the past 150 yr cannot 


sily be established. If the A’“C data of the Suess effect are 
obtained from a single tree, this will reduce its use for testing 


the accuracy of global carbon reservoir models. Only a global 

+= sample network, including the Southern Hemisphere, can thus 

=: . give more information about the size and distribution of the 
- diluted continental air masses in the past. 





Although these ' ‘C results are probably only representative 
a the variations in “C concentrations of the European air 


s, Thoseti trees orew i in oceanic 


2) The south German ave data also seem to be 2-3% lower. 
than the American data during the period AD 1920-40. This — 
- would reflect a 10% local depression at the German sampling: 










































































1890 1900 1910 1926 1930 1940 

Year: = eae 
Fig. 4. A comparison of the changes in the atmospheric at Ore 
concentration calculated by model C in ref. 10 (solid curve) with 
a smoothed spline function with its standard deviation, calculated 
using the tree ring measurements (dashed area)’, The data from 
both Dutch and German oaks were used. For the period after AD 


1920 the Dutch results were neglected. 


i850 1860 1870 1880 "1950 


masses, we have made a comparison with a recent global reser- 
voir model calculation (Fig. 4)'° carried out using a box diffusion — 
model", Values of the annual production during the period 
AD 1860-1950 were taken from ref. 16. In this calculation the a 
varying background **C level has also been taken into account. 
Both the long-term geomagnetically- and medium-term solar- -o 
induced '*C variations were calculated, respectively, using the 
relation derived by Houtermans’’ and an empirical relation .- 
between the average 11-yr solar cycle sunspot number and the 
°C production rate as determined for the pre-industrial interval $ 





Table 2 Radiocarbon content in tree rings of a Dutch oak (Quercus 
rubra, Sleen, 52°45’ N, 6°45’ E) 


ae 


Year of Laboratory 6" Coss 

growth no, GrN- (%o) (4o) 
1951 9293 —25.45 ~27.6+1.2 
1941 9480* — 23.90 —28.141.3 
1937 9479* — 24.65 


—25.9£0.9 





Radiocarbon content is calculated with the half life 5,730 yr and- 
corrected for isotopic fractionation. More results from this tree have -- 
been published previously”. : 

* Cellulose pretreatment; the other sampig was pretreated according k 
to the standard AAA extraction procedure’? 


AD 1723-1885 '°. A short-term annual variation has been. 
introduced superimposed on the medium-term contribution, as 
established from neutron flux observations’*’”. 

If we now compare our ““C results with these model calcula- 
tions then apart from the local dilution effect after AD 1920, 
the fine structure during the nineteenth century is in rathe 
good agreement. Because during that period there was only 
minor effect of fossil fuel combustion, the influence on the 
variation in the model-calculated '*C level is minimal. There- 
fore, the influence of changes in the solar activity on the “C 
production within an 11-yr solar cycle, as given in the model, 
seems to explain quite acceptably our measured short-term ME 7 
variations. However, especially for this fine structure, which 
can hardly be influenced by regional effects during this period, 
a better correlation between trees grown at different sites in 
the Northern Hemisphere is thought to be essential to establish 

a '“C variation modulated by the 11-yr solar cycle. : 

We thank Dr B. Becker for providing samples of oaks grown 
in southern Germany. 
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Although the origin of bedded radiolarian cherts in orogenic 
belts has been widely debated™**, their geochemistry is still 
poorly understood. Triassic bedded radiolarian cherts occur 
extensively in the Japanese Islands and are generally not associ- 
ated with ophiolitic rocks but rather with clastic rocks. We 
present here chemical data on the Triassic bedded cherts of 
Kamiaso in central Japan. The relationship of SiO, with ALO,, 
TiO, and Zr shows that the bedded cherts have been formed 
by a simple mixing of biogenic silica derived from radiolarians 
and sponge spicules with lithogenic materials. The ratios of 
several elements relative to TiO, strongly suggest that the shale 
partings and lithogenic portions of the cherts are con- 
sanguineous. Sedimentary structures as well as the geochemical 
evidence suggest that most Kamiaso cherts are turbidity current 
deposits. Our geochemical and geological data compared with 
those of recent marine sediments from various environments, 
| x demonstrate that the Triassic cherts and associated shale part- 
-ings are not deep pelagic in origin but formed in an offshore 
or marginal sea environment. 
» «Samples were collected from an extensive continuous outcrop 
of a Triassic chert formation’*'* along the Hida river, Kamiaso, 
Gifu Prefecture, central Japan (Fig. 1). The chert formation, 
~~ 100 m thick, is conformably overlain by a series of Lower(?)- 
Middle Jurassic strata” of chert, siliceous shale and turbidite 
. and is underlain by Triassic siliceous shale with chert layers. 
No ophiolitic rocks occur spatially associated with the cherts. 
The bedded chert consists of rhythmically interbedded chert 
and thinner shale (Fig. 1a), chert layers are from 1 to 30cm 
thick, mostly 2-7 cm, and shale layers from paper-thin to 1.5 cm 
thick. The chert has a wide colour range: green, grey, dark red- 
own, red, white and black. Some dark red-brown chert has 
less vitreous appearance and yields best-preserved Triassic 
‘adiolarians. Bedding surfaces are generally smooth, but where 
ale partings become thicker they tend to be knobby and 
pinch-and-swell structures and load casts are common. The 
chert layers occasionally show parallel lamination, whereas 
graded bedding is rare and inconspicuous because detrital grains 
of quartz, feldspar or lithic fragments are not present in the 
cherts. Locally, graded bedding is displayed either by the 
-upwards increase of clay content or by the upwards size grading 
of siliceous remains within one lamina. The chert is made up 
- largely of cryptocrystalline quartz with a small amount of illite, 
- chlorite and opaques; radiolarian tests and sponge spicules filled 
_ with cryptocrystalline quartz or length-fast chalcedony are 
- ubiquitous (Fig. 1b). Some radiolarians are cut by vertical 
microstylolites. Secondary minerals such as quartz, chlorite, 
carbonate and opaques are generally present in trace amounts 
except for white chert which is invariably veined by microcrys- 
talline quartz and chalcedony. 
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Kamiaso 


Fig. 1 Triassic bedded radiolarian chert at Kamiaso, Gifu Prefec- 

ture, central Japan. a, Rhythmically interbedded chert and thinner 

shale (hammer head, 20 cm); b, photomicrograph of black chert 

containing abundant silica-filled tests of radiolaria (scale bar, 
0.2 mm). 


The shale partings are very fissile and soft compared with 
cherts, have the same colour as associated cherts, and are 
composed essentially of a fine aggregate of illite, quartz, chlorite 
and opaques with or without radiolarian remains. Some partings 
have a conspicuous fracture cleavage with flattened radiolarians 
and well-oriented clay minerals. 

Sixty-nine chert samples and 37 shale partings collected from 
the outcrop were analysed with an automatic X-ray fluorescence 
spectrometer (Table 1). Figure 2 shows the SiO, content in 
cherts and shale partings plotted against ALO», TiO, and Zr. 
That the composition of the chert samples trends to SiO, = 
100% indicates that pure silica from a separate source is diluting 
other components during sedimentation. We thus conclude that 
the SiO, of the bedded cherts can be regarded as biogenic; the 
biogenic silica in each sample experienced different degrees of 
mixing with other elements which are considered mostly as 
lithogenic. 

To examine the depositional environment of the Triassic 
cherts, the analytical data were compared with those of about 
750 marine argillaceous sediments, which were collected during 





Table 1 Chemical composition of cherts and shale partings in averages 
and their standard deviations (water, carbonate free basis) 
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Shale partings 


Cherts 

No. of analyses 69 37 

(%) 3 
SiO, 96.22 +2.23 63.604+6.48 | 
TiO, 0.077 + 0.04 O77 £0.16 
Al,O3 1.74+0.86 16,98+3.11 
Total Fe,0, 0.77 +0.38 6.37% 1.16 
MnO 0.018+ 0.012 — 0.13+0.15 
MgO 0.44+0,.30 | 2.48+0.51 
CaO 0.35+0.02 .. 0.19+0.22 
NaO 0.082 +0.023 0.17+0.24 
K,O 0.40+ 0.23 4.81+0.95 
P-O; 0.035+0.015 0.24 +0.16 
(p.p.m.) 
Co 3.3%2.2 7+11 
Ni 1443.4 66 +22 
Cu 60+ 26 126+ 101 
Zr 23+%23 164447 
Pb 8.2+6.0 29434 
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-o Table 2 TiO, normalized values of marine sediments* in various regions and Triassic cherts and shale partings in central Japan 











Sediment type ss Area Environment Cruise (ref) 
AN _. Nishitsugaru Continental GH77-311 (25) 
(140° E, 41° N) shelf and 
ae J slope 
-Pacific Coast, Continental GH75-4 (20) 
-> South-west Japan shelf and 
slope, Nankai | 
Trough 
Pacific Coast, Continental GH76-2 (26) 
North-east Japan shelf and . | 


~~” Marine 










slope, Japan 


~ Trench. 


GH78-2 (21). 


Central Sea of Marginal sea 
argillaceous Japan i 
sediments 
Marine Shikoku Basin Marginal sea Site 443 (22) 
argillaceous | 
sediments on l 
Marine Shikoku Basin Marginal sea - Site 444 (22) 
|. argillaceous È | 
-sediments T ae 
Marine . Around Around. GH79-2, 3,4 (23) 
-argillaceous Ogasawara basaltic 
2 sedimentst Ridge islands 
= Marine Ogasawara Trench GH79-2, 3, 4 (23) 
c argillaceous Trench 
Sediments? 
Pelagic Pacific Ocean Deep ocean: GH79-2, 3, 4 (23) 
sediments floor on the floor 
east of the 
Ogasawara Trench 
Pelagic Northern Central Deep ocean GH79-1 (24) 
"sediments Pacific Basin floor 
Pelagic Northern Central Deep ocean GH80-1 (27) 
sediments Pacific Basin, floor 
Wake to Tahiti 
Pelagic Northern Central On the GH80-1 (27) 
> Sediments§ Pacific Basin, basaltic 
each ano Wake to Tahiti plateau 
» Pelagic Northern Central Deep ocean GH80-4 (28) 
sediments Pacific Basin floor 
Ace caer (174° W, 10°.N) 
Marine Northern Central Deep ocean GH80-4 (28) 
= argillaceous Pacific Basin floor 
sediments || (174° W, 10° N) 
Radiolarian cherts Kamiaso, central ‘Chichibu geo- 
Japan syncline’ 
Shale partings Kamiaso, central ‘Chichibu geo- 
Japan synclinie* 




















Distance Water No. of . ve 
from depth samples Total DE 
land (km) (m) analysed AlO,/TiO, Fe,0,/TiO, MnO/Ti 
30 1,400 87 24.11+1.98  8.73+0.75 0.10940 
110 2,900 29 2311+199 8.354051 
150 3,800 — 67 2216+120 92341.14 0.112+0.044 
260 2,300 61 22741.59 9.304164 0.298+0.596 
480 4,400 114 23,541.51 9.0840.72 0.48840.221. 
560 4,800 74. 22.8240.56 9.16045 0.455+0.296. 
930 2600 32 18.524176 11.094095 0.295+0.117 
600 7,400 40  219040.86 10,400.50 0.569+0,508. 
820 5,600 — 22 2198+104 10.28+0.40 0.971+0.720 
1,000< 5,200 34  19.63+3.41  9:82£40.80 0.497+0.289 
1,000< 5,500 72. 2328+205 11.8340.91 211060- 
1,000< 4,700 15. 12362.30 84041.25 1.334040 
1,000< 6,000 76 2297+166  10.95+1.21 24940.80 
1,000< 6,000 31 2782+273 1309+096 3.522085. 
69 22.08£2.32 10.2142.44 0.254+0,196. 
37. -21.971.07 


8.89+2.03 0.168+0.191 





* Samples of marine sediments are mostly collected from piston cores and deep sea drilling cores. “Distance from land’ and ‘water depth’ are expressed as values 


in averaged locations of a core group. 


t The low Al,O,/TiO, ratio can be attributed to basalts of the Ogasawara Islands. 
_ ¥Some samples of this group show high ratios of Al,O,/TiO, and high content of SiO, (ref, 23); these contain much acidic tuff. 
-eð The low ALO, /TiO, ratio can be attributed.to. basalts from the Manihiki Plateau. - 


“o>. |i The high ALO; / TiO, ratio is due to zeolites which are derived from acidic tuff. 


l cruises of the Geological Survey of J apan and Deep Sea Drilling | 
Project (DSDP) and analysed i in our laboratory with the same 
method used for cherts*”**, Si, Al, Ti and Zr tend to remain — 

in the resistates and hydrozates during the sedimentation pro-_ 


s: accordingly, the- m tual abundances no . ae Deanne 


















Tina the AhO,/TiO, ratio of sedinent a ane T 
if the sediment is diluted by biogenic. silica. Thus, several 
ides were. normalized to TiO, for the marine argillaceous 
iments in several regions (Table 2, Fig. 3). We noticed that 
he ratios of ALO; / TiO, and total Fe,O,/TiO, fall in a narrow 
nge in each region with a few exceptions; the ratios are from 
o 24 and from 8 to 11, respectively. It is particularly 
sting that the ratios are ‘similar to mean values of those 
granites. and basalts (Fig. 3) because this Suggests that the 
lithogenic part of the marine argillaceous sediments is derived 

: mostly from the continental crust. The exceptions can be 

- attributed to the contribution from oceanic island basalt, acidic 
tuff and others.as noted i in Table 2. 


_into the general range for the marine. argillaceous sedim 
| (Table 2, Fig. 3). The partings, however, are especially la 


—in-fault clay and gouge”, ‘suggesting that elements oth th 


ing As the shale partings are very fissile compared with cherts 
` meteoric waters will selectively soak into the partings and 


(22.0) in spite of errors in sampling and analysis. The rati 


oopen portions of the cherts are consanguineous 1 











The chemical features of the diate partings in the 
cherts can be compared with those of marine argillaceo 
ments to examine the environment of formation for t 
The average ratios of AlL,O;/TiO, and total Fe,0,/TiQ; 





in CaO and Na,O (Table 1). This feature is usually obse 





the ‘conservative’ elements would be-soluble through weat 


out mobile elements, as is the case with shear zones: of faul 
Accordingly, the elements other than the ‘conservative’ e 
ments in the shale are of no use for comparison. oe ae 

On the other hand, the average ratio of Al,O;/TiO, i in the : 
cherts (22. 1) is remarkably close to that of the shale. partings 


of total Fe.03/TiO, in the chert and in the shale are also simil 
to each other, although Fe cannot be regarded as conservativ 
This similarity strongly suggests that the shale partings anc 
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also implicitly shown in Fig. 2 where points for cherts and those 
for partings are approximately aligned. Cherts, which resist 
` weathering, are expected to have kept their original composi- 
tion: most TiO; normalized compositions, except for SiO,/TiO: 
Gn the cherts, therefore, show the chemical feature of the 
_ lithogenic portion deposited with biogenic silica. From this, we 
‘can deduce the sedimentation environment of the lithogenic 
portion and ultimately that of the whole chert. 
Most cherts are the same colour as associated shales; some 
_ cherts display parallel lamination and/or graded bedding, and 
some appear to grade upwards into overlying shales. These 
data strongly suggest that the Triassic bedded cherts of Kamiaso 
are turbidites’*"”'"*, derived mostly from a previously gathered 
accumulation of biogenic silica, shale partings being deposited 
as the tail of the currents. This conclusion is compatible with 
the chemical inference that the shale partings are con- 
Sanguineous to the lithogenic portions of cherts. 

Support for a turbidite origin of Kamiaso cherts also comes 
from microfossil evidence: both late Triassic conodonts and 
early Jurassic radiolarians occur together in some aes cherts 
of the uppermost part of the chert formation’®. A similar 
reworking of conodonts is also known in the bedded cherts of 
Inuyama”’, ~ 20 km south of Kamiaso, which are stratigraphi- 
cally almost in the same horizon as of Kamiaso. Presumably 
‘the conodonts would have been reworked at times when the 


to deeper depositional basins by turbidity currents. Because 
detrital grains other than fine clayey materials are not contained 
an both the cherts and shales, the depositional sites must have 
been sea basins where little or no coarser terrigenous sediments 
reached. Where did such basins occur during Triassic time, and 
recan we find such basins in the modern ocean? 

„useful criterion for discriminating depositional environ- 
sof marine sediments is the MnO/TiO: ratio. This ratio 
earshore: sediments remains generally low and does not 
uate much because granites and basalts regarded as a main 
rce of the sediments have a uniform and low ratio (Fig. 3). 








pus materials decrease while Mn precipitates nearly uni- 
nly- from ocean water (Table 2, Fig. 3). The ratio shows 
ost ty iO orders of magnitude of variation from the nearshore 

to the abyssal area. The MnO/TiO, ratio of the Triassic 
herts under. consideration is 0.254 + 0.196 and is close to those 
of the argillaceous sediments from the Central Sea of Japan 
and the continental shelf and slope off South-west Japan. The 
istance from land to both areas is at most 300 km. The fact 
that the ratio of the Triassic bedded cherts is quite different 
© fsom that of deep ocean. sediments implies that the cherts are 
not deep pelagic but would have formed in an offshore or 
z shallow marginal sea within = 300 km from land. Furthermore, 








original silica-rich material was transported from shallow sites 


e distance from land and the water depth increase, ter- 


Fig. 2 Relation between SiO 
o and AbO, TiO; and Zr. @, 
Cherts; ©, shale partings. 
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our preliminary analyses of 37 cherts from DSDP Leg 32 give 
6.28 for the average MnOQ/TiO, ratio, which is much larger 
than that of the Triassic cherts. The study of rare-earth elements 
on DSDP and on-land cherts suggests that some Triassic radio- 
larian cherts of Kamiaso formed in coastal areas, marginal seas 
or land-enclosed seas’’. All these facts confirm our view that 
the Triassic bedded cherts in central Japan are not pelagic in 
origin. 

Another factor enhancing the MnO/TiO, ratio is the contri- 
bution of hydrothermal components resulting from submarine 
volcanism*'. For example, Jurassic cherts overlying ophiolites 
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Fig. 3 Comparison of TiO? normalized values of marine argil- 
laceous sediments in various environments and Triassic cherts and 
shale partings. The detailed description is listed in Table 2. The 
horizontal line indicates tla. G and B represent the averaged 


values of granites and tarn respectively. 








in Italy show a higher range of the ratio (0.53-1.40) (refs 4, 

32) and they contain much Ni, Co and Cu. The features of 
these elemental abundance and Pb isotopic compositions? have 
been ascribed to hydrothermal activity during submarine vol- 
canism which gave rise to ophiolites. The MnO/TiO, ratio and 






he concentration of Co, Ni and Cu in the Japanese Triassic 
“cherts (Tables 1,2) are significantly lower than those 


Italian cherts, This suggests that bedded cherts in close 
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-association with ophiolites as in Steinmann Trinity’ are different 


in genesis from those intercalated within sedimentary sequences | 
treated here. Clearly the study of bedded cherts from — 
geochemical aspects in various orogenic belts will provide an © 
important key to understanding the environment of ancient k 
geosynclines. E 
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~ One of the most persistent proposals’ for the origin of the 
: Arctic sea floor is that Alaska, or parts thereof, broke away 
_ from polar Canada and rotated as much as 70° anticlockwise 
‘crelative to the North American craton. Subsequent 
aikata reduced the size of the rotated block (Fig. 1) 
and put the date of rotation at latest Jurassic-early Cretaceous 
(refs 4, 6, 7, 9, 10, and A. Grantz and S. May in preparation). 
Although restoration of the block provides a good geological 
fit between northern Alaska and the Arctic islands for late 
Palaeozoic and younger pre-rift age rocks,” the character of 
Devonian and older Palaeozoic rocks across the restored boun- 
dary is anomalous, with deformed and thermally altered rocks 
of northern Alaska lying against unaltered sediments on Banks 
__ Island (Fig. 26). Here I compare the known geology of mid-and 
early Palaeozoic rocks along the margins of the restored rift 
and explain the anomalous Arctic~Alaska terrane as a block 
that was displaced southwestwards in mid-Palaeozoic time by 
as much as 2,000 km from its initial orogenic site to the north 
and east of Ellesmere Island. 

Devonian and older rocks outcrop in northern Greenland’, 
northern Axel Heiberg and Ellesmere islands’? and northern 
Alaska™ and are found in the subsurface along the modern 
polar margin on Ellef Ringnes and Brock islands'*, Banks 
Island", beneath the Mackenzie Delta’®, in northernmost 
Alaska, Chukotsk Peninsula and the adjacent continental 
shelf". Across northern Greenland and adjacent parts of 

Canada, shallow-dipping Cambrian platform rocks pass north- 

-ward from the craton into dominantly carbonate shelf facies 

which in turn grade northward into a dominantly clastic filled 

` ensialic trough that on Ellesmere Island was two-sided and 

bounded on the north by a volcanic are?™ >+ . Trough sediments 

von Ellesmere Island were derived from both margins although 

- the source to the north declined steadily during the Cambrian 

; - interval”®. At this time in northern Greenland, detritus was 
_ derived from cratonic sources to the south’’. 
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In early and middle Ordovician time, felsic to intermediate 
volcanism prevailed on northernmost Ellesmere Island and was 
followed by local deformation and rapid deposition of flysch 
derived, at least in part, from Cambrian or older low-grade 
metamorphic rocks’*’* within a major new or rejuvenated 
source terrane to the north (Fig. 2c). This terrane also delivered 
clastic debris to northern Greenland beginning i in Ordovician .. 
time’’. Clastic deposition advanced southward in both regions | 
during the Silurian and early Devonian periods’? andon 
Ellesmere Island both the volume | and grade of deposited me 
material increased to the north-east'* a 

To the west of Mackenzie Delta across northeastern Alaska oO 
outcrop and borehole data indicate that in Cambrian and — 
Ordovician time shallow-water carbonate arches graded north- 


ward into shale—chert basinal sequences that contained substan- 


tial volcanic deposits’*'°'”°. In later Ordovician and Silurian 
time this setting was interrupted by major uplift (Fig. 2c) within 
the shale~chert zone and was accompanied by deformation, 
emplacement of a felsic pluton at 431413 Myr (K/Ar hörn- 
blende date)***’ and erosion that exposed Cambrian and older 


low-grade metamorphic assemblages along the uplift axis’*. The | 2 


grain size of early and (?) middle Devonian clastic debris in 


northernmost Alaska increased towards what is now the west s, 


along the present coast”. 





Fig.1 Boundaries of the inna 31 designated Arctic-Alaska® i 7 
(AA), presumed to have rotated. B, Brock Island; ER, E: 
Ringnes Island; PP, Prince Patrick Island. 
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ina relativ 
_ into the Mackenzie Delta region’. A second belt of small 
-intrusions is found along northernmost Axel Heiberg and 
` Ellesmere islands”. Intrusive rocks in each belt are dominantly 
felsic and most were emplaced during middle and late 
Devonian time'*?'. Several small ultramafic to felsic bodies of 
ate Silurian or early Devonian age are present within the Axel 
jeiberg—Ellesmere belt'?’*. In both regions, shallow marine 
onditions at the time of emplacement suggest that the plutonic 
rocks may represent an ensialic island arc or a continental 
margin magmatic belt”. 
, Metamorphic grade declines westward from amphibolite 
facies in northeastern Greenland"! to greenschist-subgreen- 
hist facies with local amphibolites on northernmost Ellesmere 
sland'*-”? to virtually unmetamorphosed rocks at Ellef Ringnes 
sland and beyond“ (Fig. 2a). West from the Mackenzie Delta 
hermal effects are variable and reach greenschist grade along 
he coast but amphibolite grade rocks are associated with the 
magmatic arc in the southern Brooks Range’” uae : 
Except for the Banks Island area, these regions experienced 
one or more early Palaeozoic periods of thermal and structural 
alteration that generally increased in intensity towards the north 
and ‘culminated during middle Devonian to early Mississippian 
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- Fig. 2 Early and mid-Palaeozoic orogenic features 

-e with continental blocks arranged: a, as at present; b, as they may 

“have appeared before presumed rotation of Arctic~Alaska; c, 
before onset of mid-Palaeozoic tectonism. 


: ind TOW belt (Fig. 2a) that extends northeastwards 
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Fig. 3 Possible Devonian tectonic development of the Arctic 

region. Large arrows in 6 and.c indicate expected directions of 

sediment and tectonic transport on opposite sides of the fault 

zone, a, Late Silurian 400 Myr; 6, middle Devonian 375 Myr; 
c, late Devonian 350 Myr. 


time with the deposition of thick southward-tapering clastic 
sediments that palaeocurrent studies suggest were transported 
mainly from north-east to south-west in both northern Alaska 
and the Canadian Arctic Islands'*"*?*?5, Uplift and clastic 
wedge formation that began on northern Ellesmere and Axel 


Heiberg islands in early Middle Devonian time expanded south- 


westnerce at an sabes rate closet to 3 cm yE to include P 





of sea floor: beneath the Laurentian continedital t mass, followed 
in mid-Palaeozoic time by closure of an ancestral Arctic Ocean 
and suturing of the opposing cratonic blocks*"""*. The Banks 
Island area in this view lay opposite an embayment in the 
approaching landmass and was therefore spared the orogenic 
effects of continent-continent collision’>. In a restored rotation, 
however, no appropriate embayment is evident in palaeogeo- 


graphical.reconstructions of northern Alaska’®. More recent 
studies indicate that, in oa early and mid- Palaeozoic clas- 








_ tic sources to the north did not extend further south-west than 
-> Axel Heiberg Island’*** and also that significant left-lateral 
== movements may have been associated with development of the 
orogen. 

The gross similarity in mid- and early Palaeozoic stratigraphy, 
< tectonism and metamorphic grade between Arctic-Alaska and 
astern Laurentia has long been noted!?!’. Several of 
comparative features may be explained if the two terranes 
e once joined, polar margin to polar margin (Figs 2c, 3a). 
The ensialic trough and associated volcanism noted for the 
Cambrian in the northern part of each region may indicate the 
=o presence of an adjacent consuming margin that ceased activity 
<> when the opposing Arctic~Alaska block collided with north- 
eastern Laurentia in middle Ordovician time'*’*. Uplift, meta- 
morphism, deformation and plutonism in northern Alaska at 
about this time is matched by contemporary metamorphism, 
deformation and volcanism on northernmost Ellesmere Island. 
Uplift in Arctic~-Alaska may thereby have become the source 
region for Ordovician through early Devonian clastics derived 
z. from the north in the Greenland-Ellesmere region (Fig. 2c). 
(The crystalline fraction of detritus delivered to the latter region 
-and rocks within the core of the eroded zone in Alaska are 
=< similar in age and metamorphic grade. Further, with Arctic- 

Alaska so oriented, the present westerly coarsening of early 
‘Devonian sediments in coastal Alaska becomes, in mid- 
Palaeozoic time, a northeasterly coarsening in agreement with 
the textural trend noted in contemporary clastics on what was 
then the adjacent landmass of Ellesmere Island. For middle 
Devonian to early Mississippian syntectonic deposits, however, 
the proposed reconstruction places major sediment transport 
directions within adjacent terranes in opposition, northeasterly 
in Arctic~Alaska, southwesterly in Arctic Canada*® 

Preliminary palaeomagnetic reconstructions??? show that 
= the Siberian Shield may have approached the ancestral polar 

~ Margin of Laurentia from what is now the east during the early 
< Palaeozoic and that intervening sea floor was probably elimi- 
. nated during Devonian time (Fig. 3a, b). The approach of the 
-Siberian block may have ruptured the weld between Arctic- 
Alaska and northeastern Laurentia and caused the former to 
move with compression accompanied by significant left-lateral 
motion against the Laurentian front to produce a broad zone 
of uplift and erosion within each block. In Laurentia, the 
affected zone expanded to the south-west as the Arctic—Alaska 
block proceeded (Fig. 34, c). Significant but undated south-west 
-directed thrusting is also documented on northernmost Elles- 
mere Island'’. By early Mississippian time, the migrating Arc- 
tic-Alaska terrane presumably came to rest against a zone that 
< Included the Banks Island area although, as earlier noted, the 
deformed belt did not extend beyond Prince Patrick Island. 
Final late- to post-orogenic movements in the region may not 
have been attended by significant disruption along the zone of 
contact between the two plates. 

This reconstruction implies that Arctic~-Alaska also moved 
against oceanic lithosphere as it advanced to the south-west 
(Fig. 3). Underthrusting or subduction of the latter beneath the 
encroaching continental block in middle and late Devonian 
time may be indicated by the belt of plutonic rocks along the 

southern Brooks Range (Fig. 2a), which would have been close 
to the leading edge of the Arctic-Alaska block during this 
interval (Fig. 3b, c). Contemporary magmatism in northernmost 
Ellesmere Island may be related to the initial stages of this 
event. Late Silurian—early Devonian intrusions within the Elles- 
mere belt may mark the line of separation between Laurentia 
and Arctic-Alaska or they could be the intrusive equivalents 
of nearby Ordovician volcanics’? (Fig. 2c). 

-<3 A key feature of this concept is that compression combined 
Aa saith lett lateral translation between adjacent continental blocks 
produces a region of uplift and clastic deposition that advances 
in each terrane as the zone of contact between them progresses. 
In Laurentia, the contact zone is seen to move to the south-west 
as does the region of middle and late Devonian uplift and clastic 
deposition” (Fig. 3b,c). In Arctic-Alaska, the opposing 
















Laurentian block will appear to move to the north-east. Mid- 
Palaeozoic uplift and sediment transport in Arctic~Alaska 
should therefore proceed also towards the north-east. That is, 
the relative motions should produce overall directions of 
orogenic expansion and sediment transport in each block that, » 
when compared, will be diametrically opposed. As indicated — 
earlier, this is the case for mid-Palaeozoic palaeocurrent direc- 
tions when Arctic—Alaska is placed in its pre- -rotated positio 
against polar Canada***°, However, there is little evidence o 
corresponding northeastward orogenic expansion at this tim 
in northern Alaska, perhaps because the entire facing side of 
the smaller Arctic-Alaska block was already in contact with 
the larger Laurentian block at the start of the tectonic episode 
(Fig. 3a). : 
This scheme was anticipated as early as 1965 by Harland”? 
who proposed left-lateral shearing north of Greenland and _ 
Ellesmere Island as an extension of major sinistral faulting in — 


late Devonian time within the Caledonian foldbelt. Recent 


palaeomagnetic evidence” assigns a Carboniferous age to the E 
latter displacement which implies that Devonian shearing along 


the polar margin was an earlier and therefore separate event 


as suggested here. 


The present scenario is attractive in that it explains early = 


Palaeozoic and Devonian geological and tectonic similarities 


between what are now widely separated regions and, in a 


restored rotation, it accounts for dissimilarities between pre- 
Carboniferous sequences in the Banks Island area and in north- 
ern Alaska, The location as well as the linearity of the present | 
polar margin from Greenland to the Mackenzie Delta are also. 
explained as having been the site of a major mid-Palaeozoic 
shear. 

At the end of Jurassic time, some 200 Myr after its Palaeozoic 
travels came to an end, Arctic-Alaska moved again, this time 
in anticlockwise rotation to begin the process of opening the 
modern Arctic Ocean basin. 
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The mechanisms involved in producing the vast number of 
specific connections in the nervous system are unknown. As 
; nerve cells grow during development and seek out their targets 
-there must be some sort of molecular cues for axonal guidance 
and final target recognition. One strategy for identifying such 
factors is to locate the genes which code for or control the 
expression of the molecules. To identify these genes, we have 
chosen a simple network of eight neurones in Drosophila 
melanogaster, comprising the giant fibre (GF) system’™, in 
which we can detect the effect of mutations on connectivity. 

We report here the isolation of an X-linked, recessive mutation, 

bendless (ben), which deletes one process of the GF while 

leaving other portions functionally unaltered. 
= The GF network is activated by a light-off visual stimulus 
-and mediates the early events of an escape response consisting 
of a jump and subsequent flight*. To isolate potential con- 
nectivity mutants we used standard mutagenesis techniques and 
a behavioural screen to select flies failing to jump to the light-off 
“stimulus. Males 1 or 2 days old were fed the mutagen ethyl 
- methane sulphonate (EMS) and mated to C(1)M3/Y 
` females’; the F, male progeny from this cross inherit the 
| mutagenized paternal X chromosome. We screened 56,000 F; 
males. The screening device consists of a flask inverted in a 
beaker, Flies are placed inside the flask and are free to walk 
. along its inner surface. A light-off stimulus causes them to 

-jump, but because activation of the flight muscle does not always 
result in maintained flight, the flies fall a small distance. After 
several stimuli, jumpers fall into the beaker where they are 
-< unable to re-enter the testing area; non-jumpers remain in the 
<- flask, White-eyed flies, which lack the visual screening pigments, 
show greater reliability than wild type in jumping to the light-off 
stimulus. Therefore, white-eyed flies of the brown; scarlet (bw: 
st) genotype were used. Both the morphology of the GF and 
its motor output in 4w; st flies are indistinguishable from wild 
= type. 

Non-jumping lines were established from individuals selected 
in the screen. Males from these mutant lines were then tested 
> physiologically for defects in the GF system by stimulating the 

= GFs extracellularly in the brain and recording from thoracic 
= muscles known to be driven by them. Underlying structural 
ae abnormalities in the GF were revealed by intracellularly in ject- 
ing the GF with the fluorescent dye Lucifer yellow. From these 
experiments several X-linked mutations have been isolated 
_ which disrupt the normal physiology and morphology of GF 
system neurones. The bendless mutation is one of these and 
maps. between vermilion and forked. 
~The GFs themselves are a pair of large interneurones having 
ell bodies located ipsilaterally in the brain. Each sends an 
axon. along the dorsal midline of the cervical connective to the 
thoracic ganglion where it courses ventrally. Within the 
- mesothoracic neuromere the GF axon makes a lateral bend 
_and ends abruptly'’ (Fig. la, b). Just before this lateral bend, 
- the GF makes an electrical synapse with the peripherally 
~ synapsing interneurone (PSI)', which crosses the ganglion and 
Ghemically synapses onto the five motoneurones of the contra- 
_ lateral dorsal longitudinal flight muscle (DLM), At the terminus 
© of its bend, the GF makes another electrical synapse with a 
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Fig. 1 a,c-e, Whole mounted thoracic ganglia, viewed with 
fluorescence optics, fram a wild-type (a) and three bendless (c-e) 
individuals. In each the GF has been injected with Lucifer yellow. 
Techniques of dye injection are as described by Koto ef al’. a 
c, d, Dorsal views; e, a dorso-lateral view in which the normal 
ventral bend and abnormal branches are visible. Anterior is ap; 
scale bar, 100 pm., b, Schematic diagram of the GF bend region 
from an electron micrograph reconstruction’ showing the location 
of synapses between the GF and PSI (single arrowhead) and 
between the GF and TTM motoneurone (double arrowhead), 


large motoneurone innervating the tergotrochanteral muscle 
(TTM, or jump muscle)’. 

In mutant flies (n = 10) the GF cell body position and den- 
dritic morphology are indistinguishable from wild type (data 
not shown) and the GF axon descends unbranched to the 
thoracic ganglion. However, within the ganglion the GF fails 
to make the lateral bend characteristic of wild type and termin- 
ates before making the bend (Fig. lc, d). Extending from the 
tip are numerous fine processes ~3—-5 um long, Occasionally, 
this branching is more extensive (1 = 2), consisting of processes 
up to 30 um long (Fig. le). In neither case does the GF extend 
to the region where it normally makes synaptic contact with 
the TTM motoneurone. The TTM motoneurone itself is present 
and drives the TTM normally. Preliminary experiments using 
retrograde labelling with horseradish peroxidase indicate that 
the TTM motoneurone morphology is normal in ben flies 
(M. Koto, personal communication). 

Physiological experiments show that in the mutant the GF 
drives the DLM normally, but the TTM is driven abnormally. 
In wild type a spike in the GF drives the TTM and DLM with 
short and constant latencies. Figure 2a shows the response 
recorded in the TTM and DLM to intracellular stimulation of 
the GF in a wild-type individual. The TTM, whose motoneurone 


is driven monosynaptically by the GF, has a response latency 
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TTM via an as yet unidentified polysynaptic pathway. 
Evidence from following frequency experiments. supports the 
conclusion that the normal GF-TTM motoneurone synapse is 
absent. The TTM of wild-type flies can be driven by GF stimula- 
tion at frequencies >100Hz (ref. 3), but in the mutant, the 


“TTM can be driven 1:1 only at frequencies <1 Hz. In contrast, 


(the normal DLM following frequency to GF stimulation is 
E unaffected i in the mutant. Figure 3a shows the response in the 
-FTM of wild. type to extracellular stimulation of the GF at 
eee 50 Hz. The pathway can respond to each of the stimuli with its 
2 characteristically short and constant latency. Figure 3b shows 

- the response in the TTM of a ben individual to GF stimulation 
at 50 Hz. The pathway can only follow. the first. stimulus. As 





the DLM responded normally to all stimuli in the train, each. 
stimulus was effective in eliciting a spike in the GF. Figure 3c- 


shows that the TTM pathway of ben flies is capable of following 
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Pe 2 Response in TTM and DLM to intracellular stimulation 
ofthe GF in wild-type (a) and ben (b). Top traces are the 
-. © intracellular records of the GF. Current is shown in the lower 
"traces, Muscle responses shown in the middle trace are driven by 


the first GF spike. Vertical calibration is 40 mV for the GF and 


DLM, 20 mV for the TTM; 10 nA for the current, 


n abnormal region, is not known. However, as the TTM © 
icy is 1.4-2.2 ms greater than wild type, and a normal. 
ynaptic delay is of the order of 0.5 ms, it is unlikely that there 
is direct functional contact between the GF and the TTM | 
: < motoneurone. Instead, it is likely that the GF is. driving the — 


either missing or defective in the mutant. During normal 
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Fig. 3 a, GF stimulation at 50 Hz while recording the response -3 
in the TTM of a wild-type individual. b, Same as a but in the =- 
mutant ben. c GF stimulation at. 0.5 Hz while recording the 
response in the TTM of a ben individual. d, TTM motoneurone 
stimulation at 50 Hzin ben. In each trace 10 effective stimuli were 
delivered. Insulated tungsten electrodes were used for stimulating 

and recording in all experiments. 


low frequencies of GF stimulation without failure. In this 
experiment the GF was stimulated at-a frequency of 0.5 Hz; 
the TTM followed 1:1. To exclude the possibility of a defect ; 
in motoneurone spike conduction, neuromuscular transmission | 
or the muscle membrane, the TTM motoneurone was stimu- _ 
lated extracellularly in the ganglion while recording from the 2 
TTM itself. Figure 3d shows. the TTM response to stimulation — 
of its motoneurone at 50 Hz; the muscle follows the train of » 
stimuli without a failure. This indicates that the site of lability. 
in the pathway mediating the abnormal TTM response Š Hie 
centrally, between the GF and TTM motoneurone. 3 

One of the more interesting possibilities for the mutation’ s 
mechanism of action is that some molecule necessary for the- 
recognition between the GF and the TTM motoneurone. is 


development, insect neurones often send out many branches. 
and retract them at approximately the time synaptic contact is 
made with their targets’. In this case, the presence of abnormal. 
branches in ben may be the result of the GF failing to mak 
normal synaptic contact with the TTM motoneurone. Further. 
genetic analysis of mutations such as ben may lead to the 
identification of genes encoding developmentally importan 
molecules involved in connectivity. Ultimately, the molecu 
themselves may be identified using. the techniques of molecular 
biology. z 
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Previous studies’’ have shown that intracerebral implants of 
embryonic mesencephalic dopamine (DA) neurones, grafted 
«between individuals of the same inbred rat strain, can reverse 
oon some of the functional deficits caused by damage to the 
-= nigrostriatal DA pathway. These observations have raised the 
-possibility that the intracerebral neural grafting technique may 
eventually find a clinical application in the treatment of 
~: neurodegenerative disorders, particularly Parkinson’s disease. 
_. One obvious obstacle to any such attempts is the immunological 
_ rejection mechanisms associated with allogeneic or xenogeneic 
grafting. Thus, neural tissue (sensory and sympathetic ganglia), 
-< transplanted across immunological barriers to sites outside the 
central nervous system (CNS), are known to be rejected®’. The 
brain has, however, been described as an immunologically 
| ‘privileged’ site, partly perhaps because of its protective blood- 
“brain barrier’**, This may be the case for grafts of embryonic 
=- tissue, in particular. Thus, Zalewski et al.“ have reported 
rejection of allografts of adult ganglionic neurones transplanted 
o the spinal cord, while Low et al.‘ found prolonged survival 
of embryonic brain tissue in the hippocampal region, grafted 
between rats of different strains. We report here long-lasting 
functional cross-species transplantation of mesencephalic DA 
neurones, taken from mouse embryos, to the dopaminergically 
denervated neostriatum of adult recipient rats. 

Grafts were taken from the ventral mesencephalon (contain- 
ing the developing substantia nigra—ventral tegmental area DA 
cell group) of 16-17-day-old mouse embryos (NMRI-strain, 
= Anticimex, Stockholm). The recipients were 18 young adult 

female rats (Sprague-Dawley strain, Anticimex AB) subjected 
to a unilateral 6-hydroxydopamine (6-OHDA) lesion of the 
right nigrostriatal DA pathway 1 month before transplantation. 
The lesion was performed by local injection of 8 ug 6-OHDA- 
HC1 (Hassle) into the nigrostriatal pathway’*. The lesion of 
the nigrostriatal DA pathway was complete in all recipients as 
assessed by the intensity of the amphetamine-induced turning 
response. The criterion rate > 6 full ipsilateral turns per min 
over 90 min in response to 5mg per kg metamphetamine 
(intraperitoneally) has previously been shown to correspond 
to a permanent reduction of neostriatal DA of more than 97% 
~ (refs 3,16). The rotation tests were made in automated 

--rotometer bowls according to Ungerstedt and Arbuthnott!’ 
The grafts were placed on the dorsal surface of the denervated 
neostriatum, within a cavity made by aspiration through the 
anterior parietal cortex and the corpus callosum, as described 
| elsewhere’? . Further rotation tests were conducted 14, 35 and 
5} months after transplantation. Turning in response to a low 
dose of apomorphine (0.05 mg per kg, subcutaneously) was 
tested twice, at 4 and 5 months after transplantation. All animals 
were killed at 6 months after transplantation and the brains 
_ processed for catecholamine fluorescence histochemistry 
- according to the ALFA method”, Alternate sections were 
stained with cresyl violet. 

In 10 of the 18 rats the fluorescence histochemistry revealed 


















neostriatum. In the remaining 8 animals the. transpl: n 
cavities were empty (except for some connective 
residual Gelfoam remnants) and there was no trace 
DA neurones, suggesting that the grafts i in these cas 
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_. surviving DA neurones and reinnervation of the denervated 


tally: resorbed ( ae actual oe 


transplant piece, within the cavity, had also been i ne re- 


sorbed. The surviving DA-containing neurones occurred either 
in small, apparently non-vascularized cell clusters at the surface 
of the caudate-putamen, or scattered within the dorsal part of 
the caudate-putamen (Fig. la). These DA neurones were 
mostly small and rounded, and exhibited a DA fluorescence of 
widely varying intensity. The cresyl violet stain suggested the 
presence also of some non-DA neurones in the cell clusters, 
but there were no obvious signs of lymphocytic infiltration 
within these clusters, or within the caudate-putamen of the 
host. 

The most striking microscopic finding was the newly formed 
DA-fluorescent terminal network within the caudate-putamen 
of the positive cases. In 8 of the 10 specimens this reinnervation 
was rich and covered large areas of the head of the host 
caudate-putamen (Fig. la). In several cases the DA fibres 
occurred in patches which were seemingly derived from single 
DA-containing cell bodies in their vicinity, In two of the positive 
cases the ingrowth of DA fibres was poor and confined to a 
few small patches close to the transplantation cavity. . 

For behavioural analysis the rats were allocated in a blind 
manner to one of three groups: rich ingrowth, poor ingrowth 
or no ingrowth. The amphetamine and apomorphine rotation 
tests revealed a striking relationship between graft ingrowth 
and compensation of the turning response in the lesioned rats 
(Fig. 2). Thus, whereas the rats with no DA neurone survival 
(open circles in Fig. 2a) increased their amphetamine-induced 
turning response, from an average of 8.1 turns per min before 
grafting, to an average of 15 turns per min by 55 months, the 
rats with DA neurone survival and rich ingrowth into the 
caudate-putamen (filled circles in Fig. 2a) reduced their turning 
response from 9.6 turns per min to 1.0 turns per min. The 
compensation of the turning response developed over the first 


3 months and remained stable between 33 and 5} months after ” 


transplantation. Both the magnitude and the time course of 
compensation of the turning response in the xenografted 
animals are very similar to those previously observed in rats 
with homologous nigral grafts’. In the rats with poor DA 
ingrowth into the caudate-putamen, the compensation of the 
amphetamine-induced turning followed a different time course 
and became evident only between 33 and 53 months after 
transplantation (open triangles in Fig. 2a). The differences 
between the groups are statistically significant (Fig. 2). 

The contralateral turning response to a low dose of the DA 
receptor agonist, apomorphine (0.05 mg per kg), which can be 
taken as a measure of the degree of DA receptor supersensitiv- 


ity in the denervated neostriatum’’, was on the average reduced _ 


by 65-75% in the richly reinnervated rats compared with the 
rats with no or poor DA ingrowth (Fig. 26). This reduction is 
statistically significant and similar to that previously recorded 
from rats with homologous grafts’. 

The present results demonstrate that long-term survival of 
cross-species grafts of embryonic DA neurones can be achieved 
in the adult rat CNS in the absence of any immunosuppressive _ 
treatment. It is interesting that the surviving DA neurones were 
found on the surface and in the depth of the host caudate- 
putamen, whereas the bulk of the discrete transplant had been 
almost totally resorbed. This suggests that the migratory capac- 
ity of the embryonic neurones or neuroblasts in the graft is of 
critical importance for their ability to escape rejection. 
Although a blood-brain barrier is known to develop within 
grafts of embryonic CNS tissue, it is likely that it is established 
by vessels derived from the graft itself rather than from the 
host’’*'. Thus, if the blood-brain barrier is important for long- 


term survival of immunologically imcompatible grafts in the 


CNS, our results would support the idea that grafted neurones 
can escape rejection by migration into the protected environ- 
ment behind the barrier of the host. This would also explain 


i i the ability of the xenogeneic DA neurones to reinnervate and 
E establish. a new, long-lasting terminal network within the host 


: udate-putamen. 
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Fig.1 The dorsal part of the caudate- 
putamen: a, in a case with surviving 
grafted DA neurones and a rich 
dopaminergic reinnervation of the 
dorsal caudate-putamen, and b, in a 
case with no surviving graft and a per- 
sisting total dopaminergic denervation 
of the caudate-putamen. Both rats 
were killed 6 months after trans- 
plantation. Asterisks in a denote 
clusters of intensely fluorescent DA- 
containing neurones at the bottom of 
the transplantation cavity (cav). Some 
fluorescent DA-containing cells 
within the caudate-putamen of the 
host are marked with arrow heads. 
(x160.) 





Although the survival of the discrete grafts was generally 
poor in the cross-species experiments, the magnitude of DA 
fibre ingrowth into the host caudate-putamen and the degree 
of compensation of the turning asymmetry were well within the 
range of those seen with homologous nigral grafts (compare 
refs 3, 5). Indeed, the degree of reduction in DA receptor 
supersensitivity in the reinnervated neostriatum, seen in the 
present experiments, suggests that the cross-species nigral 
transplants may be as effective as the homotypic grafts in 
restoring DA neurotransmission in the previously denervated 
target. This is interesting not least because it may be possible 
to enhance the quality and magnitude of survival of the cross- 
species neural grafts by applying immunosuppressive treatment, 
not used in the present study. The conditions for functional 
transplantation of embryonic neurones across immunological 
barriers, to sites within the brain, thus seem to be more favour- 
able than for peripheral grafts of neurones or endocrine cells 
(such as the islets of Langerhans) which are rejected unless 
heavy immunosuppressive treatments are applied®™? 7? 4, 

We thank Jan Berglund, Ulla Jarl and Gertrude Stridsberg 


Fig. 2 Drug-induced rotation in 
rats with unilateral 6-OHDA 
lesions of the nigrostriatal path- 
way, followed 1 month later by 
grafts of DA-rich embryonic 


fibre ingrowth in small patches in 
the host rat caudate-putamen (n = 
2); e —e, rich surviving fluorescent 
fibre ingrowth in dorsal portions of 
the host caudate-putamen (n = 8). 
Values plotted are means +s.e.m. 
a, Ipsilateral rotation over 90 min P | 5+ 4 5 
following intraperitoneal injection Months post- transplantation 

of 5.0 mg per kg metamphetamine, 

before (P) and at regular intervals following transplantation. Difference between groups: F(2, 15) = 10.59, P< 0.01; group x time interaction: 
F(6,45)=9.41, P<0,01. b, Contralateral rotation over 40 min following subcutaneous (s.c.) injection of 0.05 mg per kg apomorphine, 4 ® 
and 5 months following transplantation. Difference between groups: F(2, 15) = 3.97, P<0.05: group X time interaction: F(6, 45) =0.23, not 
Significant. 
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Ganglion cell receptive fields in the vertebrate retina are 


classified as ‘simple’ if they display mutually antagonistic, con- 
centric on and off responses to stimulation by light’, or ‘complex’ 
if they respond maximally to a stimulus which moves in a certain 
direction or has a particular orientation’, One complex unit 
frequently reported is directionally selective’. It is excited by 
stimuli moving through its receptive field in only one direction, 
the preferred direction, and is inhibited by motion in the reverse 
or null direction. In species such as cats and monkeys which 
have a predominantly simple centre-surround organization of 
„ganglion cell receptive fields, there is a low ratio of conventional 
{amacrine cell) to ribbon (bipolar cell) synapses in the inner 
_ plexiform layer, while in species such as pigeons and frogs which 
“have a large percentage of complex ganglion cell receptive 
_ fields, there is a high ratio of conventional to ribbon synapses. 
It is therefore thought that amacrine cells, which are laterally 
- interconnecting neurones in the inner plexiform layer, form the 

‘complex ganglion cell receptive field™”. Although quantitative 
electron microscopy of the inner plexiform layer has indicated 
= that amacrine cells may form the complex receptive field 
` properties of ganglion cells, it offers no clues to the particular 

_ morphology of amacrine cells involved. I have therefore now 

_ studied amacrine cells in pigeon retina using Golgi impregnation 
in both whole-mounted and radially sectioned material to see 
- whether there is a correlation between the morphology of 
_ amacrine cells and the receptive fields of ganglion cells. In 30 
Golgi-impregnated retinas, I have found many different mor- 
-phological types of amacrine cell. One of these is so clearly 
-different from all other amacrine cells that it requires the 
- separation of pigeon amacrine cells into two distinct classes, 
those which lack axons (class I ceils) and those which have 


axons (class II cells). 


Class I amacrine cells have dendrites radially organized with 
respect to their cell bodies when viewed in flat preparations 
_ (Fig. 1b-e). The cells have diverse morphology, and may include 

- cells with dendritic trees which are multiply stratified, but which 
nevertheless display a radial symmetry when viewed in flat 
preparations. In comparison class II amacrine cells of the pigeon 


retina are not radially organized. In addition to their dendritic _ 
_ processes, they have a short axon with a terminal arborization | 
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in the same stratum of the inner plexiform layer as their den- 
drites. These cells were first described by Cajal’ in another 
avian species, and he termed them ‘association’ amacrines, but 
their presence has not been reported since that time’®. They 
differ from ‘ordinary’ amacrines (class I cells) as they clearly 
have an axon. 

In the 30 Golgi preparations of the pigeon retina, the associ- 
ation amacrine cells are frequently stained: over a 100 may be 
found in a single retina, but only 5 have been stained completely 
through their axon terminal arborization. 

Association amacrine cells (Fig. 1a) have 13 ym diameter 
cell bodies, which makes them larger than all other amacrines 
(6-10 pm), and are situated in the innermost part of the inner 
nuclear layer where they are exceeded in size only by the Dogiel 
(displaced ganglion) cells. Four or five dendrites about 2 pm 
thick arise from the vitreal part of the cell body and branch 
once or twice. Large 3-4 um spiny varicosities occur on the 
dendrites near branch points, and the dendrites then taper to 
very fine processes and terminate in the outermost stratum of 
the inner plexiform layer, with a total length of no more than 
35 um. An axon of 1.5 yum diameter arises directly from the 
cell body or one of the dendrites and courses just beneath the 
inner nuclear layer for 200-700 um. Collaterals may arise from 
the axon, but two axons are rarely observed; if the two axons 
do exist, both follow the same course. At its terminal arboriz- 
ation in the outermost stratum of the inner plexiform layer the 
axon thins to 0.5 wm, bears many 1-2 um terminal and preter- 
minal boutons and spans up to 200 um. The axons of different 
cells appear to be non-preferentially oriented: those arising . 
from nearby cells may cross each other at various angles. The 
association amacrine cells, due to their morphological polariz- 
ation, might be involved in the organization of directionally 
selective receptive fields of ganglion cells in pigeon retina. 

Directionally selective units in the pigeon retina respond to- 
movement through their receptive fields in the preferred direc- 
tion with a vigorous discharge of spikes*”. There is virtually no 
response to a moving stimulus in the opposite or null direction’ 
and a small response to a stationary stimulus over the receptive 
field*. The null directional movements, which are inhibitory 
and determine the null-preferred axes, are oriented in many 
directions so that different directionally selective units may have 
different null-preferred axes. Other evidence? indicates that 
there is an inhibitory patch offset from the receptive field centre 
which determines the null direction, and when examined at this 
offset patch, the receptive field is non-directional as it is 
inhibited by moving stimuli in both the null-preferred and 
orthogonal axes. Similarly, the field centre is non-directional 
when examined at the preferred side since it may be activated 
by preferred, null and orthogonal movements’. 

Association amacrine cells could be the anatomical basis for 
the directionally selective responses recorded in the pigeon 


__ retina. Their having an axon which separates morphologically 
- distinct parts of the cell is clearly consistent with a physiological 
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-= Pig.1 Camera lucida drawings of Golgi-impregnated amacrine cells in whole, flat-mounted pigeon retina, ‘Ordinary’ amacrine cells (b-e) 
lack an axon and their dendrites display radial symmetry. ‘Association’ amacrine cells (a) clearly. have an intraretinal axon which separates 
the dendritic end and the axon terminal arborization, and thus are morphologically polarized, This morphological polarization could mediate 
directional selectivity in pigeon retina. Bar, 100 pm. 


concept of asymmetric lateral inhibition extending in only one 
direction which determines the null-preferred axis'', Like 
different directionally selective units, the axons of association 
amacrines have different. orientations. The axon terminal 
arborization could be located over the receptive field centre of 
the ganglion cell. The soma and dendrites of the cell are then 
Offset from the field centre, and activation of the association 
amacrine by motion in the null direction as a patch offset from 
-the field centre could inhibit the ganglion cell. Thus motion in 
-the preferred direction could excite the ganglion cell. This 
model can account for the non-directionality of responses at 
the receptive field centre and the non-directionality of inhibition 
which appears to be offset from the receptive field centre and 
determines the null direction’. : 
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The mutant mouse spastic, which carries a single-locus, recessive 
mutation’ on chromosome 3 (refs 2, 3), is characterized by 
hyperexcitability, rapid tremor, rigidity and prolonged righting 
reflexes’. No anatomical abnormalities have been found in 


preliminary histelogical studies of muscle or the central nervous 
system (CNS)". Electromyographic studies in spastic. mice 
demonstrate abnormal electrical bursts during activity and 
abnormal stereotyped reflexes“. Drugs which increase y- 
aminobutyric acid (GABA)* or enhance GABA synaptic 
action® reduce spastic symptoms, suggesting that they result 
from an imbalance in excitatory and inhibitory influences in 
the spastic CNS. Strychnine antagonizes the synaptic action of 
glycine’, and binds to a membrane site with the characteristics 


of the postsynaptic glycine receptor®". The behavioural and 
electrophysiological abnormalities of spastic mice are repro- 
duced in normal mice given subconvulsive doses of strychnine*, — 
suggesting that spastic symptoms might result from a deficiency _ 
in glycine-mediated inhibition*. We describe here evidence that 
supports this hypothesis: a decrease in °H-strychnine binding. 
in membrane fractions prepared from spastic compared wit 

littermate control mice. We also demonstrate an involveme 

of the benzodiazepine, and possibly the GABA, binding sit 

































4 between B6C3- a/ a-spa/ + hybrids J jackson L aoa] and x 
` homozygous spa mice (spa/spa) were identified by tremor and 
difficulty in regaining upright posture when turned on their 


backs. Unaffected littermates (+ /?) of the same sex were used 
as controls in all studies. Spastic mutants are significantly 
smaller than control animals: a sample of adult spastic animals 
(n =7) weighed 81.74+4.4% (mean+s.e.m.) of their littermate 
controls and the spa/spa brain regions (spinal cord, brain stem, 
midbrain and cortex) weighed an average of 88.4+8.4% of 
comparable +/? regions. There were no significant differences 


among the spastic to control weight ratios for the individual 
. regions. 


The binding of *H-strychnine in spa/spa and +/? animals 


is presented in Table 1. In all regions tested, specific *H- 





strychnine binding is reduced in spa/spa compared with + 72. 
‘he low level of binding seen in the spastic CNS makes accurate 


“quantification difficult. 


Because only a small amount of *H-strychnine binding in 


z spastic animals is specific, we used several methods for deter- 


mining nonspecific binding: excess glycine (10 mM) (Table 1), 
excess strychnine (100 uM), or heat inactivation (80°C for 


~ 30 min) (data not shown). We find that *H-strychnine binding 
¿is <20% of control in the spastic spinal cord, brain stem and 
‘midbrain, using any of the measures of nonspecific binding, and 


<35% of control in cortex using excess glycine to determine 


-3 = nonspecific binding; neither the excess strychnine nor the heat 


inactivation methods for determining nonspecific binding 
yielded any specific binding in cortex. 

Very different results are obtained in binding studies of the 
GABA, benzodiazepine and muscarinic acetylcholine receptors 
(Table 2). Generally, there is more specific “H-GABA binding 
in the spinal cord and brain stem of spastic compared with 





Table 1 Specific binding of *H-strychnine to the CNS of spastic and littermate 
control mice 





% Of paired 


% Specific pmol per littermate 

Region Genotype binding mg protein control 

Spinal cord + {9 68 1.26 +0.08 
spa/spa 29 0.22 + 0.06* 16+ 4* 

Brain stem +f? 87 1.79+0.11 
spa/ spa 45 0.34 +0.04* 19+ 2* 

:Midbrain + /9 60 0.60 + 0,04 
spa/ spa 28 0.086 + 0.03 1* 14+ 5* 

_ Cortex +j? 23 0.14 +0.02 
spajspa 5 0.047 +0.009* 34+ 6* 


Mice were decapitated and the brains and spinal cords rapidly dissected, 


~~ weighed, homogenized in a glass~glass homogenizer in ice-cold 200 mM KCI, 
<o §0mM NaKHPO,, pH 7.1, and centrifuged at 100,000g for 20 min. The pellet 

was then washed four times by replacing the supernatant with fresh buffer, 
` sonicating to disperse the pellet and recentrifuging. The final pellet was resuspen- 

. ded at a concentration of 5 mg (original wet wt) per ml for use in the binding 


assays. In °H-strychnine binding studies, 500 jl of tissue were added to microcen- 
trifuge tubes (Biorad) containing 500 yl of buffer and 12nM *H-strychnine. 
onspecific binding was determined in parallel incubations containing excess 
glycine (10 mM), Following a 20 min incubation at 4°C the samples were cen- 
trifuged for 10 min in an Eppendorf microcentrifuge. The supernatant was care- 
fully removed and the pellet washed twice with 1 mi of buffer. The pellet was 
solubilized overnight in 1 ml 1% SDS, 20 mM EDTA, adjusted to pH 8.5 with 
NaOH, and counted in a Triton X-100, toluene, Omnifluor liquid scintillation 
Parallel studies of °H-strychnine binding using excess strychnine 
00 iM) and heat inactivation (80°C for 30min) to determine nonspecific 
binding values were also performed (data not shown). A small amount of *H- 
rychnine was displaced from the assay tube by 100 pM strychnine. Thus, when 
‘cess strychnine was used to determine nonspecific binding, nonspecific binding 
qualled the binding in the presence of excess strychnine plus the binding displaced 























“from the tube. The *H-strychnine (19. 3 Ci mmol”) was purchased from Amer- 
=: sham. All experiments on a given sample were performed at least in triplicate 
~~ and samples were obtained from at least four pairs of animals. Specific binding 
`. equals total binding minus nonspecific binding. Per cent specific binding equals 


specific binding divided by total binding times 100. Proteins were. assayed by the 
method of Bradford”. Values are the mean-+s.e.m. and all values reported are 
significantly different from 0. Percentage values are the mean+s.e.m. of the 
Percentages derived from comparisons between littermate pairs. 

* Spastic animals differ from paired littermate control (+/?} at P=<0.05, 
Student's t-test for paired observations; two-tailed. 


. Table 2 i Specific 





binding of oH-GABA. 3H. flunitrazepam and ° ‘H- “ONB to the 
CNS of spastic and littermate control mice 
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% Of paired 


% Specific pmol per littermate 
Region Genotype binding mg protein control 
3H-GABA binding {n = 6) 
Spinal cord +/? id O,068 + 0.014 
spa/ spa 10 0.089 + 0.028 13227 
Brain stem + {9 15 0.12+0.03 
spa/ spa 20 0,164 0.02 1635434 
Midbrain +/? 39 0,3740.03, 
spa/ spa 43 0,35 + 0.04 «96410 
Cortex +79 61 0.92 + 0.04 
spa/ spa 61 0.93 + 0.08 1917 
`H-flunitrazepam binding (n = 4) 
Spinal cord +/? 74 0.45+0.03 
spa/ spa 84 0.62 + 0.03" 140+ 8* 
Brain stem +j? 87 0,85 + 0.02 
spa/ spa 90 0.99 + 0.02* 117+ 5* 
Midbrain +? 94 2.174 0.06 
spa/ spa 95 2.20+0.01 10223 
Cortex + {9 95 2.87 £0.04 
spa/spa 94 2.77 +0.12 9644 
*H-ONB binding (n = 4) 
Spinal cord + {9 71 0.92 +0.06 
spa/spa 72 0.932% 0,05 10228 
Cortex + /? 91 5.14%0.28 
spa/ spa 90) §.22+0.33 1024 





A centrifugation assay similar to that used for the strychnine binding assays 
was used for the GABA binding studies. The tissues used in the GABA binding 
assay were prepared in Tris-citrate buffer (4°C, pH 7.1) by washing four times 
followed by three freeze~thaw-wash cycles. The equivalent of 10 mg of tissue 
(original wet weight) in 1 ml was used in each tube. The *“H-GABA concentration 
was 30nM, and 1 mM GABA was used to determine nonspecific binding. A 
10 min centrifugation followed the 10 min incubation. Pellets were washed twice 
with 1 mi ice-cold Tris-citrate (pH 7.1), solubilized and counted. The binding of 
both *H-flunitrazepam and *H-ONB was investigated using a filtration assay. 
Briefly, 500 ul of the same tissue suspension used for the strychnine binding 
studies were added to 500 yl of buffer containing either *H-flunitrazepam (1 nM) 
or *H-QNB (1 nM}. Clonazepam {1 uM) or atropine (1 uM) were added to 
parallel incubations to determine nonspecific binding. Following a 1 h incubation 
(4°C flunitrazepam, 24°C QNB) the bound radioactivity was collected on a 
24 mm glass fibre filter (Whatman GF-B) and washed three times with 3 ml of 
ice-cold 200mM KCI buffered to pH 7.1 with 50 mM NaKHPO,,. The filters 
were air-dried and counted in liquid scintillation cocktail, The *H-GABA (34.3 Ci 
mmol’), ?H-flunitrazepam (86,4 Ci mmol’) and *H-QNB (29.1 Ci mmo!~’) 
were from NEN. See Table 1 legend for further details. 


control animals. However, because of the low level of specific 
3H-GABA binding (10-20%) in these two brain regions, the - 
results were relatively more variable, and the observed 
difference was not statistically significant (P > 0.05). Specific 
binding of *H-flunitrazepam is 40% greater in the spinal cord, 
and 17% greater in the brain stem of spastic compared with 
control animals (P <0.05, both regions); again there are. no 
differences in the midbrain and cortex. These increases in 
binding to the benzodiazepine binding site and potentially to 
the GABA binding site are consistent with preliminary studies 
using *H-flunitrazepam and *H-muscimol as ligands for the 
benzodiazepine and GABA binding sites”, In contrast, there 
are no significant differences in the binding of “H-QNB (quinu- 
clidiny] benzilate) in any of the regions investigated. The magni- 
tude and regional distribution of the binding of all four ligands 
in control animals are similar to published values for rodent 
braint", 

The alterations in the binding of ligands for several 
neurotransmitters in spa/spa mice is very provocative. The very 
low binding of *H-strychnine in the spa/spa CNS demonstrates 
an alteration in the receptor for glycine, the major inhibitory 
neurotransmitter in spinal cord and brain stem, and a significant 
inhibitory neurotransmitter in midbrain”. This alteration might 
be expected to decrease the efficacy of glycine-mediated inhibi- 
tion in these brain areas. On the other hand, the trend towards 



















gre: binding of °H- GABA to the GABA TEE and the 


greater binding of *H-flunitrazepam to the benzodiazepine 


binding site (which is believed to modulate the GABA recep- 


tor’®) in the spinal cord and brain stem would potentially 
increase the efficacy of inhibition mediated by GABA, the other 
inhibitory neurotransmitter in these brain areas’. It is 
ig to speculate that this alteration in the GABA- 
jazepine system represents a compensatory response to 
decrease in glycine-mediated inhibition. The ability of drugs 
‘enhance GABA-mediated inhibition to reduce the severity 
. of the behavioural’ and electromyographic® symptoms of the 
+ spastic mutant mouse is consistent with this hypothesis. The 
~~ localization of the increase in GABA and benzodiazepine bind- 
ing to the spinal cord and brain stem may result from an inability 
of the normal GABAergic tone to regulate neuronal excitability 
in these regions when their normal preponderance of glycine- 
mediated inhibition is reduced. The absence of this effect in 
the midbrain and cortex may result from the secondary role of 
glycine-mediated inhibition in these brain areas and thus the 
x- availability of sufficient GABAergic tone to control neuronal 
excitability. The lack of any difference in the binding of H-QNB 
to the muscarinic acetylcholine receptor in any of the brain 
regions tested indicates specificity in the alterations produced 
by the spastic mutation. 

Alterations in neurotransmitter receptors have been reported 
for other murine mutants, and have been attributed to morphol- 
ogical changes in the mutant animal. Both nervous and staggerer 
mice, mutants which have a reduced number of Purkinje cells 
and lack synaptic spines on Purkinje cells respectively, have 
fewer benzodiazepine binding sites in cerebellum than con- 
trols'’-’°. The opposite situation—a greater number of cerebel- 
lar benzodiazepine binding sites—has been reported for weaver 
and reeler mice, mutants having a reduced number of cerebellar 
~~ granule cells'” 20 Fewer GABA die oil have also been repor- 

ted for all these cerebellar mutants” 

Unlike the cerebellar mutants, the spastic mutant shows no 
obvious anatomical abnormalities in either nervous system or 
musculature in preliminary histological studies‘. In addition, 
the widespread distribution of binding sites for GABA, ben- 
zodiazepines and strychnine in the spinal cord, brain stem and 
midbrain’*"** makes it seem improbable that the alterations 
could result from an anatomical abnormality. These preliminary 
anatomical studies must, however, be confirmed by further, 
more detailed investigations on the morphological organization 
of the spastic CNS, and in particular of proposed glycinergic 
and GABAergic inhibitory systems in the affected areas. 

These results, together with those from electromyographic 
. studies’, indicate an alteration in the glycine system in the 
spa/spa mouse which is the probable explanation of the 
_ behavioural and electromyographic abnormalities in these mice. 

_ They also demonstrate an involvement of the benzodiazepine 

binding site, and possibly the GABA binding site, in the 
expression of the spastic mutation. The molecular basis of the 
mutation in the spastic mouse which produces these observed 
alterations in the receptors for neurotransmitters mediating 
CNS inhibition is unknown. The mutation may result in a direct 
alteration in one of the receptors, in a component directly 
associated with one of the receptors, or in some other aspect 
of one of the affected neurotransmitter systems. On the other 
hand, the observed effects may be only a few of many wide- 
spread secondary effects produced by the mutation. A more 
= complete characterization of both the glycine and GABA- 
‘benzodiazepine inhibitory systems in spa/spa, proven heterozy- 
© gous and +/+ animals will further clarify the relationship 
between these systems and the mutation, and may elucidate 
‘the nature of the mutation. The spastic mutant mouse should 
be a valuable system for future investigations on the characteris- 
tics of CNS inhibition. 

We thank Drs Marc Dichter and Tom Fox for criticism of 
the manuscript. These studies were supported by NIH grants 
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Mental Retardation Center core grant HD 06276. 
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Immunocytochemical techniques have increased our ability 
to identify neurones containing a specific neurotransmitter. 
These techniques could not, however, be applied to two major 
neurotransmitter candidates, aspartate and glutamate, until our 
recent study in which aspartate aminotransferase (L-aspar- 
tate:2-oxoglutarate aminotransferase, EC 2.6.1.1, AATase) 
was proposed as a marker’. This enzyme catalyses the reversible 
reactions of aspartate to oxaloacetate and a-ketoglutarate to 
glutamate. In the auditory nerve, which is considered to be 
aspartergic/glutamergic’*, AATase was immunocytochemi- 
cally localized in primary afferent terminals in the cochlear 
nucleus’. These results suggest a presynaptic enrichment. of 
AATase is associated with aspartergic/glutamergic neurotran- 
smitter function. We have now investigated the distribution of 
AAT-ase-like immunoreactivity in the retina where previous 


work suggests that glutamate or aspartate is the neurotransmit- _ 


ter of photoreceptors***. Our results, reported here, show _ 
AATase-like immunoreactivity localized in cones and their. 
terminals in the guinea pig retina. -y 

We used 12 female NIH strain guinea pigs, 150-250 g, in 
this study. Six guinea pigs were pretreated with colchicine: — 


10 ug in 5 pl were injected into the vitreous of the left eye .. 


24-48 h before perfusion in guinea pigs under ether anaesthesia, — 
Guinea pigs were anaesthetized with chloral hydrate (0.3 g per 
kg body weight) and perfused through the heart with 25 ml 
0.1 M sodium cacodylate buffer followed by 500 mi of fixative 
containing 4% paraformaldehyde (w/v) in 0.1 M sodium 
cacodylate buffer, pH 7.2 at 4°C. In some animals, 50 ul of 
the fixative were injected intravitreally immediately before 
vascular perfusion. Retinae from both eyes were placed in 


the same fixative for 1h on ice and then rinsed in phos- - 


phate-buffered saline (PBS) pH 7.2, with 6% (w/v) sucrose 
at 4°C for 16-48h. Ten-um cryostat sections were: 
through the central and peripheral retina and the ind 
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immunofluorescence technique of Coons'*, modified as 
described previously’, was applied using antiserum, raised in 
rabbits, to cytoplasmic AATase’. Sections were incubated for 
18h at 4°C with antiserum diluted 1:400 in PBS with 0.3% 
Triton X-100. Absorption controls were prepared by adding 
20 pg of AATase (Boehringer Mannheim) to 10 yl of antiserum 
and were used at a 1:400 dilution on adjacent sections as a 
control for specificity of staining. The second incubation was 
carried out with fluorescein-labelled swine antiserum to rabbit 
immunoglobulin (Bio-Rad) diluted 1:10, for 30 min at 37 °C. 
Sections were viewed with a Zeiss photomicroscope under 
epifiuorescent illumination. 

In the retinae of animals without colchicine pretreatment, a 
band of AATase-like immunofluorescence was seen in the outer 
plexiform layer (OPL; Fig. 1a). In absorption controls, as in 
the AATase-immunostained preparations, the inner segments 
of photoreceptors fluoresced non specifically. This was the only 
fluorescence seen in the retina on absorption control sections 
(Fig. 16). Colchicine has often been used to concentrate par- 
ticular antigens in cell bodies'® and we therefore used colchicine 
to determine the source of the band of immunoflourescence in 
the OPL. In retinae pertreated with colchicine, this band could 
more easily be resolved into individual swellings (Fig. 2c). 
AATase-like immunofluorescence also was seen in cell bodies, 
in the outer portion of the outer nuclear layer (ONL), giving 
rise to thin processes ending in large swellings in the OPL (Fig. 
2c,d). This is consistent with the morphological critera of cones 
and cone pedicles’’. 

In retinae with and without colchicine pretreatment, 
AATase-like immunoreactivity was often seen in a subpopula- 
tion of cells along the innermost margin of the inner nuclear 
layer (INL; Fig. 2a-c) and in a laminar pattern in the inner 
plexiform layer (IPL; Figs la, 2a-d). These are likely to be a 
subpopulation of amacrine cells and their fibres. 

Immunoreactive cells were also seen in the ganglion cell layer 
(GCL; Fig. 2a), though much less frequently than cells in the 
IPL. These were easiest to identify in retina prefixed 
intravitreally due to the better preservation of the ganglion 
layers. The immunoreactive cells in the GCL might be displaced 
amacrine cells or may correspond to the class of ganglion cells 
in which selective uptake of tritiated D-aspartate has been 
described", 

Several lines of evidence have suggested that aspartate 
and/or glutamate is a vertebrate photoreceptor transmitter. 
Physiological studies have shown that glutamate and aspartate 
mimic the effects of the natural photoreceptor on horizontal 
and bipolar cells*™®° and these effects can be eliminated by 
excitatory amino acid inhibitors”’’. Recently Ehinger'' has 
demonstrated uptake of D-aspartate into photoreceptors, prob- 
ably cones, in guinea pig, rabbit and pigeon. Uptake of aspartate 
and glutamate has also been shown in goldfish photoreceptors’? 





Fig. 1 Fluorescence micrographs of 10 um cryostat sections of 
guinea pig retina incubated with antiserum to AATase (a) or to 
AATase preabsorbed with AATase (b). a, Section showing a band 
of AATase-like immunofluorescence in the outer plexiform layer 
and immunofluorescent fibres in the inner plexiform layer. b, 
Absorption control section showing nonspecific fluorescence in 
inner segments of photoreceptors. OS, outer segments; IS, inner 
© segments; ONL, outer nuclear layer; OPL, outer plexiform layer; 
INL; inner nuclear layer; IPL, inner plexiform layer; GCL, 
ganglion cell layer. Scale bar, 20 um. 
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Fig. 2 Fluorescence micrographs of 10 um cryostat sections of 
guinea pig retina incubated with antiserum to AATase. a, Section 
through central retina showing AATase-like immunoreactivity in 
the outer plexiform layer and immunofluorescent cells in the inner 
nuclear layer and ganglion cell layer. b, Section through central 
retina showing a band of AATase-like immunoreactivity in the 
outer plexiform layer, immunofluorescent cells in the inner nuclear 
layer and immunofluorescent fibres in the inner plexiform layer. 
c, Section through retina pretreated with colchicine as described 
in the text. AATase-like immunoreactivity can be seen in a cone 
cell body and a cone process and terminal, and immunofluorescent 
cell bodies and fibres in the inner nuclear and inner plexiform 
layers. d, Section through non-colehicine pretreated retina show- 
ing immunofluorescent cones and cone processes. OS, outer seg- 
ments; IS, inner segments; ONL, outer nuclear layer; OPL, outer 
plexiform layer; INL, inner nuclear layer; IPL, inner plexiform 
layer; GCL, ganglion cell layer; GFL, ganglion fibre layer. Scale 
bars, 20 um. 


where both amino acids were found to be concentrated in red 
and green cones while only glutamate was concentrated in rods. 
In rabbit retina, aspartate release has been found to decrease 
in response to light as would be expected of the natural photore- 
ceptor’*. Our findings of AATase-like immunoreactivity in 
cones and cone pedicles provide further evidence that aspartate 
or glutamate is the neurotransmitter of cones. A recent study 
showing L-aspartate enhanced excitation of sustained ganglion 
cells in the cat’”*® is consistent with our finding of AATase-like 
immunoreactivity in amacrine cels and suggests aspartate or 
glutamate as a transmitter for a class of amacrine cells. Ultra- 
structural immunocytochemical studies are in progress to deter- 
mine whether AATase is enriched in rod terminals as well as 
cones and to characterize the immunoreactive cells and fibres 
in the INL and IPL. 

The present results support our hypotheses that aspartate 
aminotransferase can serve as a marker for synapses using 
aspartate or glutamate as a neurotransmitter. While it is a 
ubiquitous enzyme, aspartate aminotransferase is enriched in 
terminals of cones where it may be involved in the specialized 
role of neurotransmitter synthesis. 

We thank Drs John E. Dowling, Berndt Ehinger and Jorgen 
Fex for helpful comments and suggestions and Mary Lou Adams 
for secretarial assistance. 
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Lignans are a class of compounds with a dibenzylbutane 


skeleton’ which until recently had only been found in higher 


plants’*. The first lignans to be identified in humans and 


animals were trans- 2,3-bis (3-hydroxybenzy!)-y-butyrolactone 
-(enterolactone)** 


and 2,3-dis (3-hydroxybenzyl)butane-1,4- 


_. diol (enterodiol)**. These structures differ from those of plant 
lignans by having aromatic rings substituted only in the meta 
> position. Enterolactone and enterodiol are excreted | in the urine 

and bile, predominantly as glucuronide conjugates’, and intes- 


tinal microflora is required for their formation*’. It is not 
known, however, whether they are synthesized de novo by 
microorganisms or are formed from dietary precursors. We 
report here evidence that these mammalian lignans are formed 
by microbial action on precursor lignans which are present as 
dietary constituents of plant origin. Precursors are found in 
seeds of different species, being particularly abundant in linseed. 


_. From this source, 2,3-bis(3-methoxy-4-hydroxybenzyl)butane-_ 
. 1,4-diol (secoisolariciresinol) has been identified as a glycoside. 


Evidence for dietary precursor(s) was first obtained by chang- 


ing the diet given to adult rats from commercial pellets to a 
>; gemisynthetic diet, D7 (ref. 10), which resulted in a marked 


and rapid decrease in the excretion of mammlian lignans in 
urine (Fig. 1). When the diet was reverted to commercial pellets, 
lignans reappeared in the urine. 

The minimum concentration of lignan precursors in different 
food constituents was determined by adding the latter to the 


k semisynthetic diet and measuring the total excretion of lignans 


in urine. In decreasing order, rye, buckwheat, millet, soya, oat 


and barley gave from 6 to 2 pg of lignans in urine per g of meal 


added. Wheat bran gave about 8 wg per g, wheat and corn meal 


gave less than 1 wg per g, while linseed was by far the richest 
“source of precursor(s), giving about 800 wg per g of meal. The 











- corresponding value for linseed oil was only 17 ug per g. 


reliminary experiments to isolate the precursor(s) from bar- 
rye, wheat bran and linseed revealed that the compound(s) 


-were polar and could be extracted with 80% aqueous methanol 


d separated from fibre. After removal of salts and lipids and 
ctionation on a column of TEAP-LH-20 [OH_T, about 70% 






: of the precursor(s) in linseed was found in the phenolic fraction. 
Further separation on DEAE-Sephadex"! yielded more than 


: 80% of the precursor(s) i in the diphenolic fraction. Analytical 


TLE showed a major highly polar component. Mass spectra of 
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Fig. 1 Daily urinary excretion of enterolactone (circles) and. 
enterodiol (squares) by two adult Long Evans rats (female, body) 
weight 200 g) fed commercial pellets (Astra Ewos, Sweden) ora oc 
semisynthetic diet, D7 (ref. 10), composed of wheat starch, casein, — 


arachis oil, salts. and vitamins, Lignans were 5 Purified and measured 
by gas chromatography” 


the trimethylsilyl (TMS) ether derivative were recorded using © 
a direct probe. Peaks at m/z 451, 361 (base peak), 319, 271, 
243, 217 and 204 were indicative of a TMS ether of ahexoside’?.. = 
An intense peak at m/z 209 suggested a benzy! group sube = 
stituted with a methoxy and a trimethylsiloxy group’. This = 
interpretation was supported by the mass spectrum of the < 
perdeuterated TMS ether derivative. Hydrolysis with £g- 
glucosidase (Emulsin, Sigma) yielded a compound the TMS _ - 
ether of which had the same retention time on SE-30 (1.54 =. — 
relative to Sa-cholestane) and OV-17 and the same mass ~~ 
spectrum as the TMS ether of a reference sample of 
secoisolariciresinol. The fragmentation of the latter compound: 
has been discussed previously'*. The TLC mobilities of the _ 
non-derivatized compounds were also identical. When. the — 
reference compound (300 ug) was added to the semisynthetic. 
diet for 1 day, approximately 85 ug of lignans of the mammalian 
type, predominantly enterolactone, were excreted in the urine, 
confirming that secoisolariciresinol is the major precursor of 
enterolactone imrats given linseeds. 
Extending these studies to man, the ‘normal’ diet of adults 
was supplemented with linseeds and the urinary excretion of 
enterolactone and enterodiol measured. The response to this 
diet was analogous to that observed in rats, indicating that the 
precursor~product relationships are similar in man and rats: & 
(Fig. 2). 
Our results show that the precursor present in linseeds is a 
hexoside of 2,3-bis(2-methoxy-4-hydroxybenzyl)butane-1,4- | 
diol. The tentative structure proposed in Fig, 3 is based on the 
previous finding of a diglucoside of a lignan in linseeds’*. 
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Fig. 2 Daily urinary excretion of enterolactone (©): a r 
enterodiol (@) by two healthy adults before and after the addii 
of linseeds (10 g per day) to the normal diet over a period « of 5 























Hydrolysis 
Dehydroxylation 
Demethylation 





OH 


Fig. 3 A simplified scheme for the formation of enterodiol (II) 

and enterolactone (IH) from the dietary precursor seco- 

isolariciresinol glycoside (1). The structure of the sugar moiety is 

tentative and the exact sequence of reactions is not fully under- 
stood. 


However, further studies are required to determine the number 
and position of hexose residues and the stereochemistry of the 
compound. Other precursors may also exist in plants. Thus, 
when rats were fed the more abundant plant lignan, 
matairesinol, enterolactone was excreted in the urine. 
Conversion of secoisolariciresinol glycoside to enterodiol 
requires reactions depicted in Fig. 3. This type of reaction can 
be carried out by microbial enzymes'*’*. Extensive formation 
of enterolactone from enterodiol was demonstrated by feeding 
50 ag of the latter’’ to rats in a semisynthetic diet. Enterolac- 
tone was not detected when enterodiol was administered orally 
to germ-free rats, or injected intraperitoneally to bile fistula 
rats. This indicates that enterolactone can be formed from 
enterodiol by microbial action. 

Lignans have been extensively investigated for their potential 

anticancer activity, and several have been used as 
chemotherapeutic agents’'*. It is therefore of interest that 
several common foodstuffs contain lignans. The compounds 
usually exist in optically pure form; however, enterolactone in 
human urine is racemic**. Whether this is due to its formation 
from precursors of different origin or to isomerization by 
_ exchange of a hydrogen vicinal to the carbonyl group of the 
<: lactone is unknown. The rate of formation of enterolactone 
and enterodiol is conceivably influenced by the composition of 
the microflora, the intestinal transit time and the redox level 
in the large intestine. Progesterone decreases intestinal motil- 
ity”, and this might explain the finding that the excretion of 
“lignans in urine varies during the menstrual cycle*®?°"". 
-. We thank Ms B. Mörk, Mr M. Corrie and Ms E. Conway 
for technical assistance. Professors T. Norin and D. N., Kirk 
provided. samples of matairesinol, which was reduced to 
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The pericellular glycoprotein fibronectin, which has been local- 
ized in the pericellular matrix and at the adhesion sites of 
cells’, has been considered to be important in cell attachment 
to other cells and to surfaces'*. Using the ionophore monensin, ` 
which blocks the secretion of endogenous fibronectin’’’, we 
have now shown that human fibroblasts do not require 
endogenous or exogenous fibronectin for adhesion and spread- 
ing, although its absence does prevent formation of the 
microfilament—vinculin system and the focal adhesion sites. 
The indirect immunofluorescence (IIF) technique was used 
to stain for the presence of fibronectin. Figure 1 shows that 
trypsinized human embryonal fibroblasts, which adhere to and 
spread on plastic Petri dishes after plating, develop a typically 
fuzzy fibronectin-containing plaque after 5h (Fig. la,6) anda 
fibrillar extracellular network of fibronectin after 24 hin culture 
(Fig. lc, d). No cell-surface-associated fibronectin could be 
detected on monensin-treated cells (Fig. le,g) which did, 
however, adhere and spread in the same way as control cells 
(Fig. 1f, 4). Monensin-treated cells do stain for fibronectin in 
their cytoplasm (Fig. 1/), and treatment with the protein syn- 
thesis inhibitor puromycin, which causes the cytoplasmic stain- 
ing of control cells to disappear (Fig. 2e), results in an accumula- 
tion of fibronectin in the Golgi apparatus (Fig.2/). l 
The blockage of fibronectin secretion by monensin is further 
illustrated in Fig. 3, which shows the lack of a polypeptide of 
molecular weight (M,) 220,000 (220 K) which | corresponds to 
fibronectin, and is the major product in *°S-methionine- 
labelled control cells, in monensin-treated cells. As shown in 
Fig. 36, surface labelling of control cells, using the galactose 


oxidase/sodium borohydride technique'*, also shows up a 
y q 


220K polypeptide as a major glycoprotein, lacking in 
monensin-exposed cells, After 24h in normal medium, 
monensin-treated cells recovered the characteristics of normal 
cells. The surface labelling results also draw attention to the 
role of cell membrane proteins in cell adhesion and spreading. 

Interestingly, recent studies have Suggested distinct cell-surface 
glycoproteins "$ to be important in cell adhesion. A cell- 
surface glycoprotein of M; 140 K could also be shown in this 
study to be a major cell-surface glycoprotein in cells plated and 
allowed to spread in the presence of monensin (Fig. 3b, asterisk). 

We have previously shown” that the 140 K glycoprotein i is the 
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Fig. 1 Cultured human fibroblasts were plated after trypsinization in 
RPMI 1640 medium supplemented with 10% fetal calf serum and antibio- 
tics. Five hours after plating a fuzzy fibrillar fibronectin-specific staining is 
seen by the indirect immunofluorescence (IIF) technique on the ventral 
surface of the cells when focused to the growth substratum level (a, b). 
After 24 h in culture, a typical fibrillar matrix is seen in the cultures with 
amti-fibronectin antibodies (c, d). In spread cells, fibronectin-specific stain- 
ing is mainly confined to the upper surface of the cells. Similar staining 
patterns were obtained when the cells were plated in the absence of serum. 
When plated in the presence of monensin (Lilly; 1 uM) the cells adhered 
and spread as well as control cells (compare with f, A). No fibronectin- 
specific fluorescence was seen in these cells in surface staining either after 
the first 5h on plating (e) or in fully spread cells (g). In adhering cells 
treated with 0.5% Triton X-100*°* at 6h of spreading, a typical fuzzy 
fibrillar fibronectin-specific fluorescende is seen beneath the control cells, 
with some diffuse staining in the cytoplasmic domain (/) whereas the cells allowed to spread in the presence of monensin only show the remnant cytoplasmic staining 
following Triton treatment (j). In j the cell margins are indicated by arrowheads. For surface staining, unfixed cells were exposed to the first antibody washed in 
phosphate-buffered saline, fixed in 3.5% paraformaldehyde and then exposed to the second antibody, fluorescein isothiocyanate (FITC}-coupled goat anti-rabbit 
IgG (Cappel). Rabbit antifibronectin antibodies were obtained from Cappel. a, b, e, f, i, j: X800; c, d, g, h: x400 








Fig. 2 In control cells fixed in 3.5% paraformaldehyde and permeabilized with 0.1% NP40, a cytoplasmic granular perinuclear staining is seen (a). In 
double-staining with TRITC-wheat germ agglutinin (WGA, Vector Laboratories), used here as a marker for the Golgi apparatus*”, a distinctly different reticular 
juxtanuclear staining was seen (b). Note that no apparent labelling of the Golgi region is seen in a. When the cells were exposed to monensin (1 aM) for 1 h, a 
diffuse cytoplasmic but also a pronounced reticular juxtanuclear fibronectin-specific staining was seen (c). The reticular staining (arrows in c, d) coincided with that 
obtained with TRITC-WGA (d), marking the Golgi apparatus. After exposure to puromycin (2 ug ml’) for 2 h, no cytoplasmic fluorescence could be detected 
in control cells (e) whereas cells first exposed to monensin (1 uM, 1 h) still showed a bright juxtanuclear fibronectin-specific fluorescence after puromycin treatment 
(f). Cells cultured in the presence of monensin for 24 h, on the other hand, showed a granular cytoplasmic accumulation of fibronectin in IIF but no fibrillar 
matrix-type fibronectin (g, A, cells plated in the presence of monensin). x800. 
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only surface membrane glycoprotein present in detergent-resis- 
tant cytoskeletons of human fibroblasts still anchored to the 
culture substratum. 

With the IIF technique using anti-actin (Fig. 4a) and anti- 
vinculin (Fig. 46) antibodies control cells showed the typical 
organization of stress fibres and vinculin plaques. Interference 
reflection microscopy revealed ‘black’ arrays of focal adhesions 
in control cells (Fig. 5a). In contrast to control cells, IIF of 
cells plated in the presence of monensin showed only a diffuse 
actin- and vinculin-specific staining (Fig. 4c, d). They displayed, 
however, typical fibrillar arrays of both vimentin-type inter- 
mediate filaments and microtubules (Fig. 4e, f). Monensin- 
exposed cells did not exhibit focal adhesion sites in interference 
reflection microscopy but instead showed large grey-coloured 
areas representing sites of close adhesion (Fig. 5d), However, 
cells first spread in normal medium and then exposed to 
monensin showed normal arrays of both microfilament bundles 
(Fig. 4g, h) and vinculin plaques. A mouse fibroblastoid cell 
line (3T3), which is known to require exogenous fibronectin 
for both adhesion and spreading’, spread on exposure to 
monensin only if serum was present, but did not develop stress 
fibres of vinculin plaques (data not shown). 

Focal adhesions are specialized cell-surface areas of cell-to- 
substratum adhesion of cultured cells’ and emerge concom- 
itantly with the formation of bundles of microfilaments'*’” 
during cell spreading. Both the vinculin plaques*'** and the 
focal contacts'”**** have been reported to be in close apposition 
to pericellular fibronectin, and isolated focal adhesions have 
been reported to contain both actin and fibronectin’’. During 
cell spreading, fibronectin seeks to co-align closely with 
microfilaments***°. Transformed cells, lacking cell-surface- 
associated fibronectin*’, also lack bundles of microfila- 
ments**”’, but normal arrays of microfilaments are restored on 
addition of cell-derived fibronectin®®. However, recent 
results’ °" have indicated that fibronectin might be absent or 
even actively removed from focal adhesions. Based on such an 
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Fig. 3 a, Electrophoretic analysis of secreted polypeptides in the culture 
medium of control cells labelled with w-*°S-methionine for 24h 
(1,000 Cimmol~'; 10 wCiml~'; Radiochemical Centre) showed several 
polypeptides both after 5 h and 24 h of plating (lanes 1, 2) whereas cultures 
plated in the presence of monensin and cultured for 24 h did not contain 
any secreted proteins (lane 3). A prominent 220 K gelatin-binding polypep- 
tide, corresponding to fibronectin’', was seen in the medium of both 
spreading (5h, lane 4) and wholly spread control cultures (24 h, lane 5), 
but not in cultures plated in the presence of monensin (24h, lane 6). b, 
Surface labelling experiments using the neuraminidase/galactose oxi- 
dase/sodium borohydride method’? showed a distinct polypeptide with M, 
220 K and several polypeptides of lower molecular weight in control cultures 
© (lane 1). Instead, cells exposed to monensin during plating lacked the 220 K 
glycoprotein but showed a prominent 140 K glycoprotein (asterisk in lane 
2) together with some other polypeptides (lane 2). 
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observation, Chen and Singer” recently proposed two different 
molecular mechanisms for microfilament—cell membrane inter- 
action in cultured cells, involving fibronectin differently in 
cytoskeletal organization and adhesive functions of cultured 
cells. 

Our results with monensin-exposed cells suggest that 
fibronectin is not needed for fibroblast adhesion to and spread- 
ing on culture substrata. On the other hand, endogenous 
fibronectin seems to be required for the development of focal 





Fig. 4 Control human embryonal fibroblasts showed a stress fibre-type of 
actin organization in IIF with anti-actin antibodies’’ both when plated with 
(a) or without serum. Typical plaques of vinculin were also seen in these 
cells in IIF (6). Vinculin was isolated from chicken gizzard according to 


4) 


Feramisco and Burridge”’. Antibodies were raised in rabbits and purified 
on antigen coupled to Sepharose 4B. Cells exposed to monensin on subculti- 
vation showed only a diffuse actin-specific (c) or vinculin-specific (d) fluore- 
scene in HF. Such cells showed, however, typical arrays of both intermediate 
filaments (e), as shown with anti-vimentin antibodies*’, and microtubules 
(f), as revealed with anti-tubulin antibodies'’. When spread cells were 
exposed to monensin (1 uM, 24h), normal arrays of both microfilaments 
(g), phase-dense stress fibres (4) and vinculin plaques were still seen. For 
cytoskeletal antibodies the cells were fixed in —20°C methanol for 5 min 
and stained for IIF as in Fig. 1. x 500. 
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Fig. 5 Interference reflection microscopy'’ of control human fibroblasts 

(a) and of cells exposed to monensin on subcultivation (6). Note the black 

areas of focal adhesion (arrows in a) and extensive grey areas of close 
adhesion in monensin exposed cells (b). x900. 


adhesion sites, bundles of microfilaments and plaques of vin- 
culin. This sequence of events corresponds to recent observa- 
tions distinguishing a cell-independent and a cell-dependent 
phase in cell-to-substratum adhesion'***-**, We suggest that a 
prerequisite for cells to enter into the cell-dependent phase of 
spreading is the deposition of endogenous pericellular fibronec- 
tin and subsequent formation of focal adhesion sites and the 
microfilament—vinculin system which, in turn, are needed to 
maintain an isometric contraction in cells*®. 

Interestingly, human embryonal fibroblasts which were 
allowed to spread in the presence of monensin, could not 
acquire the matrix-type of fibronectin even from the culture 
medium*’. This might be due to the lack of receptors for 
exogenous fibronectin in monensin-treated cells, as trypsinized 
cells are also apparently unable to retain exogenously added 
fibronectin*®. A recent study by Atherton and Hynes” using 
monoclonal antibodies has revealed differences in plasma and 
cellular fibronectins which may be of importance in their 
apparently different roles in cell adhesion, as suggested by our 
results. 
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Evidence for contractile flexing of 
the gliding bacterium Flexibacter FS-1 


Robert P. Burchard 


Department of Biological Sciences, University of Maryland, 
Baltimore County, Catonsville, Maryland 21228, USA 





Flexing movements have been described in a variety of gliding 
bacteria and cyanobacteria (blue-green algae)'~’. Flexing of 
trichomes (chains of cells) of the genera Oscillatoria and Beg- 
giatoa was attributed” to a “certain degree of elasticity”; it was 
concluded that there is no spontaneous flexibility. In contrast, 
observations of active flexing of free ends of otherwise immobil- 
ized Oscillatoria trichomes suggested’ that active contractions 
are involved. It has been proposed that flexing and gliding 
motility are powered by the same mechanism’’. No organelles 
have been demonstrated irrefutably to be responsible for these 
movements, although several mechanistic hypotheses have been 
proposed", I demonstrate here that flexing movements by the 
bacterium Flexibacter FS-1 require no more than one point of 
attachment by the cell to its substratum, which suggests that 
flexing may result from a unilateral, longitudinal contraction. 
As the same motility mechanism is thought to operate for both 
flexing and gliding, the latter may be powered by a contractile 
apparatus, at least in this species. 

I and others‘ have observed that flexing, like gliding, requires 
contact with a surface, such as another cell, a glass slide or an 
agar gel; in suspension such cells do not move actively. Gliding 
motility itself could account for flexing: for example, if the two 
polar regions of a cell or chain of cells were attached to a 
surface and were gliding in an uncoordinated fashion so as to 
be moving towards one another, the central portion of the 
cell(s) would, if not firmly attached to the surface, bow outwards 
and thus appear to flex. Reversal of the flexion could be 
explained by reversal of the direction of gliding at both ends. 
Uncoordinated gliding has been described in trichomes of the 
cyanobacterium Oscillatoria ™™". 

I have investigated this phenomenon by using a simple experi- 
mental design. Flexibacter FS-1, which grows as long filaments 
with widely spaced septa®'*, was cultured in YE/2 medium” at 
ambient temperature or at 30°C with little or no agitatione 
Cultures at absorbance (As49)=0.1, containing filaments 
=200 um long (capable of active flexing in a wet mount 
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Fig.1 Flexing Flexibacter FS-1 filaments attached to a glass wool 
fibre. Flexion points are indicated by arrows. Scale bar, 10 pm. 


preparation), were diluted in YE/2 to ~10* filaments ml‘ and 
loaded into a 1 cm deep chamber mounted on a glass slide. A 
small tuft of glass wool fibres was submerged in the suspension. 
The chamber was then covered with a coverslip, and vacuum 
grease used to prevent leakage. The chamber was inverted and 
mounted on the stage of an inverted, phase-contrast microscope 
equipped with a x10 Zeiss achromat objective (5 mm working 
distance). It was thus possible to observe individual filaments 
which readily but reversibly attached at or near one pole (or by 
their lateral surfaces) to a glass wool fibre and made no contact 
with any other surface. 

Some of these multicellular filaments were observed to flex 
and relax repeatedly (Figs 1, 2). Flexing assumed various forms, 
including localized bending and undulating of the filaments. 
Flexions could be observed to move along a filament towards 
the unattached end. This end sometimes abruptly flexed so as 


to form a distinct hook and then very rapidly straightened out, 
as though the hook were spring-loaded or under some tension. 
As soon as the filaments detached from the glass wool, flexing 
ceased. The movements observed were active, as addition of 
dinitrophenol (5 x 10° M final concentration) inhibited flexing, 
although attachment appeared to have been unaffected. This 
agent also inhibited flexing in wet mounts and is known to 
inhibit gliding motility of Flexibacter and other gliding bac- 
teria’’. 

To ensure further that the observed flexing is an active process 
rather than one resulting from turbulence in the chamber, I 
examined the behaviour of strain Ng 7, a UV induced, non- 
gliding mutant of FS-1. The filaments (=40 um long) of this 
mutant also attached to the glass wool fibres but did not flex 
in the conditions used nor in wet mounts. 

This active flexing by multicellular filaments attached via one 
pole can most readily be explained by a contractile mechanism 
which is longitudinally arrayed and unilateral. Similarly, 
flexional and swinging movements by the free ends of aggre- 
gated Oscillatoria trichomes™'* may also result from contrac- 
tions. If gliding motility and flexing are indeed powered by the 
same mechanism, then gliding presumably also involves a con- 
tractile mechanism in Flexibacter FS-1. 

Other theories to account for gliding motility have been 
proposed. The rotary assembly model’® is attractive as it pro- 
vides a unified theory of prokaryotic motility; both flagel- 
lated'’''* and gliding bacteria would be driven by rotary motors. 
However, it is not clear how the spinning of rotary assemblies 
could explain the flexing movements described here, especially 
as flexing was observed in filaments with one end wrapped 
around a glass wool fibril and in those attached by one point 
on their lateral surface (Fig. 3). Similarly, ‘make and break’ 
interactions within the envelope’”, the elaboration of surfactant 
gradients*”*’, directed production of extracellular slime**, and _ 
an electrokinetic mechanism™ cannot account for the observed 
flexing. 

Contractions have been described in a mycoplasma which 
also demonstrates a form of surface translocation called 
gliding”. However, I am unaware of any previous definitive 
reports of contractile phenomena among enveloped pro- 
karyotes. 





Fig. 2 A Flexibacter filament before and during a flexion (arrow), Scale bar, 10 um. 


Fig. 3 A flexing Flexibacter 

filament attached to a glass wool 

fibril along its lateral surface, Scale 
bar, 10 pm. 





































































"bacterium have been unsuccessful (R.P.B. and S. Mockrin, 
unpublished results). Organelles proposed to have contractile 
OF bending properties and to be mechanistically involved in 
| e been described in Myxococcus” and in Oscil- 
contractile mechanism may, in fact, account for all 
orms of movement demonstrated by gliding bacteria” 
zling question which arises from these observations is 
any point of attachment to a substratum should be required 
flexing if this movement results from a contractile event. It 
ay be that contact of the cell envelope with a surface is 
<- required to initiate such contractions. 

~~“ T thank Sandra Rollins and James Dicke for technical assist- 
ance. This work was supported by NSF grant PCM-801150. 
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X-ray scattering by myosin S-1: 
implications for the 
steric blocking model of muscle control 
Robert Mendelson 
Department of Biochemistry and Biophysics, and Cardiovascular 


> Research Institute, University of California, San Francisco, 
“California 94143, USA 





; Steric blocking and unblocking’~ of the myosin interaction sites 


in muscle thin filaments by tropomyosin provides a simple yet 


elegant method of regulating contraction in skeletal muscle. 
Recently, this model was challenged* by the finding that 
tropomyosin i is located on the opposite side of the thin filament 


helix axis from where Moore et al. reported that the myosin — 
cross-bridge, S-1, bound’. ‘However, new three-dimensional _ 
__ image reconstructions of electron micrographs of thin filaments | 
decorated with S-1 were obtained by Taylor and Amos‘, who — 
_ proposed that the prior assignment of the S-1 binding site of | 
Moore et al.* was incorrect, and that consequently tropomyosin | 


and S-1 are located on the same side of the actin helix. These 
past difficulties and the current lack of agreement’ on the 

location of the S-1 binding site suggested that another technique 
» would be useful. We report here that the shape of S-1, derived 
; m reconstructions using the Taylor and Amos actomyosin 
- interpretation, gives a better fit to the X-ray scattering pattern 
- Observed from S-1 in solution than alternative interpretations. 
ee ‘The two assignments of S-1 position in the three-dimensional 
: reconstructions are illustrated in Fig. 1. The original assignment 













. by Moore et al. was based on the supposition that a radial 
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Taylor and Amos found additional mass near the helix axis _ 


_ light chain’. Previously reported scattering data were from S-1 $ 


ere is no known structural basis for contractility in 
xibacter.. Attempts to isolate eukaryotic;like actin from this 


Fig.1 A projected view (from the three-dimensional reconstruc- °° 
tions of ref. 5) looking down the thin filament axis towards the 
Z-line with the S-i position drawn according to the interpretation 
of: a, Taylor and Amos, and b, Moore et al. In the steric blocking 
model the tropomyosin (shaded in a) is thought to unblock the 
§-1 attachment site as the amount of Ca** binding to troponin 
(located at every seventh actin monomer) increases. The position. > 
of tropomyosin shown is approximately that given by ref. 4 for 

the rigor or activated state. If the interpretation of Taylor and 
Amos is correct, the S-1 binding site is nearer tropomyosin, and 
the shape of S-1 is more compact than in the Moore et al. 
interpretation. The structure of Moore et al. is similar to that 
shown, except that a significant amount of the mass labelled A. is 

missing at low radii. 


expansion of the acto-S-1 helix had occurred, as had been found L : 
in some isolated F-actin reconstructions. Using minimal dose - 
electron microscopy with improved specimen ‘preparation, : 


which they assigned to actin. They argued that the filaments of 
Moore et al. had not expanded radially and the mass previously 
assigned to actin was actually part of S-1. Although their | 
assignment agrees well with the known mean radius of actin, _ 
the Moore et al. interpretation is difficult to refute with certainty 
because of the inherent ambiguity in defining a boundary 
between two complexed molecules whose individual structures 
are not highly determined. As the S-1 derived from the two. 
proposed locations of the S-1 binding sites have very different 
shapes, we tested these contrasting models by X-ray scattering 
from isolated S-1 in solution. aa 

Previous X-ray scattering results’ showed that S-1 shapes i 
derived from three-dimensional helical electron micrograph 
reconstructions were capable of giving a better fit to scattering. — 
data than many simple models that might resemble S-1. Recent | 
high resolution reconstructions, in addition to raising the ques-  - 
tion of S-1 position, suggest that the shape of S-1 is significantly 
altered by. the presence of the 18,000 molecular weight (My 


that contained only a fraction of the 18,000-M, light chain. 
Thus, scattering data were accumulated on S-1 both with and 
without this light chain. The fractional change in the radius of- 
gyration (R,) was 0.01+0.005 for S-1 with and without. the 
light chain (five double preparations'*"’, seven trials), and the ` 
scattering patterns (Fig. 2) and chord distributions were almost 
identical, indicating that the 18,000-M, light chain is not a- 
significant determinant of S-1 shape. Thus, the present results. 
validate the results of previous modelling studies? for S-1s that. 
have varying amounts of light chain. 5 
If the addition of light chain causes an isotropic increase in- 
size, it would be expected that AR,/R,= 1/3 (AM,/M,) = 0.05,- 
when using the molecular weights of Margossian et al.. Thus,- 
S-1 with 18,000-M, light chain is slightly more symmetrical 
than S-1 without it. The disagreement of the present result wi 
those computed from reconstructions of decoration of acti 
scallop S-1 (AR,/R, = 0.15)’ may be only apparent; our: udies 
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> Fig. 2- a, Typical scattering patterns from S-1. with (@) and 
without (©) the 18,000-M, light chain. Rabbit S-1 with this light 
_ chain was prepared and purified as described in ref. 10 except ` 
that the §-1 yield was kept below 20% so as to minimize heavy 
chain degradation. $-1 without the light chain was prepared as in 
ref. 11 except that purification was by S-200 gel filtration, which 
did not separate S-1 isoenzymes. The buffer contained 150 mM 
KCl, 20mM _ trifhydroxymethyl]methylaminoethane’ sulphonic 
acid; 0.1 mM NaN;; 1 mM dithiothreitol, pH 7 at T = 4°C; [8-1] = 
7 mg mi™*, b, A Guinier plot from the lowest angle portion. of the 
scattering curve, where I is the scattering intensity, and 20 is the 
scattering angle. Guinier plots and chord distributions appeared 
virtually identical with and without light chain. Data were accumu- 
lated from s.= 1/38 nm™* to about s=1/2.5 nm! (where s= 
2 sin 6/A) using a Kratky camera with a position-sensitive propor- 
tional counter. The sample-to-registration-plane distance was 
214mm. The range of S-1 concentrations was 7-32 mg ml‘. 
mr = milliradians. 





were performed on rabbit skeletal S-1, which shows a less 
barbed structure than scallop S-1 in acto-S-1 micrographs”. 
In addition, the R, and chord distribution (not shown) of scallop 
-= S-1 without 18,000-M, light chain were in good agreement with 
‘the data; thus, an intact, flexible, light chain could be oriented 

most frequently along the surface of the S-1 heavy chain to 


R 
Author and S-1 position (nm) 
Moore et al. (x, y, z) 
Moore et.al. S-1 3.83 
Taylor & Amos S-i 3.38 
` «i Taylor. & Amos (x, y) 
Moore etal. S-1 3.93 
> Taylor & Amos S-1 3.18 
-Wakabayashi & Toyoshima (x, y) 
- Moore etal. S-1 3.51 
-Taylor & Amos 8-1 3.14 
© Wakabayashi. & Toyoshima (x, y, z) 
~ Moore etal. §-1 3.49 
Taylor & Amos S-1 3.21 
~. Experimental} 
No LC2 (M; = 110 K) 3.27 (0.1) 
Part LC2 (M,= 122 K} 3.28 (0.06) 
Full LC2 (M, = 130 K) 3.3 (0.13 


[polr D- pAr 
{5 polr, DP 


` Where polr) is the observed and p,{r) is the calculated chord distribution function. 
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ucture in solution, while the 
py: stain could ‘cause it to be visualized only ` 


we in an extended orientation which would make the overall struc- 


ture appear more elongate. 

Comparison of the S-1 shapes derived from the two different 
interpretations is shown in Table 1 and Fig. 3. The radius of | 
gyration (R,), which is derived from the lowest resolution por- > 
tion (smallest angle) of the scattering curve, most directly 
reflects the overall shape of the protein. As shown in Table 1, 
the R,’s showed a consistent preference for the Taylor and 
Amos. interpretation in the micrographs of both Moore et al. 
and Taylor and Amos. The interpretations of the Wakabayashi 
and Toyoshima’ reconstruction in terms of the two. afore- 
mentioned S-1 positions are not fully consistent with the 
findings of other workers; their assignment of the Moore et al. 


actin position has a lower radius than that of their Taylor and 
Amos actin position. Further, their proposed actin structure, 


in both interpretations, has a smaller volume, relative to S-1, 
than actin in the reconstruction of Taylor and Amos. However, 
even this study favours a Taylor and Amos type of S-1 binding 


position. The mean and the maximum chord can be extracted , 
from the chord distributions‘ and directly compared with these 


parameters from the reconstructions. As the mean chord (and 
R,) is an average that depends on the entire structure of the 
molecule, it is a better parameter for experimental comparison 
than the maximum chord. The mean chord and relative good- 
ness of fit factors to the chord distributions obtained in this 
study also favour the Taylor and Amos interpretation, although 
the maximum chord was inconclusive. 

The choice of different micrograph contour levels had little 
effect on the overall shape of S-1; the difference in R, using 
two plausible extreme contours of the model in ref. 5 (provided 
by K. Taylor) was only 0.05 nm when the contours were scaled 
to give the correct S-1 volume. In the previous X-ray scattering 
study", a good fit was obtained using a different reconstruction ` 
(J. Seymour and E. J. O’Brien, unpublished). Although the 
actin and tropomyosin were not fully resolved from S-1 in this 
reconstruction, their subtraction was consistent with that of 
Taylor and Amos (J. Seymour, personal communication). 
Indeed, alignment of this reconstruction with that of Taylor 
and Amos indicated that the shape and location of S-1 were 
very similar to those of Taylor and Amos. The results of X-ray 
scattering by S-1 in solution substantiate the shape of S-1 
derived when it is attached to actin in the manner proposed by 
Taylor and Amos rather than in the position of Moore et al. 
Although we cannot formally exclude the possibility that the 





Table 1 Structural parameters of S-1 from electron microscopy and X-ray scattering 





Mean chord Max chord 

(nm) * {nm} RiMoore)/R(Taylor)* 
4.80 15.1 il 
4.35 12.8 
4.97 13.5 7 
4.06 12.8 
4.46 i2.8 
4.07 11.5 1.3 
4.43 12.5 
4.14 11.0 1.5 

4.25 (0.15) 12 (1) 

4.25 (0.15) 12 (1) 

4.25 (0.15) 12 (1) 


ee Te Te ee ge oy ee, fee er MR ee ee ee 
Letters in parentheses denote the method of scaling suggested by each author. Wakabayashi and Toyoshima’s maps were also scaled on x, y, z to illustrate the 
effect of a different scaling method on the parameters. K, molecular weight 1,000. 


+ All maps are to be compared with ‘no LC2’ except those of Moore et al., which is to be compared with ‘part LC2’. Any error in the findings that true molecular 


5 _ weight scales with LC2 content will improve the agreement with the Taylor and Amos interpretation. 
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Fig. 3 A comparison of the S-1 experimental (@) chord distribution with the predictions from electron microscopy using the Taylor and — 
Amos interpretation (solid lines) and the Moore et al. interpretation (dashed lines). The electron density maps were from: a, Moore etal; ooo) 
b, Taylor and Amos; c, Wakabayashi and Toyoshima. The maps were furnished with the actin-S-1 interfaces delimited by their authors 


except in the case of the Moore et al. map, where the interface was delimited by L. Amos. The maps were scaled to the correct volume. : 
This was done by scaling each x and y coordinate or each x, y and z (helix axis) coordinate as recommended by the author. Typically, the 
scaling changed these dimensions by only 10-20%. Tests showed that the method of scaling had only a small effect on the predicted chord > 
distributions and on the overall molecular shape (see Table 1), Chord distributions were obtained by Fourier transforming the experimental: 
| and model scattering curves using the method of Glatter'*, Beer 





; š S-1 solution could have a shape similar to that found by Taylor 


and Amos and yet makes a conformational change to the shape _ 


described by Moore on binding to actin’, such a large change 
seems improbable because the accompanying R, change would 
be of an unprecendented magnitude. Thus, the present results 
are consistent with the notion that regulation of muscle contrac- 
tion occurs by the steric blocking of the actin—S-1 interaction. 
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_. Insulin forms a complex with its receptors on the plasma 
membrane of cells and initiates a series of biochemical events 
which lead to the hormone’s recognized effects’”. The exact 
mechanism that initiates these events is unknown. We pre- 
viously reported that insulin stimulates the phosphorylation of 
the 95,000 molecular weight (M,) (8) subunit of its own 
receptor in intact cells and proposed that this phosphorylation 
reaction could be a very early step in insulin action’. To clarify 
the molecular basis of this reaction, we have now investigated 
the phosphorylation of insulin receptor in a cell-free system. 
Using [y-**P]ATP in solubilized and partially purified receptor 

_ preparations from rat liver plasma membrane, we find that both 

_ the a and B subunits of the insulin receptor are phosphorylated. 

_ Furthermore, insulin stimulates the incorporation of **P into 

both receptor subunits in a specific and dose-dependent man- 

her. Phosphoamino acid determination of the 8 subunit after 

-insulin stimulation reveals only phosphotyrosine. These findings 

_ Suggest that the elements required for phosphorylation are 

associated with the plasma membrane of the cell and that 










_ -residues can be activated in a solubilized preparation. 
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‘specific phosphorylation of the insulin receptor on tyrosine 
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Rat liver plasma membranes were prepared by the procedure. 
of Neville* and phosphorylation studied using [y-*P]ATP as a 
described in Fig. 1 legend. Insulin receptors in this rat liver 
membrane fraction and solubilized insulin receptors prepared. 
from these membranes have been well characterized**. Further, = 
as previously shown lectin chromatography allows a 20-fold 
purification with nearly 100% recovery of insulin receptors as 
determined by ***I-insulin binding’. The insulin receptor sub- 
units were identified by immunoprecipitation with antibodies 
against insulin receptor followed by SDS-polyacrylamide gel 
electrophoresis (SDS-PAGE) and autoradiography’. | 

When the immunoprecipitates were analysed in SDS-PAGE 
in reducing conditions (100mM dithiothreitol; DTT), one 
major band of M, 95,000 and a minor band of M, 135,000 were. _ 
specifically phosphorylated in basal state (Fig. 1A, lane 6). — 
These 135,000- and 95,000-M, phosphoproteins have been 
tentatively identified as the a and £ subunits of insulin receptor, 
respectively, by their immunoprecipitation by anti-receptor 
antibody and by the fact that they migrate in the same position — 
in SDS-PAGE as a and £ subunits of insulin receptor labelled 
either biosynthetically or externally**. After incubation of the 
solubilized fraction with insulin (10°~° M), the incorporation of 
**P into these two proteins was increased approximately fivefold — 
as determined by scanning densitometry (Fig. 1A, lane d). A ` 
phosphoprotein band corresponding to M, ~ 50,000 is also. 
observed; this may represent phosphorylation of the heavy — 
chain of IgG. p 

In the native insulin receptor, the receptor subunits are 7 
thought to be linked by disulphide bonds to form high molecular ~ 
weight oligomers”'’. When the same samples were analysed 
without reduction of disulphide bonds, five bands were observed —. 
(Fig. 1B, lane b). Two bands had molecular weights higher than. 
300,000. In addition, there were phosphoproteins of 
M,s 240,000, 130,000 and 90,000 in basal state (Fig. 1B, lane 
b); these bands are identical to those found when the recept 
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“Fig. 1 Autoradiogram showing- the — 
incorporation of the YP from [y- 
PIATP into solubilized insulin receptor 
from rat liver plasma membrane. Rat fiver 
plasma membranes were prepared by the 
procedure of Neville“. Protease inhibitors 
(2mM phenylmethylsulphony! fluoride; 
1,000 trypsin inhibitor units per mi 
aprotinin) were added throughout the 
- purification beginning with the first step 
of homogenization. The plasma mem- 
brane fraction was solubilized by 1% (v/v) 
Triton X-100 in 50 mM HEPES buffer, 
pH7.6, containing protease inhibitors. 
The insulin receptors were further 
enriched by chromatography on a wheat 
germ agglutinin-agarose column’ after 
elution by 0.3 N M-acetyl glucosamine in 
50mM HEPES buffer, pH 7.6, contain- 
ing 0.1% (v/v) Triton X-100. Aliquots of 
these eluted fractions (150-300 pg per 
= tube) were incubated with or without 
insulin (107° M) overnight at 4°C. A 1-h 
- incubation with insulin at room tem- 
perature was also used. Essentially the 
same result was obtained in the two 
different incubation conditions. The 
aliquots were then assayed for the incor- 
poration of ?P from [y-**PJATP at 4°C 
in a final volume of 1,350 pi. For the 
experiment shown, the reaction mixture 
contained 6mM MaeCl, 2mM 
MniCH,COO),, SpM [y-"PJATP 
{~30 pCi nmol’) in 30mM HEPES 
buffer, pH7.6. Similar results were m 

obtained with 20 mM MgCl, and 1 mM P cad 
MnCl, in a 100mM HEPES buffer, 

pH 7.4. Assays were initiated by the addition of ATP. After 10 min incubat 
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ion, NaF, sodium pyrophosphate, EDTA, ATP and Triton were added to get final 
concentration of 50, 10, 5 and 5mM and 0.1% (v/v) respectively. The insulin receptor was quantitatively immunoprecipitated by serum containing antibody 


(+) 


against insulin receptor (serum B-2, 1: 200 dilution) or normal control serum®. After 2.5 h at 4°C, 200 gl of Protein A (Pansorbin; 10% w/v) were added and 


the incubation continued for 1h at 4°C. The precipitates were then collected by centrifugation at 10,000g for 5 min at 4°C and washed twice with 1% Triton 


and 0.1% SDS*. Immunoprecipitates were solubilized by boiling for 3 min in 2 
(DTT). The labelled components were separated electrophoretica 
After electrophoresis, the slab gels were stained, destained, dried and autor 
calculated by using as standards (M,}: filamin (250,000), myosin (200,000), 8 
and ovalbumin (43,000). 









































<- js labelled by *°S-methionine or *H-sugars and analysed without 
= reduction". Using two-dimensional (non-reducing/reducing) 
>. gel electrophoresis, we have previously shown that the two 
`: highest molecular weight bands are composed of a and B 
. subunits, and three other bands are an a-a dimer and ‘free’ a 
and p subunits respectively''. After incubating with insulin 
_ » (10°°M), the phosphorylation of all five bands was increased 
approximately five- to six-fold. 
<- To evaluate further the mechanism of phosphorylation of 
insulin receptors, the solubilized fractions were incubated 
with several concentrations of insulin (10°'° to ~107°M), 
desoctapeptide (DOP) insulin and multiplication-stimulating 
activity (MSA), one of the insulin-like growth factors, and the 
phosphorylation was carried out as described above. Physio- 
Jogical concentrations of insulin (3x 107'° M) increased the 
phosphorylation of both subunits approximately threefold 
(Table 1). Stimulation was maximal with insulin concentrations 
of 10 to ~10°° M (Table 1; Fig. 1). DOP insulin, which has 
1% of the potency of porcine insulin in displacing bound 
?51-insulin from rat liver membrane insulin receptor and stimu- 
lating glucose metabolism“, stimulated phosphorylation only 
minimally. MSA (1077 M) was also far less potent than the same 
oncentration of porcine insulin (Table 1), as expected from 
previous studies of the affinity of MSA for the insulin receptor 
n rat liver plasma membrane'*’’. Thus, the 135,000- and 
95,000-M, bands were phosphorylated in dose-dependent 
ashion and specificity consistent with the affinity of the 
lin receptor for insulin analogues. 
To determine the phosphoamino acids of the 8 subunit of 
he insulin receptor, this *P.labelled phosphoprotein was cut 
rom the gel and partially hydrolysed in 6 M HCI for 2h at 
0°C. The resulting hydrolysates were separated by two- 
limensional electrophoresis (pH 2.0 and pH3.5) in the 














% SDS in 10 mM sodium phosphate, pH 7.0, with (A) or without (B) dithiothreitol 


ily in 5 or 7.5% polyacrylamide slab gels in the presence of 0.1% SDS as described by Laemmii*?. 
adiographed for 3-7 days as previously described”. Subunit molecular weights were 
-galactosidase (116,000), phosphorylase b (94,000), bovine serum albumin (68,000) 


presence of unlabelled phosphoserine, phosphothreonine and 
phosphotyrosine, and the autoradiograms of the separated 
phosphoamino acids were compared with the ninhydrin-stained 
standards. Only trace amounts of phosphotyrosine could be 
detected in the basal state (data not shown). After insulin 
stimulation (107 M), there was a dramatic increase in the 
amount of phosphotyrosine (Fig. 2). Because of the low radio- 
activity, phosphoamino acid in a subunit could not be identified. 

There is considerable evidence that phosphorylation and 
dephosphorylation may have various roles in insulin action'*”°. 
Recently, we found that insulin stimulates the phosphorylation 





Table 1 Effects of insulin and insulin analogues on “P incorporation into 
solubilized insulin receptor subunits from rat liver plasma membrane 





HP incorporated 
into insulin 


Concentration receptor subunits 
Addition (Mj (arbitrary units) 
M, 135,000 M,95,000 © 
Expt 1 
None — 3.7 20.2 
Porcine insulin 3x107'° 12.9 64.0 
Porcine insulin 1x10 21.5 116.0 
Desoctapeptide insulin 1x107 4.1 272 
Expt 2 
None ~ <05 5.2 
Porcine insulin 1x107 4.0 38.2 
Multiplication- 
stimulating activity 1x107 <ü.5 6.6 


Experiments 1 and 2 were performed with solubilized fractions derived from 
different membrane preparations. The studies were carried out as described in 
Fig. 1 legend, The autoradiograms were scanned in a Joyce-Loebl micro- 

_ densitometer and the peak areas corresponding to the 135,000- and 95,000-M, 
bands were calculated and expressed in arbitrary units. 





of the 8 subunit of the ingulin receptor in intact cells, indicating 

that this may be an early step in insulin action. This study 

demonstrates that the same phenomenon can be reproduced 
in cell-free systems and suggests several interesting points. First, 
although we are unable to determine the source of the phos- 

: sed to phosphorylate the 95,000-M, protein in an intact 

cell, in the broken cell system this protein clearly accepts the 

ate from y-labelled ATP. Second, the results suggest 

n endogenous protein kinase(s) is(are) involved in this 

eaction and that this endogenous protein kinase activity exists 

1 the plasma membrane fraction and after affinity chromato- 

a _ graphy on wheat germ agglutinin—agarose. Furthermore, insulin 
= Stimulates the incorporation of *’P into the 8 subunit of insulin 
receptor at tyrosine residues only. Phosphorylation of tyrosine 
is rare in normal cells*', but specific tyrosine phosphorylation 
of other proteins has been observed after cellular transforma- 
tion by RNA tumour viruses”? or stimulation of cell growth 
by epidermal growth factor (EGF)**’, platelet-derived growth 
factor”? and a human transforming growth factor’. Insulin is 

--also.a strong growth promoter. 

k <- Although phosphorylation has been demonstrated in both 
_ the intact and broken cell, there are some differences between 
them. First, the dose-response curve of phosphorylation is 
shifted to the left, that is, it is more sensitive, in a cell-free 
system than in the intact cell. This may depend on several 
factors, including the conditions of assay and the source of 
membranes. Second, in the intact cell only the B subunit is 
phosphorylated, whereas in the cell-free system, both subunits 
of the insulin receptor a e phosphorylated. This suggests the a 
subunit can also be a substrate for endogenous protein kinases, 
although the amount of phosphorylation of the a subunit is 
usually 15% or less than that of the 8 subunit. The reason we 
cannot detect the phosphorylation of a subunit in intact cells 

_. may be related to the low level of phosphorylation, to the 
topography of insulin receptor subunits in intact cells, to 
-differences in the level of endogenous phosphorylation, or to 
differences between these liver membranes derived from nor- 
“mal rats and cultured tumour cells. Third, we have found that 
in the intact cell, the content of both phosphoserine and phos- 
photyrosine in the 8 subunit of the insulin receptor is increased 
after insulin stimulation®’, although in the intact cell the 
absolute amount of phosphotyrosine is very small compared 
with phosphoserine. In the broken cell system, however, only 
phosphotyrosine is found. These results suggest that the tyrosine 
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Fig. 2 Identification of phosphoamino acids in the 95,000-M. phos- 
phoprotein. The phosphoamino acids were analysed by a modification of 
the method of Hunter and Sefton*'. The phosphorylation of the 94 ,000- M, 
protein (8 subunit of insulin receptor) was stimulated by insulin (1077 M) 
as shown in Fig. 1. The 95,000-M, bands, localized by autoradiography, 
were excised from the gel and the proteins eluted by electrophoresis at 
150 V for 20h into a dialysis bag containing 10 mM sodium phosphate 
buffer (pH 7.0) and 0.05% SDS. The samples were dialysed against 10 mM 
NH,HCO,, lyophilized, extracted by ethanol/ether (1:1 v/v) and then 
subjected to acid hydrolysis in 6 M HCI for 2h at 110°C. After lyophiliz- 
ation, the hydrolysates were spotted on Whatman 3MM paper. Elec- 
trophoresis was performed at pH 2.0 (formic acid/acetic acid/H,O, 
81:25:879) and 550 V for 60 min at 12°C in the first dimension, and at 
pH 3.5 (pyridine/acetic acid/H,O, 1:10: 189) and 1,000 V for 105 min in 
the second dimension. Samples of authentic phosphoserine (Sigma), phos- 
phothreonine (Sigma) and phosphotyrosine (a gift from Dr T. Hunter; Salk 
Institute) were added to all radioactive samples analysed. The standards 
-= were located by ninhydrin and are delineated by the broken lines. The 
radioactive material was located by autoradiography. 
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inserts into a membrane, facilitating the transport of the enzy- 


phosphorylation of the 6 subunit may be the initial reaction 
which occurs on insulin binding and that phosphorylation of 
serine requires other components absent in cell-free systems. 
Similar differences of phosphoamino acid composition 
between intact cells and cell-free systems have been observed © 
in the phosphorylation of RNA tumour virus oncogene 
products’*’***, and the receptor for EGF”, | 

Our results provide the first demonstration, in a cell-free z 
system of a covalent modification of the solubilized insulin - 
receptor as a consequence of insulin—-receptor complex forma- _ 
tion. The mechanism by which insulin stimulates the incorpor- © 
ation of **P from [y-**P]ATP into its own receptor at tyrosine 
residue is not known. This system does, however, provide the 
opportunity to investigate whether the insulin receptor is a 
tyrosine protein kinase, as suggested for the EGF receptor’, 
or a regulator of phosphoprotein phosphatase. : 
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Diphtheria foxia (DT), a 63 ,000-molecular weight soluble pro- : 
tein, is toxic to most mammalian cells. The mechanism of | 
intoxication involves a step in which one part of the molecule 


matic fragment of the protein into the cytoplasm’. This event’ 
requires an acidic environment and seems to occur at- 
membrane of an endocytic vesicle**. Different cell lines ; 
species differ in their sensitivities to DT—this is due at į 
part to differences i in the number of DT surface rece] 
the cells", but may also arise from differences in the me 
transport step. It is generally recognized that prote 












‘interactions a are eof critical imports 
phenomena (see ref. 6). Thus, it is of interest to determine 
whether the interaction of DT with membranes is modulated 
- by their composition. We have shown previously that DT inter- 
~ acts with planar lipid bilayers at acidic pH to produce voltage- 
. dependent channels’. We report here that this interaction of 
_ DT with bilayers depends on membrane phospholipid composi- 
`- tion; the interaction is optimal when inositides are present 
~ within the membrane, and the inositides are required on the 
_ side of the membrane opposite to that in which DT is intro- 
< duced. 
_. We investigated the effect of membrane composition on the 
a interaction of DT with lipid bilayer membranes. Figure la 
_ illustrates the time course of the membrane current at a 
constant applied voltage of ~40mV recorded from two 
_ different membranes. The upper trace corresponds to a 
_. phosphatidylethanolamine (PE) membrane and the lower to an 
asolectin (AL, soybean phospholipids) membrane. AL is a 
mixture of phospholipids, the major components of which are 
PE, phosphatidylcholine (PC), phosphatidylinositol (PI), and 
--~phosphatidylserine (PS), and contains a small amount of a- 
= tocopherol. The conductance of each unmodified membrane 
was low, as indicated by the small current in response to a 
-voltage step. On addition of DT to the aqueous compartment, 
the conductance of the asolectin membrane increased due to 
_. the formation of ionic channels, whereas the current through 
-> the.PE membrane remained almost unchanged. Channels do 
form in PE membranes if sufficient time is allowed, and if higher 
“DT concentrations are used, but PE membranes are consistently 
much less sensitive to DT. 
=- © Alving et al.“ have shown that the binding of DT to phos- 
= pholipid vesicles at acidic pH is correlated with the membrane 
~» surface charge. This suggests that the difference between asolec- 
tin (~ 20% negative lipids) and PE membranes might be due 
to differential binding resulting from differences in surface 
charge or lipid composition. To evaluate this hypothesis, we 
tested a variety of lipids in our bilayer system. The data are 
summarized in Table 1, where the average rate of conductance 
- increase for several lipids is shown normalized to the rate of 
-increase for asolectin at a DT concentration of 100 ng mi’. 
= -Membranes consisting of the neutral lipids PC and PE are 
> relatively insensitive to DT, but the same is true for the negative 
_ phospholipid, PS and the negative lipid oleoy! phosphate (OP) 
s'at surface charge concentrations comparable to asolectin. 
> Similarly, glycolipids or gangliosides do not sensitize the mem- 
- brane to DT. Diphosphatidylglycerol (DPG, cardiolipin) seems 
--to confer some slight sensitivity to DT, but greater effects result 
“from. the presence of inositides in the membrane. As phos- 
phatidylinositol is a major component of asolectin (~14%)*"”®, 
>< we believe that the PI in asolectin membranes is responsible 
for their sensitivity to DT. The fact that the PI-PC mixture is 
less DT-sensitive than asolectin could be due to the phytanoic 
acid chains on the PC because the acyl chain composition of 
the lipids affects DT binding’. Indeed, membranes formed with 
purified soybean PC, PE and PI exhibited DT-induced conduct- 
‘ances comparable to asolectin, whereas substitution of PS for 
‘PI in this mixture rendered the membranes insensitive to DT 
{see Table 1). Channels do form in inositide-free membranes, 
‘but at a slower rate. 
< The rate of channel formation induced by DT is enhanced 
y the presence ofa pH gradient. Similar results have been 
orted by Kagan et al. who showed that a mutant form of 
T, CRM 45, forms channels, and that the rate of conductance 
icrease is greater in the presence of a pH gradient. For DT, 
‘we observed that in the presence of a 2-unit pH gradient 
` (4.9-6.9, acid on the DT-containing side), the rate of channel 
formation was enhanced ~ 50-fold, regardless of the composi- 
tion of the membrane. Thus, the relative conductances are 
i unchanged by the pH gradient. To separate clearly the effects 
of pH and membrane composition, all the experiments reported 
_ here were performed with both sides of the membrane at 
: os 4.85. 
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Fig. 1 Membrane currents at a constant applied voltage through 


symmetrical membranes treated with DT. Planar lipid bilayers 


were formed from monolayers as described elsewhere?” across a 


200-um hole in a 12 um-thick Teflon partition separating two 


4-ml capacity Teflon compartments. The hole was treated with a 
1% solution of squalene in pentane. Voltage was applied, and - 
current measured using Ag/AgCl electrodes with an Analog 
Devices AD515 amplifier having. a 1-GQ) feedback resistor. The 
DT-containing compartment is defined as being at zero potential, 
and positive current is the flow of positive ions into this compart- 
ment. a. Shows the current through two membranes before and 
after the addition of DT. The upper trace corresponds to a PE 


_ membrane, and the lower trace to an AL (soybean lipids purified 
by the method of Labarca er al.4) membrane. b Shows two current 


traces: the upper trace is from a membrane consisting of 100% 
PC (diphytanoy! phosphatidylcholine, DPPC) and exhibits a low 
conductance during which a single channel of DT opens and closes 
(arrow). The lower trace is from a membrane containing 97.5% 
PC and 2.5% PIP. Because of the low solubility of PIP in alkane 
solvents, the lipid solution was sonicated briefly before spreading 
the monolayers. All experiments shown were done at room tem- 
perature using 0.2 M NaCi/20 mM citrate buffer, pH 4.85. The | 
DT concentration was 100 ng ml! DT. (Connaught) was purified © 
by DE52 een = 









na induced byr nic ed toxin was O relative to 


 - un-nicke ed toxin by an order of magnitude, and showed less 











interesting among the lipids studied here is phos- 
sitol-4-monophosphate (PIP)*. This lipid (PI with 
phosphate on the inositol ring) has a double negative 
‘at the pH of these experiments. It is most effective at 
tizing the membrane to DT, which seems to be due to the 
tol or phosphoinositol moiety and not the charge, as 
iphosphoglycerate is also doubly charged, but is much less 
ffective. Figure 1b illustrates the ability of PIP to sensitize a 
membrane to DT. The two superimposed current traces are for 
two different membranes, one of 100% PC and another of 
97.5% PC with only 2.5% PIP. The addition of this small 
amount of PIP caused the current to increase dramatically in 
the presence of DT, even though the surface charge density 
_ was about one-quarter that for an asolectin membrane. Such 
„current increases were not seen in the absence of DT. 
~.. The simplest explanation for these data is that DT binds to 
inositides, especially PIP, on the bilayer surface*’*. To test this 
- motion, we prepared asymmetric lipid bilayers containing PIP 
-exclusively in one monolayer. These membranes were made 
with lipid mixtures designed to have the same surface charge 
density in both monolayers. All other conditions, including DT 
concentration and pH, weré also symmetric. Two superimposed 
traces of the current through asymmetric bilayers after the 
addition of DT are shown in Fig. 2a. When DT was added to 
the chamber in contact with the PIP face of the membrane, the 
membrane current was unaffected, except for some incidental 
current drift. In contrast, when DT was added to the PS side, 
‘the current increased dramatically after a significant lag time. 
~ Thus, although PIP does bind DT’, it does not mediate channel 
` formation primarily through DT binding, but has a more subtle 
role. We have shown previously’ that the DT insertion and 
- channel formation steps are distinct from the binding step. Our 
_ results indicate that phosphoinositides. exert their effect not.so 
much on the binding of DT but rather on either the insertion 
or channel formation step, and that they mediate this effect 
from the side opposite to that on which the DT is bound. 





Table 1 Relative conductances induced by DT in symmetrical lipid 
bilayers of different composition 


Membrane composition Relative conductance” 


Asolectin 1.040.2 (10) 
PE = 0.001 (2) 
DPPC 0.015 +.0.006 (3) 
ao 20% PS/80% DPPC 0.02 + 0.006 (3) 
“933% OP/67% DPPC < 0.001 (2) 
10% Glucocerebroside/90% DPPC 0.01+0.007 (2) 
25% DPG/75% DPPC 0.058 + 0.022 (4) 


10% Ganglioside/90% DPPC 

25% PI/75% DPPC 

5% PIP/95% DPPC 

40% Soybean PC/40% PE/20% PI 
40% Soybean PC/ 40% PE/20% PS 


0,02 + 0.015 (5) 
0.16+0.07 {4) 
0.31 40.023 (3) 
0.82 + 0.022 | (3) 
0 08 + 0.06 (3) 


< Values shown are mean conductance s.e.m. divided by the mean 
- conductance for asolectin (number of experiments in parentheses). All 
- conductances were obtained by incubating the membrane in the pres- 
“ ence of DT for 4 min at 0 mV applied potential. Then, the potential 
‘was switched to —30 mV, and the conductance measured 1 min later. 
_ Asolectin membranes were generally treated with 100 ng ml”! of DT; 
membranes often needed. higher DT concentrations. In these 
cases, the rate of conductance increase was taken as proportional to 
_th ‘square of the DT concentration’’’. Other conditions were as 
cated in Fig. 1 legend. PE, PS, PI, PIP and soybean PC were 
0 ned from Sigma, diphytanoyl phosphatidylcholine (DPPC) from 
« Avanti, glucocerebroside and DPG from Supelco; OP was from Hooker 
Chemical. Gangliosides (mixed bovine brain) were the gift of E. Yavin; 
E HPLC-purified soybean PC was given by M. Conrad. Lipids were 
dissolved in CHCl, (PIP in water-saturated CHCI;) or CHCI,/MeOH 
(2: De and stored at —80 °C. until use. 
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The effect of phosphoinositides s seems sto gbe due toan intera 
tion of the inositol phosphate moiety with DT which is satisfie 
even if the inositol is added to the solution in contact with the 
membrane. Figure 2b shows the effect of adding inositol 
hexaphosphate (IHP, phytic acid) to the compartment on the 
toxin-free side of a PS-containing membrane. A current 
increase was apparent after DT addition only after IHP was 
added to a concentration of 0.5 mM; further addition of IHP 
further increased the conductance. In membranes untreated 
with DT, IHP had no effect on membrane conductance, and 
addition of IHP to the DT-containing side also had no effect 
(Fig. 3). The effect. of IHP was the same in the presence. of 
1 mM EGTA or 1 mM Ca”’, indicating that this effect is not 
bound to the phosphate groups of the IHP. 
Rather, the inositol phosphate moiety seems to be essential for. 
channel formation. ae 

It is known that DT in solution binds IHP together with cane 
nucleotides and other polyphosphates'*'°. Thus, the inositol _ 
phosphate effect could conceivably be due to its binding to the 
DT phosphate binding site, thereby anchoring the DT ina 
transmembrane conformation. If this were the case, presumably = 
any polyphosphate should have the same effect. However, ATP, 
when added to the trans side of the membrane, does not affect 
DT channel formation (data not shown). Thus, the effect is: = 
specific: only phosphoinositide (or inositol phosphate) on the 
opposite side of the membrane induces DT channel formation. 

We suggest a mechanism in which the DT first binds to the 
membrane surface, and then extends a process across the 
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Fig. 2 a, Membrane currents through two asymmetric mem- ` 
branes treated with DT, The membranes were formed from two 
monolayers of different composition: one monolayer contained © 
-10% PS and 90% PC, the other contained 5% PIP and 95% PC, 
The upper and lower traces show the current through the mem-. > 
brane when DT was added to the solution on the PIP-containing 
and PS-containing side, respectively. The applied potential was 
—30 mV throughout. DT concentration, 100 ng mi‘. b, Mem- 
brane current through two symmetrical membranes in the presence > 
of IHP. The membrane composition was 20% PS, 80% PC. The = - 
addition of DT to a concentration of 100 ng ml”! caused no — 
significant increase in conductance in either membrane. The lower 
trace shows the current after IHP (Sigma) was added to the side _ 
of the membrane opposite to that to which DT was added, and 
the upper trace shows the current obtained when IHP was added. 
to the same side of the membrane as DT. The voltage was beds r 
constant at —30 mV for both traces. 








Sr menibrane core which prob 
d phosphoinositide, and binds to it, anchoring it in place and 
allowing channel formation to occur. Thus, the critical steps in 
intoxication may be as follows. DT binds to a cell-surface 
receptor and is internalized. Once in the endosome, the acidic 
environment induces a conformational change in DT that, in 
-concert with the membrane potential, promotes the binding 
and insertion of DT into the endosomal bilayer. The consequent 
binding to phosphoinositides anchors DT, allowing channel 
formation and, concomitantly, the translocation of the enzy- 
_. Matic moiety of DT into the cytoplasm. The notion that translo- 
cation of proteins across membranes involves conformational 
changes in the protein and the insertion of portions of the 
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It is generally agreed that recombination offers a long-term 
evolutionary advantage’. It is argued, however, that because 
genetic variability exists for recombination rates in natural 

: populations, response to immediate demands for adaptation 

-should result in reduced recombination regardless of the long- 
term consequences. Nevertheless, genetic recombination per- 
sists; Numerous models have been developed to examine this 

- fact’?. There exists, however, a notable lack of empiricism on 

the recombination question. Here we demonstrate in 
Drosophila that the response of a polygenic character (DDT 

- resistance) to directional selection is sufficiently correlated with 
‘the genetic variability generated by recombination to bring 

about a corresponding increase in recombination rate. We draw 

attention to the relationship of these results to existing models, 
notably the ‘hitch-hiking’ model’. 

`: Twenty-eight single female lines of Drosophila melanogaster, 

‘free. from chromosomal inversions, were cultured from 

-individuals collected in central Tennessee. On 8 August 1978, 

-five inseminated females from each line were combined to 

-establish two control populations (C1 and C2) and three selec- 

ted populations (R1, R2 and R3). Populations were maintained 

_ in population units consisting of two 1/2-pint bottles united by 

a 7.6-cm piece of hose*. The cultures were maintained at 
25+1°C and the bottles replaced alternatively every 2 weeks 
throughout the study. On 20 August 1978, selection for DDT 

(1,1,1-trichloro-2,2-bis(p- chlorophenyljethane) resistance was 

¢nitiated on populations R1, R2 and R3 by placing a 2.5 x 7.5 cm 
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the other side. If the DT finds m polypeptide Cl ain ; 





su gested in a C wane of con- 
texts'® "°, The requirements for insertion of the ‘signal 
sequence’ of some. polypeptides are very similar to the require- 
ments for DT channel formation””*”. The remarkable observa- 
tion that channel formation is facilitated by the presence of 
inositides in the transmembrane monolayer suggests that . 
specific polypeptide—lipid interactions can play a part in protein ž 
translocation, | 
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strip of filter paper impregnated with DDT on the medium 
surface in each fresh bottle. Selection was carried out by 
gradually increasing the amount of DDT from 0.1 mg to 
190.0 mg over the next 555 days. 

Three kinds of data were gathered from these populations. 
Population levels of DDT resistance were measured to demon- 
strate that directional selection had occurred; cross-over 
frequencies for portions of chromosomes I, II and III were © 
determined to detect differences in recombination rates 
between initial, control and selected populations; and individual 
chromosomes from the selected populations were tested for 
resistance. The level of chromosomal resistance attained was 
then related to changes in chromosomal recombination rates. 

DDT resistance was measured by subjecting the daughters 
of sampled females to a knockdown test*. After 330 days of 
selection, populations R1, R2 and R3 achieved resistance levels 
10-40 times greater than those of the control populations, 
demonstrating that selection was effective. The median effective 
dose (ED;,) for DDT was 5.3 and 6.4 mg for populations C1 
and C2, respectively, and 207.5, 160.4 and 54.1 mg for R1, 
R2 and R3, respectively’. Population levels of DDT resistance _ 
were not tested again even though selection continued for — 
another 165 days. 


rar x + GY Sb 
RR XS a xX ccc 


RRR xR RR Cc © ycce 
ie Cy Sb Y Cy oe 
RRR, CCC RRR CCC 
comet Pm D ie en 
RCE scx ER C CCR y cece 
W CY Sb mee D Y ial 
R R R 
cec cee cc 


Fig. 1 Mating scheme that allows for the isolation of females 

possessing individual I, II or III chromosomes from the selected 

population. R, chromosome from the selected population; C, 

chromosome from the control population; +, wild-type I chromo- 

some; Cy, curly; Sb, stubble; Y, Y chromosome; Pm, plum; and 
D, dichaete. 
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Mean recombination No. of females EEA 
index +95% sampled from each No. of individuals selection before. ~~ 
| Population Chromosome confidence interval population counted recombination tests 

It 0.2862 0.041 10 1,500 0 
0.277 + 0.027 25 991 19* 
0.290 + 0.026 25 962 18* 
0.276 + 0.020 25 986 19 
0.283 + 0.021 24 958 19 
0.288 + 0.026 24 1,119 18 
It 0.330 + 0.020 36 1,910 42" 
0,309 + 0.035 26 a, a 4,313 12* 
0.369 40,023 23 * 67S o 11. 
0.373£0.031 20 4,063 12 
3 0.398+0,021 | 37 1,899 y 12 
Wild type TH§ 0.056+0.013 12 1,153 0 
C1 0.059#0.014 20 976 | 13* 
C2 0.087 40.014 30 1,575 13* 
Ri 0.096 + 0.020. 33 1,914 l 13 
R2 0.098 +0,022 24 1,323 14 
R3 0.094 + 0.018 25 | 1, 359 14 


a... The ‘recombination index’ represents the number of recombination events observed divided by the total number of possible recombination events. 
_ * Populations C1 and C2 were not exposed to DDT but in all other aspects were treated identically for the period of time shown. 

t Recombination index determined for markers dp, cn, bw. 

§ Recombination index determined for markers Gl, Sb. 


= 4 Recombination index determined for markers w,m,f. 
A Recombination index determined for markers wmf. 


“The recombination data are summarized in Table 1. Follow- 
ing selection, recombination rates between loosely linked 
markers were determined for the major chromosomes in all 
populations. Initial rates were also determined for chromo- 
somes I and III. It became necessary to change the markers 
for chromosome II after the experiment began; because of this 
change there are no initial data for that chromosome. These 
rates were obtained by crossing daughters of sampled females 
to marker stock males. F, daughters were again crossed to 
„marker males and F; individuals scored for recombinant 
_ phenotypes. The data are expressed as a recombination index, 
representing the number of recombination events observed 
divided by the total number of possible recombination events. 
_ For chromosomes I and II with three markers per chromosome, 
: the recombination index is computed by dividing the number 
of recombination events among F, individuals by twice the total 
number of F, individuals, as it is possible to observe a maximum 
of two recombination events in each individual. Chromosome 
III data are based on two markers; thus, the recombination 
index is the number of recombination events observed divided 
by the total number of F, individuals. One-way analysis of 
variance of the recombination index values for each chromo- 
some indicated significant differences between populations for 

mi chromosomes II (Ps. 137 = 8. 64; P<0O. 001) and IH (Fs. 135 ™ 3. 34: 
P<; 01) but no significant differences: for chromosome I 
(F517 = 0.45; P>0.10). Least-squares difference tests for the 
chromosome II values indicated no significant. difference 
_ between the mean recombination index values for populations 
-C1 and C2 and no significant differences between the means 
of the selected populations. However, each of the selected 
populations has a recombination rate ratio index significantly 
-greater than each control population (P<0.05 for all com- 
isons). The same results were obtained for the chromosome 
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each C population. These results indicate that a change in the 
level of DDT resistance brought about by directional selection 
was accompanied by a significant increase in the intrachromo- 
somal recombination rate for portions. of two of the three major 
chromosomes in this species. 
_ The final step consisted of testing the level of DDT resistance 
“for each chromosome separately. The rationale behind this. step 
is as follows. If genes affecting recombination rates are main- 
ota ined to any significant extent in populations as a result of 
_ producing new favourable recombinants, then the recombina- 
-tion genes must be sufficiently linked to these recombinants in 
order to ‘hitch-hike’ their way to a higher frequency. As 
“significant i increases in recombination frequency were found on 
chromosomes II and III, the hitch-hiking hypothesis predicts 
that ee same cromosomes would possess the major genetic 
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component for DDT resistance. | E 
Individuals with the desired combination of unselected: © : 
and selected (R) chromosomes were obtained from a series of- ; 
crosses by using inversion-containing marker chromosomes _ 
(Fig. 1). Again, females alone were evaluated for resistance by | 
knockdown tests*. The results are striking when the chromo-. < 
somal level of resistance, as indicated by the EDs. values’, 
is compared with the ratio of selected chromosome ` 
recombination rate to that of the control chromosomes (Fig... _ 
2), that is, chromosomal response for DDT resistance compared. _ 
with chromosomal response in recombination rate. The greater _ 
the chromosomal response in. recombination rate, the greater — 
was the chromosomal response for DDT resistance; this : 
significant. positive correlation supports the hitch-hiking cues 
hypothesis. S 
It is necessary to consider whether the increases in recombi- Ag 
nation rate observed in the selected populations might be due 
to some factor other than selection. It seems unlikely that 
mutation could have caused this change. Studies on the 
60) 


C hromosomal DDT resistance (mg DDT) _ 


(h Q 5 

Chromosomal recombination response (R/C) | 

Fig. 2 The relationship between the level of chromosomal DDT 

resistance and chromosomal recombination response. The latter 

is taken as the ratio of the R population recombination index tor 
the mean recombination index of the two C populations for a 
given chromosome: y = 49, — 43.7; r= 0.86, P <0. oF for H ; 

yx = 0. ) 





mutagenic. ability a DDT indicate that w is hek non- 
mutagenic? ° or is only a weak mutagen'®"’. It is possible that 
the increases were brought about by genetic drift. Because the 
-selected populations were smaller in number than the control 
<o populations, the high rate alleles may have drifted to high 
frequencies. However, the fact that all populations responded 
in the same way favours directional selection as the major 
` determinant of recombination rate increases. 

_ These results are of interest in two respects: they provide 
` the first demonstration of increased recombination correlated 
_ with the response to directional selection by a different quantita- 
-tive character, and confirm the proposal that recombinant genes 
generating genotypes favoured by selection can ‘hitch-hike’ to 
= increased allele frequencies’. For hitch-hiking to be a major 


_.. factor in maintaining recombination in natural populations, 


_. these populations must experience either continuing directional 
~~ selection or normalizing selection with a moving optimum” 
_ Whenever a balancing selection model is analysed , selection 
- for.decreased recombination results'*:'*. The question becomes 


one of the relative importance of normalizing selection with a 


stable optimum as opposed to selection where the optimum is 
changing with time. The stabilizing selective mode might be 
favoured by those who prefer to think of adaptation as ‘a 
response primarily to abiotic stresses such as temperature and 
humidity, or intraspecific interactions such as courtship, which 
present a more or less fixed range in which the species must 
adapt. It can be argued that adaptations to interspecific biotic 
stresses may be more important and more prevalent than those 
to abiotic stress’*'°. Such co-evolutionary relationships are 
more likely to involve selection of the kind favouring recombi- 
nation. 

We thank Lisa D. Brooks, David J. Merrell and Michael J. 
©- Simmons for their critical comments on an earlier version of 
the manuscript. The marker stocks were supplied by the Mid- 
America Drosophila Stock Center, Bowling Green, Ohio, 
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© Certain members of the Escherichia coli plasmid incompatibility 
group P are capable of efficient transfer between and mainten- 
ance in most Gram-negative bacterial species’“*. Of funda- 
mental interest is whether this broad host range results from 
‘differences between the mechanisms of replication and par- 
titioning during cell division used by IncP. plasmids and by 
narrow host range plasmids. The genetic regions of IncP plasmid 





RK2 (similar. or r idéntica alto RP4 and RPI) cea for plasmid i 
maintenance in E. coli have previously been defined as a 
vegetative replication origin (or{gx,) and a gene specifying a 
positively required trans-acting product (tirfA)**. Here we 
have tested various mini RK2 replicons for their ability to 
become established after transformation into Pseudomonas ` 
aeruginosa PAO as a model non-E. coli host. We chose © 
P. aeruginosa for this purpose as it is a Gram-negative species 
relatively phylogenetically distant from Æ. coli. Our studies 
have defined a plasmid segment that contains a region which 
must be linked in cis to the orig, replicon to allow mini RK2 
plasmid maintenance in P. aeruginosa PAO and suggest that 
RK2 may carry genes which adapt the basic replicon to allow 
autonomous maintenance in specific groups of hosts. — | 
A simplified physical and genetic map of plasmid RK2 is. 
shown in Fig. 1. A segment of the plasmid genome (from 
coordinates 54.0 to 56.0 kilobases (kb)) has been designated 
the #fB region because experiments carried out in ŒE. coli 
indicate that it contains a gene, #/B, that specifies a trans -acting 
product acting in plasmid replication or maintenance when the 
trfB region is part of the RK2 replicon’*. The requirement for “ 
at least part of this region for establishment in P. aeruginosa 
has been suggested by the inability of unstable RP4 mutants 
with transposon Tn7 inserted in the irfB region to transfer from 
E. coli to P. aeruginosa”. Also, a mutation has been described*® 
that renders RP4 temperature-sensitive for maintenance in 
P. aeruginosa but not in E. coli and which physically maps in 
a plasmid segment that contains #fB but not wfA or origky 
We have analysed the #fB region requirement by testing the 
ability of mini replicons derived from RK2 by in vitro recombi- 
nation and isolated from E. cali to be introduced by transforma- 
tion into the restriction-deficient P. aeruginosa PAOQ1161. The 
structures of the plasmids we have used are shown in Fig. 2 
and the results of transformation in Table 1. If a plasmid seemed . 
to become established in PAO1161, plasmid DNA was isolated — 
by the alkaline extraction method of Birnboim and Doly'’ and 
its structure verified by restriction endonuclease digestion pat- 
tern analysis. Our initial observation was that whereas mini 
RK2 replicons carrying all three regions, origx2, trfA and trfB 
(pRK248), were capable of establishment in PAO1161, 
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Fig. 1 Simplified physical and genetic map of broad host range 
plasmid RK2 (RP4 and RP1). Only a few restriction sites are 
shown as reference points. The single EcoRI site is used as the 
origin of kilobase pair (kb). coordinates. The regions specifying 
resistance to ampicillin {Ap}, tetracycline {Tc} and kanamycin 
(Km’‘) are shown together with regions (indicated by heavy lines) 
specifying genes required for conjugal transfer (fra), the vegetative 
replication origin (origg,2) and regions containing genes specifying 
trans-acting replication or maintenance functions (tf), The seg- 
ments of RK2 present in the mini replicon pRK248 are shown. 
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; Table 1 Results. ot transforming P. aeruginosa PAO1161 
(Leu” Res Mod’). with DNA of mini RK2 replicons isolated from 
. . € E cali K12 C600 AtrpE5 





Average no. of transformants per plate* 


PAO1161 PAOI161 

PAO1161 (pCT407) (pCT408) 
2,000 89 2,000 
0 0 0 (6)t 
1,500 104 1,500 
200 14 1,000 
600 20 1,200 





$ PAO! 161 was made competent for transformation: by pelleting 10 ml 
of late exponential phase culture (A ton.625= 1.0) grown in L broth 
(10 g tryptone, 5 g yeast extract, 5 g 17" NaCl) at 30°C, washing with 
4ml ice-cold 100mM MgSO,, incubating in 4 ml ice-cold 100 mM 


CaCl, for 20 min and finally resuspending in 1 mi ice-cold 100 mM 


CaCi,. Approximately 1 pg of DNA was mixed with 100 pl of com- 
petent bacteria and incubated at 0 °C for 60 min. After 2 min at 42 °C, 
© 1.0 ml of L broth was added and after 120 min at 30°C, 9 mi of L 
\ broth with tetracycline to 10 pg ml * was added. After overnight incu- 
_ bation at 30°C, 0.2-ml samples were plated on L agar {L broth with 
Asger? agar) with 100 ug mi” ` tetracycline and incubated at 30°C. 
- pCT407 is an IncQ plasmid, R300B° (conferring resistance to strep- 
~-tomycin and sulphonamide) linked to trfB. pCT408 is R300B linked 
to fA and trfB. 

*If Tc’ transformants were obtained the presence of independent 
piang DNA was verified by extraction and examination of plasmid 
DNA” 

+ On one occasion Tc’ transformants were obtained but examination 
of plasmid DNA indicated that the tetracycline resistance was conferred 
by a recombinant between pCT201 and pCT408. 


i pCT201, which lacks all but 150 base pairs of the irfB region, 
was not. The trfB region was reinserted into pCT201 by in vitro 
< recombination and the resultant plasmid (pCT398) was found 
to be capable of transforming and being maintained in 
~ PAO1161 (pCT398 is lost from PAO1161 at ~4-5% per 
generation in the absence of selection for plasmid markers). 
Therefore, the inability of pCT201 to transform PAQ1161 is 


Fig.2 Structure of mini RK2 rep- Olay» Tc! 
licons used to investigate the 
requirement for segments of the 
trfB region in P. aeruginosa. Sites 
for restriction endonuclease 
cleavage are labelled as follows: 
BamHI, B; EcoRI, E; HindIII, H; 
Sall, Sa; Ssl, Ss; Xhol, X. The 
. segments of DNA derived from 
RK2 are shown as solid lines, non- 
RK2-derived DNA as open lines. 
The circular plasmids are rep- 
resented as linear molecules with 
>> the break point defined by the 
EcoRI site for pRK248 and the 
other plasmids aligned with respect 
to the RK2 maintenance functions. 
~~ pRK248 (9.6kb) was produced 
indirectly from RK2 by partial 
-= digestion with restriction endo- 
nuclease Haell and ligation’ (Fig. 
= 2. pCT201 (10.5 kb) was con- 
structed by ligating two HindIII H 
fragments, one containing Te'"/irfA pCT141 
and =~150 base pairs of the trfB 
gion and the other Ap’ and 
irk. PCT398 (12.0 kb) was con- 
cted by linking pCT201 to a 
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due to ‘the lack of the "fB 1 region rather than to a. secondary | 
defect located elsewhere on the plasmid. x 
To determine whether the requirement for all or part of the 
trfB region is solely to provide a trans-acting product necessary — 
for Origx2 or fA function in PAOQ1161, we cloned both tfB 
alone (pCT407) and trfA together with #fB (pCT408) into 
IncQ broad host range plasmid R300B by in vitro recombina- 
tion and introduced these plasmids into PAO1161. The pres- 
ence of trfA and trfB in the PAO1161 host did not significantly 
increase its ability to be transformed by pCT201. In one experi-. 
ment, transformants were obtained but the restriction pattern 
of the plasmid DNA isolated from these transformants sug- 
gested that they contained a hybrid plasmid resulting from: 
recombination between pCT201 and pCT408 after entry rather 
than pCT201 and pCT408 existing as separate plasmids. These 
results were interpreted to mean that part or all of the ofB 
region is needed linked in cis to pCT201 to allow establishment. HEL 
and maintenance in PAO1161 rather than simply for DNA 
entry into competent bacteria. Insertion of only part of the #fB- 
region into pCT201 also restores the plasmid’s ability to trans- = 
form PAO1161, although the stability of these plasmids 
(pCT427 and pCT428) without selection for plasmid markers _ : 
in PAO1161 is less than for pCT398 (pCT427 is lost at 5-10% 
per generation and pCT428 at 8-12% per generation). The 
limits of the essential segment of the trfB region are not known. — 
The orientation of the inserted #fB segment relative to: Oring, 
and trfA (pCT427 and pCT428) does not matter so it seems 
unlikely that the trfB region is providing a transcription pro- 
moter active in P, aeruginosa that is necessary for origgs or. 
trfA function. 
As these results indicate that origx. and fA as defined in 
E. coli are not sufficient for establishment and maintenance in ooo 
P. aeruginosa, it could be that one or both of these regions is 
not needed in P. aeruginosa. However, we were unable to. 
transform a plasmid containing #fA and trfB but lacking Orik 
(pCT141) into PAO1161. Also RP4.ColE1 hybrids with trans- 
poson Tn7 inserted either into origx, or trfA (obtained from : 
A. Stepanov) are incapable of conjugal transfer from E. coi 
to P. aeruginosa and trfA temperature-sensitive mutants are 
unstable at the non-permissive temperature in P. aeruginosa. 
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“plasmid carrying trfB and then carrying out SstII partial digestion to delete the intervening DNA segment and join the partial ¢fB y 
already present in pCT201 to the rest of the region containing #f{B. pCT427 and pCT428 were constructed by replacing the Ap’ ee 
to EcoRI segment of pCT201 by a Km’ BamHI to EcoRI segment from hybrid plasmids containing segments of a mini RK2~Km" 
oo plasi inserted i into the Cal site of pBR322. The two derivatives used have Km’ and part of the trfB segment as shown inserted in opposite *> 
me orientations relative to the BamHI and EcoRI sites. pCT141 (11.8 kb) is a hybrid with a Tc’ HindIII fragment carrying trfA and trfB sera o 
into a chloramphenicol resistance-conferring (Cm'‘)Tc* derivative, pDS3, of pACYC184. oes 
































































} in P. aeruginosa ‘as well as part of the Me region. 
> In E. coli, RK2 is known to code for several host lethal 
-functions (kil) whose effects are normally suppressed i in trans 
by other RK2 genes (kor functions)”. However, it seems 
unlikely that the phenomenon described here is solely due to 
‘the action of such a kil function that is active in P. aeruginosa 
but not in E. coli, because these might be expected to be 
-suppressed by trfB in trans as well as in cis, which is not 
` Observed. Although we have demonstrated a cis requirement 
for part of the fB region the results do not rule out the 
possibility that the trfB region also provides a necessary trans- 
acting product. The requirement for this extra DNA in 
-< P. aeruginosa may be at any or all of the stages of establishment 
(between DNA entry by transformation or conjugation and 
-steady-state maintenance), replication or segregation. A defect 
in segregation, however, might be expected to lead only to 
- unstable maintenance rather than to an absolute defect in 
maintenance’, Possible cis functions for the #fB region in 
< -establishment or replication in P. aeruginosa but not E. coli 
include: the provision of a replication origin used in P. 
aeruginosa (the mode of replication of RK2 in P. aeruginosa 
<- might require two functionally distinct replication origins, as in 
-animal mitochondrial DNA replication"®); the provision of a 
binding site for a protein that may subsequently migrate to a 
site of action elsewhere in the replicon—for example, at orizx2; 
the provision of a recombination site functional in P. aeruginosa, 
_to allow the resolution of plasmid multimers, as these are 
thought to interfere with plasmid maintenance in other 
-ogystems'7**, 
Jt is clear in the case of the mini RK2 derivatives used in the 
"> present study that whereas origx, and trfA are sufficient to form 
<a functional replicon in E. coli, they are not sufficient in 
<P. aeruginosa. Linkage of the #fB region in cis to origx, and 
< fA can overcome this defect, forming a replicon functional 
in P. aeruginosa. However, it is not known whether the trfB 
region is essential in any other bacterial host. One interpretation 
of our results is that RK2 may possess a basic replicon similar 
«to that of other plasmids (orirg: and trfA) plus additional genetic 
-information which enables this replicon to function in diverse 
_. Gram-negative bacterial species, for example, the #fB region 
in P. aeruginosa. We do not know whether other broad host 
~~ tange plasmids contain regions functionally analogous to the 
-fB region of RK2. If they do, analysis of the role of the trfB 
region in RK2 maintenance may shed light on the reason that 
< -certain groups of plasmids have a broader host range than many 
+ others. 
= .C.A.S. is supported by a MRC project grant awarded to 
C.M.T. and this research was partly financed by this project 
grant. 
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Trypanosomes exhibit antigenic variation by the. sequential 
expression of a series of antigenically distinct variable surface 
glycoproteins (VSGs). On the basis of cDNA sequencing and/or 
terminal amino acid analyses of 10 Trypanosoma brucei 
VSGs'~, the approximately 500 amino acids of a nascent VSG 
can be divided into (N-terminus to C-terminus) a hydrophobic 
signal peptide (~20 amino acids), a variable region (~360 
amino acids), a homology region (~100 amino acids) which 
can be used to classify the VSGs into one of two homology — 
subsets and a hydrophobic tail (~20 amino acids) that is not 
present in the mature VSG**. Expression of some VSGs is 
accompanied by the production of an expression-linked extra 
copy (ELC) of a basic copy (BC) VSG gene’”*. We have now 
compared the sequence of a cDNA representing an ELC gene 
with its corresponding BC gene sequence. We find that the 
codons specifying the variable region contain nucleotide 
changes at 4% of the positions, while those specifying the 
homology region of the VSG are identical and the 17 codons 
specifying the C-terminal hydrophobic tail contain 11 nucleo- 
tide changes. The 3'-nontranslated region between the termina- 
tion codon and the poly(A) (in the cDNA) is quite different 
in the two sequences. As the trypanosome serodeme contains 
only one BC gene coding for this VSG, point mutations seem 
to be actively introduced into specific areas of the coding 
sequence during the generation of the ELC gene. These point 
changes potentially increase the repertoire of immunologically 
distinct VSGs available to the trypanosome, similar to the way 
in which somatic mutations contribute to the diversity of the 
variable regions of immunoglobulins’. An alternative interpre- 
tation that cannot be completely eliminated is that a second 
BC gene is lost during the generation of the ELC. 

One hundred or more different VSG genes exist in the 
trypanosome genome, and only one of them appears to be 
expressed at a given time (see refs 11~13 for reviews). The 
evidence suggests that this differential expression is controlled 
at the level of DNA transposition/recombination. On the basis 
of Southern hybridization data, these transpositions involve 
either the production of a transcriptionally active ELC from a 
transcriptionally silent BC gene™™' or a rearrangement of 
sequences flanking the 3’ end of a transcribed VSG gene’*””. 
For example, we have recently reported* the cDNA sequences . 
of four VSGs from well-characterized T. brucei clones™ >" that 
are serially related as follows: = 


Z ILTAT 1.3 
ILTAT 1.1 +ILTAT 1.2 S ILTAT 1.4 


Southern hybridization data described previously’ indicated 
that a single BC gene for the ILTAT 1.1 (clone A in ref. 9) 
VSG is expressed via the ELC mechanism. In contrast, the 
VSGs expressed in ILTATs 1.2, 1.3 and 1.4 (clones B, C, D 
in ref. 9) are each specified by a pre-existing gene (one of two 
to four closely related genes) in which rearrangements on the 
3’ side of the termination codon are detected in the different 
trypanosome clones”'*"*, 

The BC gene for the ILTAT 1.1 VSG occurs on a 
2.8 kilobase (kb) EcoRI fragment in the genomic DNAs of all 
four ILTATs while its corresponding ELC occurs in the genomic . 
DNA of only ILTAT 1.1 on an EcoRI fragment of ~20kb 
(ref. 9, Fig. 3). Attempts to iene, the ELCI in a partial Sau3A 


” e atiet snes mmarated meaner ditale settee pema paa x re a i a R 
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Fig. 1 The regions sequenced Eee 

















(indicated by horizontal arrows) in —A e — at smi ala lags Ps nt ac 
the BC gene and the cDNA for the ( YÁ- BASIC COPY GENE 
VSG of ILTAT 1.1. The BC gene t tf: t OA t t + $ oe 
(thick line of upper diagram) is on R DF F D D TF B Hd R l 
a 2.8kb EcoRI fragment that was : : 
ly identified in bacteriophage 5 pi i r a pa i n 
on 4A libraries of ILTAT cDNA 
xpressor library) and ILTAT — tt 
< (non-expressor library) th | 
enomic DNA. The 2.8 kb EcoRI 
fragment isolated from a phage | | 
«clone of each library was subcloned -0 04 £408 1.2 16 20 24 
=. into the EcoRI site of pBR322 for kilobases oe 


oe sequence determination using the 
Maxam-Gilbert technique”? 


‘library of ILTAT 1.1 DNA cloned in bacteriophage A Charon 

=: 28 have not been successful (J. R. Young, P. A. O. Majiwa, 
P. T, Englund, R. O. Williams and J.E.D., unpublished) for 
unknown reasons that may be related to flanking repetitive 
sequences and/or the chromosomal location of the ELC”. 
However, the 2.8 kb EcoRI fragment containing the BC gene 
was found in bacteriophage libraries of all four ILTAT DNAs. 
This fragment was isolated from a phage clone of the ILTAT 
1.1 DNA (expressor) library and an ILTAT 1.3 DNA (non- 
expressor) library and both fragments were subcloned into the 
EcoRI site of plasmid pBR322 for sequence determination via 
the Maxam and Gilbert technique’*. Figure 1 shows the 
-strategies used to determine these two genomic DNA sequences 
= and the sequence of an ILTAT 1.1 VSG cDNA. More than 
_ 95% of the BC gene sequence was determined in the 2.8 kb 
fragment from the non-expressor library (dashed arrows) and 
about 90% in the fragment from the expressor library (solid 
arrows), so that taken together the complete sequence of the 
BC gene could be deduced. No differences were detected in 
the 2,100 nucleotides of each of the two genomic fragments 
that were determined separately, but many differences with the 

ILTAT 1.1 VSG cDNA were found. 

Figure 2 compares the BC gene and cDNA sequences. Boxes 
indicate the non-homologous nucleotides. Also shown is the 
VSG amino acid sequence predicted by the BC gene sequence 
and those amino acids affected by the cDNA differences. The 

= 696 nucleotides preceding the BC gene contain many termina- 
~ tion codons in all three reading frames. A potential initiator 
methionine codon at position 697 is followed by an open 
-translation reading frame of 471 codons which would code for 
a protein in the size range reported for different VSGs"’; this 
suggests that the gene is not split by an intervening sequence. 
The first 15 codons specify a rather hydrophobic N-terminus 
which may be a signal peptide, although this cannot be 
confirmed on the basis of nucleotide sequence alone. The com- 
parison with the cDNA sequence starts at nucleotide position 
1,287 and in the next 450 nucleotides, there are 18 nucleotide 
differences (4% of the nucleotides) which affect 13 of the amino 
acids specified (9% of the amino acids). There is no obvious 
pattern to these changes with respect to either relative position 
or purine versus pyrimidine replacements. No differences occur 
in the next 324 nucleotides but then 11 changes occur in the 
-. last 46 nucleotides before the termination codon. The two 
“ sequences are very different in the 3’-non-translated region. 
-To ensure that these nucleotide differences were not the 
. result of copying mistakes by enzymes used in vitro to construct 
- the cDNA, portions of the sequences of two additional cDNAs 
- containing the ILTAT 1.1 VSG coding sequence were deter- 
. mined (not shown). The same point changes were also present 
<in the other two cDNAs, reducing substantially the possibility 
<> that they were the result of copying or cloning mistakes. Inter- 

































. The dashed arrows show the locations of sequences determined in the 2.8 kb fragment isolated from the ILTAT i 
1.3 (non-expressor) library and the solid arrows sequences determined in the same fragment isolated from the ILTAT 1.1 (expressor) library. 
Parentheses show a region of about 250 bp where the sequence was not obtained. The bottom. diagram shows the restriction sites used to 
determine the sequence of the cDNA. In both diagrams, arrows pointing to the left and right are sequences obtained on the upper and lower: 
strands respectively. Restriction sites labelled by the DNA polymerase I repair reaction’? for Maxam and Gilbert sequencing were EcoRI 
(R), Ddel (D), Hinfl (F), Taqi (T), BamHI (B), Hindili (Hd), Xbal (X), MspI (M) and MspI sites in pBR322 (M*). 


estingly, one of the cDNAs did contain only four adenosines. 
at positions 1,689-1,693 (and four thymidines in the com- ~ 
plementary strand) in comparison with the five adenosines at. 
this location in the other two cDNAs and the two genomic —__ 
fragments. Since other cloned cDNAs with sequence errors. — 
have been reported previously’*”°, it seems likely that this 
single base pair deletion is the result of an enzymatic mistake 
during the synthesis of that cloned cDNA molecule in vitro or 
during its replication after transformation into Escherichia coli. 
Another less likely possibility is the occurrence of incorrect 
VSG mRNA transcription in vive. At the very least, this 
observation demonstrates the hazard of relying on a single 
cloned cDNA molecule to determine a coding sequence. 

Further confirmation that the point changes occur during the -; 
generation of the ELC in vivo was derived from previous. — 
Southern hybridization data which predicted that the ILTAT 
1.1 BC gene contains a BamHI site while the ELC gene does- 
not”. And indeed, the sequence of the BC gene has a BamHI 
site at positions 1,697-1,702 while the cDNA sequence does 
not because of a single nucleotide difference at position 1,700. 
Similarly, Southern hybridizations demonstrate that if there are 
two copies of the BC gene because the parasite is diploid*’, 
then both copies contain a BamHI site while the ELC does 
not. Thus it appears that these nucleotide changes occur during 
the duplication and translocation events that generate the ELC 
from the pre-existing BC. 

Figure 3 shows the locations of the nucleotide changes = 
with respect to the different VSG regions specified. Eighteen 
changes occur in the variable region, none in the homology == 
region, eleven in the hydrophobic tail and many in the 3'-non- > 
translated region which possesses no more homology than — 
would be expected of two random 80% (dA+T) sequences (49 
differences in 84 nucleotides = 58%). 

An alternative explanation of the results is the loss of a 
second BC gene concomitant with the appearance of the ELC 
but this seems unlikely for at least two reasons. Unfortunately 
this possibility cannot be formally eliminated, however, because 
ILTAT 1.1 is the first clone in the ILTAT series to be maint- | 
ained (R. O. Williams, personal communication) so that 
genomic DNA from a trypanosome clone preceding ILTAT 
1.1 is unavailable. However, when ILTAT 1.1 cDNA is used 
as a radioactive probe in Southern hybridizations with genomic 
DNA from T. brucei clones unrelated to the ILTAT series, only 
one BC gene is detected (not shown). In addition there is no — 
evidence that the appearance of ELCs of other VSG genes _ 
being studied by other research groups is accompanied by the © 
loss of a BC gene**"'*. Thus if a second BC gene existed, the 
simultaneous loss of one BC gene and appearance of an ELC 
would represent a third type of DNA rearrangement associat 
with VSG expression. Furthermore, a hypothetical second 
gene still would not account for the confinement of rai 01 





























AGAAATGCAGTGGAATATTYTATACAT TACAACATAACGGTAC TATGCACCTCA ich GCGCGACAGGC KAAAGAATCGTTTRAAAGACGACACAAGTCCTERACACT 
CTGTGCACAGCAGCAA TARAAGGAAGAAAATATGTGGGAAGTA TCCAACGACTAGGACCAGTAGAT TCARCAGGTCACAATCAAATACAGC TYAAAATACACTRATTTAMAATITIC TCG IGTTTTATGIGCGATTATTTGTTCATTTGTGGAAATGCCAGTTAAAGCGGTERTRATAGC 
eee eo a 369 


| l. 2 iL Spt Lk 3 3 . z E ? | 
“CACAGAGGCGCACGATRGAGCACAGGC TAKA TT TRAA TACAAAC TGCAAAACAATTTTCAAGT TARAAGAT TTT TARGCCTCCATCCAAGT TCACCAAMAAT TG TAACGCCAAAAGCAAT CATGGAACAAAAACA TAT TCAAGTTT TGTAAGT TAATT TCACGACAAACCCTIGGGCGCA 
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i ger ieu met leu ieu his ile trp ala ile giu glu ile lys ala glu arg gin ala pro ser val ser arg thr glu cys thr thr pro cys arg cys ala gin arg leu gle iys lew lys lys his cya gin 
“706 CTY ATG TTG CTA CAT ATA TGG GCA ATA GAA GAA ATT AAA GCG GAG CGA CAG GCG CCG TCG GTA TCA CGA ACT GAA TGT ACA ACA CCG TGC CGA TGC GCC CAG CGG CTY GAA AAG CTC AAA AAA CAC TGC CAA 
69 


meet arg val gin thr ala val arg kys gin Iys glu asn giy lys leu ela gin lys leu leu ile gly thr ile thr ser thr aia gly gly gly giu gin thr ser thr ser phe leu lew ser ann ser 
ATG C6e GTC CAA ACG GCA GTG AGG AAA CAG AAA GAA AAC GGC AAA CTT GCG CAG AAG TTA CTG ATA GGA ACC ATC ACA AGC ACC GCC GGC GGT GOC GAG CAA ACT AGC ACC ACT AGC TTC CTT CTC AGT RAC: AGC 
‘gee 


z ger pro thr arg arg giu thr keu glu thr asn gir ala giu ile met ser gin ieu glu his ile ile ala met glu ala gin tyr tyr aia ile leu asn val ser aia thr ser thr asp thr thr iwe asp 
SAGT CCA ACG CGG CGC GAA ACT CTA GAA ACA AAT CAA GCG GAA ATT ATG TCA CAG CTC GAA CAC ATC ATC GCC ATG GAA GCA CAA TAC TAC GCA ATA CTA AAC GTC TCG GCG ACT TCA ACG GAC ACA ACA CTA GAT 
ae, iO? te : 4523 


gly asp giy the gin tyr asn thr gly ser ile thr ser gly gly phe thr val ser lys thr thr glu cys asn thr glu ser pro glu asp thr lys glu pro asp gin thr thr ieu eer lys lys gin gly 
2 BER AE det ACG EAO TAC AAC ACC GGL TCT ATA ACA TCA GGA GGC TTC ACG GTG AGC AAG ACA ACC GAA TGC AAC ACA GAG TCA CCG GAA GAC ACA AAA GAG CCA GAT CAA ACA ACT CTG TCC AAA AAA CAG GGG 
as L254 


Jeu igs asp ieu iys ieu eia leu arg val lys val ala cys lys asn gly giy giy ala cys ser ala aia ser sex ser asp jys ile his iie thr @ 


pu. giy thr asp ser igs ash iys giy thr thr als 
CTAAAG GAC CTC AAG CTC GCT CYC COG GTA AAA GTT GCC TGC AMA AAC GGC GGC GGC GCA TGC AGT GCA GCC AGC AGC AGC GAC AAA ATA CAT ATA ACG ACG GAC AGC AAA AAC AAA GGG G GCC 
A GTT GCC TGC AAA AAC GGC GGC GGC GCA TGC AGT GCA GCC AGC AGC AGC GAC AAA ATA CAT ATA ACG GAA ACG GAC AGC AAA AAC AAA GGG 6 Set 
iie thr ala 
1489 


ae íle vai agn trp iys wer gap his ile asp ser aun tiie thr ala ieu ala asn ala lew thr aia lew asp ser ile. pro agp 
oo. AGC ACG ATG TCL CAA AAC ACA GCG GTC GCA TTC GCA ACG CAG ATT TOG AAA AGC CAC ATA GAC AGC AAC ATA ACG GCT TYG GCG AAT GCC TTA ACA GCA CTA GAC AGC ATT COT GAC 
AGE ACG ATG TCE CAA AAC ACA GCG GTC GCA TTC GCA ACG CAG ATT AAA AGC 

gay 


ser thr met ic ser gin asn thr ala val alia phe ala thr agp i 
asp giu pre 


CAC ATA GAC AGC AAC ATA ACG SCT TTG GCG AAT GCC TTA ACA GCA CTA GAC AGC ATT CCT GAC 
re} 


a ieu thr asp pro ja ala tyr thr ale asp ala ale phe igs gin leu val ala thr wai thr leu asn ige pro pro thr thr gie lew thr gly glu val lèu asp ala val ast ary ata cys ala aap asn 
= ETE ACA GAC COA GCT. TAC ACA GCA GAC GCG GCG TTC AAA CAA CTA GTA GCC ACA GTA CTC AAC CCG CCA ACC ACG GAG CTA ACC GGA GAA GTT CTA GAC GCA GTA AAC AGA GCA TGT GCC GAC AAC 
CYC ACA GAC CCA JADG GCT TAC ACA GCA GAC GCG GCG TIC AAA CAA CTA GTA GCC ACA GTA KES CYC AAC CCG CCA ACC ACG GAG CTA ACC GGA GAA GTT CYA GAC GCA GTA AAC AGA GCA TOT GCC GAC AAC 
thr ala aye W59 
tyr gly thr ser ala ser glu lew thr thr lys ile trp asp pro lau aan giv gin ala ala ser tyr tyr ser aap lys thr ile lys thr asp gin teu dys ieu ieu thr ser asn gin gin leu thr thr 

TAC GGA ACC TCG GCA AGC GAG CTG ACG ACA AAA ATT TGG CCG RIA AAT GAA CAGREG GCC AGC TAC TAC AGC ABA ACT ATC AAA GAC CAA CTA AAG CTA CTA ACA AGC AAC CAA CAG CTG ACA ACT 
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Fig. 2 Comparison of the coding strands of the BC gene (upper sequence) and the cDNA (lower sequence beginning at nucleotide 1,287) 
and the corresponding amino acid sequences predicted by the two nucleotide sequences. Boxes indicate nucleotides that differ in the two 
sequences, The amino acids below the cDNA are predicted from the cDNA sequence at locations where the cDNA and BC gene sequences 
differ. At all other locations the predicted amino acids are the same. ***, The termination codon at the end of the basic copy gene. The 
numbers above the first 696 nucleotides before the start of the BC gene indicate in which of the three reading frames the termination codons 
| occur. The BC gene itself is in reading frame 1. 





- point changes to only the sequence coding for the variable an 
a hydrophobic tail regions (see next paragraph). . 


. Therefore the simplest interpretation of the data is that the 


mutagenesis seems the most feasible explanation for this one 
example, sequence comparisons of other BC genes with their. 
ELCs or cDNAs are needed to confirm its occurrence. : 


F “2 3 l i i l 3 ; l 2o Pi i í T met val lys ala ile ala 7 
: . GAACTCAAAATTGTARATAATTACGCCTACCARCGCAAAACATORAAAAAC TAGL TAC TCAGCAC TAAAAAAGA TEKAAAAAACACAAAAGGCGCATTCTGTCC TACT TARCTSCAGGC AGCGCAGCACTCGCAATAATCAAAGACAGAMAACAA ATG GTG AAA GCA ATA GCG 


generation of the ELC involves (1) a homologous recombina- 
tional event at a site just before or including the region coding 
for the hydrophobic tail and (2) a DNA polymerase system that 
*plicates with low fidelity during the duplication event. Unex- 
lained is the absence of point mutations in the homology 
region. If nucleotide changes were introduced with the same 
equency here as in the variable region (4%) one would expect 
about 13 differences instead of none. Thus it seems unlikely 
that this region has escaped mutation just by chance although 
this possibility cannot be eliminated on the basis of this one 
example. Other possibilities are that a localized mutagenesis 
mechanism exists which does not act on this area or that 
mutations in this area are lethal because they result in a VSG 
_ that is non-functional. The latter possibility also seems unlikely 


















. _ changes and even deletions are tolerated. Although localized 


because we have shown previously’ that, although the homology . 
region is highly conserved in VSG subsets, many amino acid 


Although the mechanism(s) that generate(s) these mutations _ 


+ 


540 


may be obscure, their biological significance is not. In influenza _ 


virus, a difference in less than 5% of the amino acids of the 
surface antigen is sufficient to change the antigenic specificity”. 


Therefore the trypanosome mutations could potentially 


increase the repertoire of immunologically distinct VSGs that 


are coded for by a limited number of different genes. They may 


in fact generate virtually an infinite number of potential VSGs 
for the trypanosome in the same way that somatic mutations 


are responsible, in part, for the immense diversity of antibodies © 


generated by lymphocytes in the immune response (for a recent 
review, see ref. 10). These somatic mutations in the V segments 
of antibody genes occur in both the hypervariable regions and 
the framework residues and sometimes occur during the isotype 
switch from one constant region gene to another”, so they may 
be introduced by a different and less localized mutation than 
the changes described here in the generation of the ELC. The 
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© two mutational processes are similar, however, in that there is 
no simple preference for purines or pyrimidines and some 
mutations are silent. Both processes are clearly important for 
generating the diversity of amino acid sequences found in the 
two types of protein. 

Van der Ploeg et al.” have recently reported from Southern 
__ hybridization data (see below) that the DNA segment dupli- 
_ cated and translocated to generate the ELC of another VSG 
~“. gene, VSG 117, begins 1-2 kb before the start of the BC gene. 
.. If the ILTAT 1.1 system is similar, then the 696 nucleotides 
_ ‘reported here that precede the initiator methionine codon prob- 
ably do not contain the 5’-recombination site. Indeed, by inspec- 
< tion or computer searches, we have been unable to identify a 
sequence that resembles switch sites of immunoglobulin genes 
or the yeast mating-type locus**"’’, sequences common to other 
eukaryotic transposable elements***’ or bacteriophage ‘Chi’ 
site sequences*’. The sequence of another 300 nucleotides 
upstream has been determined (from the left-hand EcoRI site 
shown in Fig. 1) but is not shown in Fig. 2 because it is not 
contiguous with the sequence presented. This 300 nucleotide 
»,, Sequence, which is within 1-2 kb in front of the BC gene, also 
. does not contain an obvious potential recombination site, 

_. Bernards et al.*' have reported a partial sequence comparison 
Of the BC gene of VSG 117 and its corresponding cDNA which 
_ includes the hydrophobic tail and 3’-non-translated regions, 
“but not the homology region or variable region. The VSG 117 

system, like ILTAT 1.1, exhibits nucleotide changes in the 

hydrophobic tail region. Some of these changes, however, are 

nucleotide additions in the cDNA relative to the BC gene, a 

feature not present in the ILTAT 1.1 system. Another 

difference is that the VSG 117 system exhibits substantially 
more homology in the 3'-non-translated regions of the cDNA 
and BC gene than does the ILTAT 1.1 system. The significance, 
if any, of these differences is not known. Recently, Frasch et 
„al reported Southern hybridization studies that suggested the 
Occurrence of ‘local hypermutagenesis’ in subsets of closely 
related (cross-hybridizing) VSG genes which may correspond 
_ to the localized mutagenesis observed in the variable region of 
= the ILTAT 1.1 BC gene (Fig. 3). Thus the occurrence of 
~ mutations during the generation of ELCs may be part of a 
general property of the entire VSG gene family, further demon- 
strating the intricate mechanisms that evolved in trypanosomes, 
permitting them to evade their hosts’ immune defences. 
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Malignant transformation of cells by acute transforming RNA 


tumour viruses is mediated by the expression of certain specific ; 


proviral DNA sequences (‘oncogenes’), These sequences have 
been well characterized and, in many cases, molecularly- 


cloned’. These viral oncogenes are related to similar genes 


found in normal uninfected cells”"*, Moreover, these particular 
sequences are highly conserved in evolution*”’, suggesting that 
these genes have an important, albeit unknown, role in normal _ 
cell function. It has been suggested that an increased dosage — 
of products of such endogenous oncogenes may be responsible - 


for malignant transformation’®’*’, For example, increased | 


expression of the endogenous chick c-myc oncogene has been 
observed in avian leukosis virus-induced transformation of 
chick bursal lymphocytes”. Here we demonstrate that sequen: 


ces in normal human DNA homologous to the avian myc . i 
oncogene are present in multiple copies in the chromosomal 
_ DNA of the human leukaemia cell line HL-60. Other transfor- — 


mation-specific genes derived from the Abelson leukaemia ~ 
virus* and feline sarcoma virus“ are not amplified in HL-60. 
This myc-related gene amplification is not present in other _ 
cultured human myeloid leukaemia cells, including K-562"* and 
KG-1*, Ei 
The HL-60 cell line is a culture of malignant promyelocytes 
derived from the peripheral blood leukocytes of a patient wit 
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Fig.1 myc-related sequences in DNA of HL-60, normal human 
and avian cells. Cells analysed included: a, normal human cells 
-obtained by PHA stimulation of peripheral blood mononuclear 
cells from a normal human donor, 6, HL-60 cells, passage 40, 
cultured as previously described ‘6. © normal quail embryo fibrob- 
lasts; d a cloned subline of quail embryo fibroblasts non-produc- 
tively transformed with the MH; virus (a member of the MC-29 
family of avian retroviruses) and obtained from M. Linial. DNA 
from these cells were restricted with the designated enzymes, 
subjected to agarose gel electrophoresis (1.2%) (10 ug of DNA 
per lane) followed by Southern blot hybridization?’ using a 2p. 
labelled probe prepared by nick translation’’ of the c-myc probe. 
c-myc is a 3.3-kb Sst fragment obtained from a bacteriophage 
clone of c-myc that was isolated from a library of random chicken 
DNA fragments. This fragment encompasses almost the entire 
c-myc locus as detailed elsewhere”. The c-myc Sst fragment was 
subcloned in a derivative of pBr322 containing a single Sst site. 
Hybridizations were carried out in 50% formamide, 10% dextran 
sulphate 3 x SSC at 42 °C. Following hybridization, the filters were 
washed in 0.1% SDS, 0.1x SSC at 50°C and then exposed to 
Kodak XAR-5 film with intensifying screens. All blots were 
exposed for 72h. Molecular weights of fragments are given in 
kilobases. 


= acute promyelocytic leukaemia“. DNA samples extracted from 
- cells of this line and from phytohaemagglutinin (PHA) stimu- 
lated peripheral blood lymphocytes from a normal donor were 
digested with restriction endonucleases, separated by elec- 
- trophoresis on agarose gels and transferred to nitrocellulose. 
The resultant blots were hybridized to a *’P-labelled DNA 
probe specific for the chick c-myc gene, the cellular homologue 
of the transforming sequences of acute transforming retro- 
viruses within the MC-29 family'’'*. This c-myc probe gave 
faint but distinct bands when hybridized to various endo- 
nuclease digests of normal human DNA (Fig. 1a), indicating 
homology between certain sequences within the human genome 
and the chick c-myc probe, as reported by others'’. From the 
` game blot, bands of identical size were noted in endonuclease 
- digests of HL-60 DNA, but the intensity of hybridization was 
‘much greater (Fig. 15). The total amount of normal human and 
HL-60 DNA loaded in each lane was the same for all DNA 
` preparations (10 pg). Moreover, when the same normal and 
> HL-60 samples were hybridized with other **P-labelled probes, 
_ bands of similar intensity were noted in both normal and HL-60 
© DNA (Fig. 2). This indicates that the enhanced hydridization 
of the c-myc probe to HL-60 DNA is not a result of differences 
in the amount of DNA loaded on the gels. 
. The intensity of hybridization of the c-myc probe to HL-60 
< -DNA is comparable with that noted in DNA extracted from 
normal avian cells and from avian cells infected with the acute 
< transforming MH, virus (Fig. 1b-d). However, the similarity 
_ „in restriction patterns of HL-60 and normal human DNA using 
the c-myc probe (Fig. la, b) makes it unlikely that the intense 
hybridization seen with HL-60 DNA is a result of inadvertent 
*infection of HL-60 cells with a retrovirus such as MH, contain- 
ing myc sequences or of contamination of HL-60 DNA with 
avian DNA. 


The increased hybridization of the c-myc probe to HL-60— 
DNA compared with normal human DNA could be the result 
of either multiple copies (amplification) in HL-60 cells of the 
endogenous human sequences homologous to c-myc or to 
increased homology of these endogenous HL-60 c-myc-related 
sequences to the chick c-myc probe. The similarity in restriction 
enzyme patterns of HL-60 and normal human DNA hybridized- 
to c-myc (Fig. 1) indicates that HL-60 and normal human 
myc-related DNA sequences are similar. Therefore, this 
increased HL-60 hybridization to c-myc most probably results 
from amplification in HL-60 DNA of c-myc -related sequences. 
To confirm this, we ‘dot-blotted’ serial dilutions of HL-60, 
normal human and avian DNA onto nitrocellulose as previously 
described”°, hybridized the filter with “*P-labelled c-myc probe, 
and then estimated the melting point of the resultant hybrids 
by washing the filters at progressively higher temperatures (Fig. 
3). If the enhanced hybridization of HL-60 DNA to the c-myc 
probe results from increased homology of myc-related HL-60 
sequences to this probe, the melting points of avian and HL-60 
c-myc hybrids should be similar. Alternatively, if endogenous 
myc-related genes are amplified in HL-60, then the melting 
points of HL-60 and normal human DNA-myc hybrids should 
be similar and should be lower than that seen with avian DNA. 
As demonstrated in Fig. 3, the intensity of hybridization of the 
myc probe to equal quantities of HL-60 and avian DNA is 
similar, but both HL-60 and normal human DNA c-myc hybrids 
are denatured at lower temperatures than avian DNA c-myc 
hybrids. The relative denaturation of both HL-60 and normal 
human DNA hybrids at a given temperature appears similar 
(Fig. 3). These results indicate that the enhanced hybridization 
of the c-myc probe to HL-60 DNA is a result of HL-60 
amplification of the endogenous human myc-related sequences 
rather than to increased homology of these sequences to the 
c-myc probe. Moreover, one can estimate by comparing the 
intensity of hybridization of the c-myc probe to serial dilutions 
of HL-60 and normal human DNA (Fig. 3) that c-myc related 
sequences are amplified some 8-16-fold in HL-60 DNA com- 
pared with normal human DNA. 

Identical restriction fragments are noted when the c-myc 
probe is hybridized to normal human and HL-60 DNA digested 
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Fig.2 Absence of amplification of non-myc sequences in HL-60 
DNA. DNA samples from HL-60 cells and from PHA-stimulated 
normal human lymphocytes were digested with the designated 
enzymes, electrophoresed in 1.2% agarose (10 pg DNA per lane), 
and Southern blot hybridized to the indicated **P-labelled probes 
in conditions described in Fig. 1 legend. The abi probe contains 
the transforming sequences of Abelson leukaemia virus’. The fes 
probe contains the transforming sequences of the feline sarcoma 
virus’. The RIH probe is a 0.5-kb clone containing flanking 
sequences between the human y and ð globin genes”. 
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Fig.3 Melting points of HL-60, normal human and avian DNA 
c-myc hybrids utilizing ‘dot-blot’ analysis. DNA samples obtained 
from HL-60 cells, PHA-stimulated human lymphocytes, quail 
embryo fibroblasts and quail embryo fibroblasts non-productively 
transformed with the MH, virus were treated with RNase A 
(Sigma) at 50 pg ml for 20 min at 37°C and then serially two 
fold diluted followed by denaturation in 1 M ammonium acetate 
and 0.2 NaOH as previously described”. The indicated quantities 
of DNA were then applied to a nitrocellulose filter, previously 
soaked in 1 M ammonium acetate, using a ‘Hybri-Dot’ manifold 
(Bethesda Research Laboratories). The filter was then hybridized 
to. the c-myc probe, in conditions described in Fig. 1 legend. 
Following hybridization, the filter was washed in 0.1% SDS, 
0.1 x SSC at 50 °C for 20 min, and then exposed for 24 h to XAR-5 
film (Kodak) at — 70°C. Following this initial exposure, the filter 
on consecutive days was washed for 20 min in 0.1% SDS, 0.1 x 
SSC at progressively higher temperatures as indicated. After each 
wash, the filter was reexposed for 24 h to XAR-5 film. 


with other enzymes, including Kpn, EcoRI and HindIII, 
~ although in every case the intensity of hybridization to the 
:: HL-60 DNA is much greater (blots not shown). As some of 
-these enzymes presumably cut in sequences flanking, as well 
< as within the human myc gene, the identical restriction patterns 
suggest that the myc-containing chromosomal unit amplified 
in HL-60 may be relatively large. This has. been previously 
noted with amplified CAD*' and DHFR” genes, where the 
amplified unit seems to be ~ 500-—1,000 kilobases (kb). Thus, 
as in the examples of CAD and DHFR, it may be difficult to 
determine by restriction enzyme analysis of HL-60 cellular 
DNA whether myc amplification in HL-60 is tandem or non- 
tandem. 

The myc amplification in HL-60 is not a result of hyper- 
diploidy of the myc-containing chromosome because this cell 
line is hypodiploid (modal chromosome number of 45) and 
exhibits no hyperdiploidy of individual chromosomes”. 
- However, we have noted that some HL-60 metaphases contain 
-double minutes and we are now attempting to determine 
whether these chromosome structures contain amplified myc - 
: related sequences. 
< Hybridization of HL-60 DNA to other ‘ oncogene’ probes 
- derived from the Abelson leukaemia virus“ and the feline sar- 
“coma virus’ gives a pattern and intensity of hybridization similar 
‘to those of normal human DNA (Fig. 2a, b). Moreover, the 


> emye prabe, alien hybridized i to endonuclease digests of DNA 


from the human myeloid leukaemia cell lines K-562'* and- 
KG-1"° as well as to digests from several fresh leukaemia cells, 
exhibits a pattern and intensity of hybridization similar to those 
of normal human DNA (blots not shown). This preliminary 


screen suggests that amplification of endogenous human c-myc- 
related sequences may be an unusual phenomenon in both — 


cultured and fresh human leukaemia cells. 

Current speculations on the origin of cancer suggest that : 
malignant transformation may result from the enhanced. ; 
expression of certain normal cellular genes'™!'>", Indeed, in 


<- the case of avian retrovirus-induced bursal lymphomas, : 


increased amounts of c-myc RNA as well as amplification of ` 
myc -related chromosomal DNA sequences have been repor- © 
ted'?*. While the. levels of myc-related RNA in HL-60 cells. 

and other normal or leukaemic human cells have not been- 


rigorously defined, our own unpublished observations (in col- ` 


laboration with Paul Neiman) and the results of others’? 
have revealed relatively high levels of myc-related RNA ` 
sequences in HL-60. In addition, high levels of myc-related 
RNA have been observed in other leukaemic cells in which the 


myc gene is not amplified (S. Astrin and P. Neiman, personal . 
communications). Thus, these observations may indicate that |. 


increased expression of this gene may follow at least two path- 
ways, One involving amplification of c-myc DNA (under no - 
obvious selective pressure), and another resulting from 
increased transcription or stabilization of transcription products. 
from one copy of this gene. It is also possible that the 
amplification of c-myc observed in HL-60 is a normal develop- 
mental process in granulocytic differentiation, and that HL-60 
represents a specific maturational compartment of these cells, 
arrested in this state’. 
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We have used a probe (pAS-1) to the human urea cycle enzyme 
argininosuccinate synthetase (AS) to detect individual variation 
in restriction enzyme digests of haman DNA from lymphocytes, 
- fibroblasts and transformed cell lines (including HeLa). pAS-1 
-is a 1.55 kilobase (kb) sequence of cDNA from poly(A)” RNA 
cloned in pBR322; it represents more than 90% of the AS 
: message’ . At least 15 genomic fragments are detected with 
pAS-1 in DNA digested with restriction enzymes recognizing 
- 6-base sequences’. This multiplicity of fragments is explained 


. in part by the observation that AS-like sequences are found 


on more than seven human chromosomes’. We report here 
population data and gene dosage experiments demonstrating 
an AS-like sequence on the human Y chromosome and 
-confirming an AS-like sequence on the human X chromosome. 

The pAS-1 probe was isolated by plasmid-selected mRNA 
translation and immunoprecipitation from a bank of cloned 
human cDNA. The cDNA recombinants were prepared in 
pBR322 plasmid using sucrose gradient-enriched MRNA from 
a canavine-resistant colony of the human cell line RPMI 2650. 
The translation product of mRNA selected by pAS-1 has the 
immunological properties, molecular weight and substrate 
specificity of human AS’. 

Human genomic DNA produces more than 15 AS-like frag- 
ments when digested with restriction endonucleases recognizing 
6-base sequences and more than 25 fragments when digested 
with 4-base enzymes (Figs 1, 2; Table 1). Restriction analysis 
with pAS-1 of human—hamster cell lines containing one or two 
human chromosomes demonstrates that AS-like sequences are 
found on several human chromosomes including chromosomes 
6,9 and X (ref. 3). (The human AS structural gene is tentatively 
assigned ** to 9q34.) The multiplicity of separable DNA frag- 


ie “ments and the wide chromosomal dispersion of AS-like sequen- 


ces makes pAS-1 an excellent probe for restriction site variation 
in human populations. 

In a population survey of restriction site variation, we isolated 
DNA from more than 50 individuals, digested the DNAs with 
“a panel of six restriction enzymes and probed with pAS-1 
following agarose gel electrophoresis and Southern transfer (see 
Fig. 1 legend for details). DNA was from peripheral blood 
lymphocytes (n = 37), fibroblasts (12), lymphoblasts (4) and 
transformed cell lines (RPMI 2650 and HeLa). Considerable 
_. population variation was detected but this was independent 

< of the type of cell from which the DNA was isolated. Four 
enzymes, BamHI, Hindll, HindIll and MspI, revealed indepen- 
‘dent, high-frequency polymorphic variation in restriction frag- 
‘ments from more than one human autosome. This variation is 


described elsewhere (S.P.D., R.S.W., N. Hoffman and T-S.S., 


‘in preparation). 

A more striking type of variation is apparent in digests with 
‘BamHI, EcoRI, KpnI and MspI: one or two fragments are 
‘always present in males and always absent from females (Table 
1; Fig. 1). BamHI, EcoRI and KpnI (6-base enzymes) produce 
one male-specific fragment and MspI (a 4-base enzyme) pro- 
duces two such fragments. We have observed male-only trans- 
mission of these fragments in several three-generation families. 


© Male-specific fragments were also observed in chimpanzees, 


comparing two male and two female DNAs hybridized with 
pAS-1. 





* Present address: Center for Demographic and Population Genetics, University of Texas 
Health Science Center, PO Box 20334, Houston, Texas 77025, USA. 











7 The most prol ) ble i explanation for this ual dimorp ism. 
is the presence of an AS-like sequence on the Y chromosome. 








To confirm this possibility we compared restriction digests of 


DNA from normal males and from an adult male with an XYY 
karyotype. (Peripheral blood lymphocytes were used for both 
DNA and karyotype determination. All of ten cells typed were 
XYY [Cytogenetics Laboratory, Baylor College of Medicine].) 
Table 2 shows mean-normal microdensitometry values of the 
autoradiographs produced in this and related experiments. For 
the BamHI digest the only significant difference between the 
normal and XYY male is that the putative Y band (2.45 kb) is 
nearly twice as dense in the latter, suggesting that roughly twice 
the normal amount of DNA is present. The male-specific frag- 
ments produced by other enzymes (Table 3) are also 
significantly denser in the XYY DNA. One XX male fibroblast 
line tested (GM 2626, Human Genetic Mutant Cell Repository, 
Camden, New Jersey) did not produce a male-specific fragment. 
There is one difficulty with this hypothesis: two enzymes, 
Hindlll and PstI, produce no apparent male-specific fragment. 
Double digests with HindIII plus PstI also show no difference. 
We have since tested a few DNAs with four additional enzymes. 
Two of these enzymes, BglII and SstI, do produce male-specific 
fragments and two, BclI and HindIl, apparently do not. The 
most likely explanation for this discrepancy is that male-specific 
fragments are present in these digests but are obscured by the 
multiplicity of other fragments. In the typical X ray picture, 
20% of the region from 1.0 to 50 kb contains bands that would 
obscure additional nearby bands unless they are unusually 
dense. In general, the putative Y bands are relatively less dense 
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Fig. 1 Human genomic DNA digests probed with 32p_pAS-1: 
enzymes producing male-specific fragments. DNA was prepared 
from 30 cm? of EDTA-whole blood by recovery of white blood 
cells from ammonium chloride/ammonium bicarbonate and diges- 
tion at 37 °C for 18 h with proteinase K and 0.1% SDS in 50 mM 
Tris buffer, pH 7.8. DNA was extracted twice with buffer-satur- 
ated phenol and precipitated i in ethanol, resuspended and digested 
1.5 hat 37 °C with RNase A, re-extracted with phenol and dialysed 
extensively against 10 mM Tris, 0.1 mM EDTA, pH 7.6 (ref. 17). 
Digestions were 5 pg DNA with 10-40 U restriction enzyme at 
37°C for 6h. DNA was separated in 0.8% agarose gels, blotted 
onto nitrocellulose by Southern transfer and hybridized at 65°C 
for 36h with 8x 10° d. dpm. per lane of pAS-1 L (plas smid insert 
only) labelled with “P by nick-translation* Hybridized 
nitrocellulose was washed at 65 °C with 0.1% SDS and decreasing 
amounts of sodium chloride /sodium citrate (2 x SSC to 0.5 x SSC). 
Autoradiography was for 4 days at -70°C on Kodak SB-5 X-ray 
film using a DuPont Cronex enhancing screen. Higher-stringency 
conditions (70 °C, 0.1 x SSC) also produce a faint Y-chromosome 
fragment. F, female; M, male, Labelled bands are X- and X 
chromosome fragments (in kb); see Table 3. 
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Table 1 Number of individuals with male-specific fragments detected 
eke eG - g with pAS-1 









Tot 


Msp! Hind Pstl 


Kpni 





Enzyme BamHI EcoRI 


ino 





17 18 16 25 19 16 


+ — + — + — + None None 


020 O17 014 O17 20 15 
30.0 23 0 16 0 18 0 31 22 


2 <: +, Fragment present; —, fragment absent; none, no male-specific 
~~ variation observed. g 


than other bands in the same lane so it is unlikely that micro- 
densitometry alone would detect a male-specific band (Fig. 1; 
Table 2). (Such density differences may reflect differences in 
_ the extent of hon ology between particular fragments and pAS- 
I or differences in the length of homologous sequences.) As 
_. no other known biological mechanism would account for these 
~ male-specific fragments and since it is certain that some frag- 
„ments will occasionally obscure other fragments, we believe 
_ that all enzymes produce a Y-chromosome fragment containing 


an AS-like sequence but that these fragments are not always 


detectable by our methods. 
= Microdensitometry reveals another type of sexual dimor- 
phism in genomic digests probed with pAS-1: one or two 
fragments are always denser in females than in males (Table 
2). This is consistent with the assignment of an AS-like sequence 
to the human X chromosome using somatic cell hybridization’. 
Confirmation by microdensitometry is provided by DNA from 
a human XO (Turner’s syndrome) fibroblast line (GM 857) and 
_ an XXXX fibroblast line (GM 1415). The putative X fragments 
- are of equal density in males and in the XO DNA, significantly 
denser in normal females and most dense in XKXX DNA 
_ (Table 2). 
_ Note that although the density ratio of the BamHI Y fragment 
< (2.45 kb), comparing normal male with XYY male DNA, is 
~ 1:2 as expected, the ratio of the X fragment (7.3 kb), compar- 
ing normal male with normal female with XXXX female DNA, 
is 1:1.6:1.8, not the expected 1:2:4. (The XXXX karyotype 
was confirmed by Barr body determination on cells of the same 
passage as those used for DNA preparation.) The X-fragment 
differences, though, are statistically significant and in the correct 
direction. Conversely, the density of autosomal fragments. do 
not differ between males and females. With such complex 
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factor’ is most certainly on the Y and is associated with the Y 


Table 2° Mean-normal microdensitometry data 
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Fig. 2 Human genomic DNA digests probed with **P-pAS-1; g 
enzymes failing to produce male-specific fragments. Methods as 
for Fig. 1. Labelled bands are X-chromosome fragments (in kb); 

see Table 3. M, male; F, female. a 


patterns it is possible that an autosomal fragment underlies the- 
X fragment in BamHI digests; this is the most likely explanation 
for the discrepancy in X-fragment ratios. Because DNA trans- 
fer, hybridization and autoradiography are generally non-linear = 
processes, determination of absolute DNA concentration by 
microdensitometry is not reliable. In this application, though, 
with identical internal standards (autosomal fragments) and a 
sufficient number of controls, microdensitometry is very 
effective at detecting relative differences in fragment copy num- _ 
ber. chee 
Table 3 lists the molecular weights (in kb) of the Y-chromo- eS 
some and X-chromosome fragments detected in genomic. — 
digests and by microdensitometry. : 
Although Y-chromosome DNA represents ~1% of the total 
human genome, very few single gene traits have been mapped 
to this chromosome. ‘Hairy ears’ has been ascribed to the Y 
but this assignment is. controversial®’, A ‘testis-determining 


histocompatibility antigen (H~Y)*. The structural locus for the. s 


EeoR Hindit 





Female Male _ 


















































i KO Female Male Coon. 
kb n= 7 n=13 3* ol 1 kb 23 ns > ky n=d n=1Q... 
50 4.9+1.2 4.8 +08 4.70.2 4.7 3.8 31 4.3+1.0 5.0+0.3 32 3.80.5. 3841.0 
30 8.6+1.2 8.7+0.8 6.5+£0.7 47 6.6 19 6.2+0.8 3.40.5 27 5.7+0.4 5.7405 — 
18 11.2+1.2 10.6+0.9 10.7+0.7 10.2 11.8 15 5.1+0.8 4.6+0.4 20 45408 4640.6 — 
15 11.5413 11.441.5 12.440.7 11.0 12.7 11 8.7+0.1 8.0+0.3 16 3.9+0.6 3.90.7 — 
13 9.1+0.8 9.7411 10.7401 99 10.8 10.5 9.8+0.1 9.4+0.8 11 2.5403 2.2404. — 
11 9.4+1.1 9.8+0.9 10.2+0.5 9.9 9.4 9.5 10.5+0.2 10.2+0.8 9.5 3.2+0.3 2.9+0.8 
10.8 9.9+1,2 10.6+ 1.2 11.1403 10.5 9.9 9.0 9.1+0.9 9.0+1.0 8.6 5.8+0.8 6.141.0°: 
10.1 6.1+0.9 5.70.7 6.40.9 7.5 6.6 17 12.0+0.6 12.0+1.2 8.2 5.8+0.6 6.0£1.0 © 
8.9 6.1413 7341.4 7840.3 aa 6.1 6.9 7.7+0.3 7.6+£0.2 7.3 10.2+0.3 10:9411. 
8.1 4.5421 4.342.2 3.3402 $5.0 4.7 6.2 1.140.2 1.5404 7.2 10.1+0.4 10.3414. 
73 9.9+14 6.3+£0.7- 6.5406 6.4 113 5.6 1.7+0.0 1.9+0.6 6.6 9.0+0.5 7.3407 
5.9 3.2+0.7 2.70.7 2.0403 39 2.8 4.3 0.0 3.720,9 6.1 7.5+0.2 7.2405 
5.5 3,140.6 2.8+0.7 1.74£0.2 3.6 3.3 4.0 1.6+0.1 2.9403 3.9 3.94 1.2 4,043.0. 
38 1.6+0.5 1.3+0.8 0.6+0.2 1.9 0.5 3.7 2.0+0.1 2.3+0.5 3T 2.141.6 2.323 
E. 0.0 2941.2 5.0+1.0 0.0 0.0 3.4 5.2+0.2 5.10.7 2.5 2.00.5 2105 
z 7 H 3.0 9.9+0.2 9.0+0.2 2.1 7140.3 7.20.5. 
1.6 4.0+0.2 4.0+0.6 1.9 7.0+0.2 7.30.6 
1.4 4.9+0.3 §,2+0.9 





iographs were scanned with a Helena Laboratories Microdensitometer. Values were normalized by dividing each peak height by the sum of all peaks in i 
Data storage and analysis were done on an Apple H microcomputer. Values. are arithmetic mean + 1 s.d. Putative X and Y fragments are underlined. Th 
ial polymorphism of the BamHI 8.1 kb fragment and of the HindIII 2.7 and 3.9 kb fragments. All BamHI individuals in this table are 8.1*: all Hi 













in are 3.9°/2.7*. Some very faint fragments are not included. 
` * Replicates. IE 




























































y of molecular weights (in kb) of sex-specific DN 
fragments detected with pAS-1 
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BamHI EcoRI HindIll Kpnl Mspl PstI 


Y chromosome 2.45 4.3 = 18 109,77 — 
X chromosome 7.3 19 6.6 13.5 2.54 1.8 
Sa a et 

Assignment of Y-chromosome fragments is based on male-specific 
bands detected in genomic digests; —, none detected. Assignment of 
© X-chromosome fragments is based on microdensitometry and human- 
hamster hybrid cell lines. 


H-Y antigen itself, though, may be on another chromosome 
with regulatory loci on the X and Y°. Genes controlling embry- 
onic gonadal differentiation, spermatogenesis and height have 
also been assigned to the Y*°; these may or may not be indepen- 
dent of the other factors. At best it is reasonable to ascribe 
only four or five mendelian traits to the Y chromosome. 

An explanation for the disparity between the amount of DNA 
present on the Y and the paucity of convincing gene assignments 
is that at least 50% of the Y is non-functional heterochromatin. 
There is considerable cytological variation in human hetero- 
chromatin, usually resulting in heritable differences in the size 
of the Y''. At the DNA level at least two male-specific mid- 
repeat sequences are detectable with HaellI (or BSu) diges- 
tion’*3. The heterochromatin and mid-repeat sequences are 
present on the ‘inactive’ long arm of the Y, whereas genes 
involved in sexual differentiation map to the short arm 
apparently. With the exception of heterochromatin differences 
(and hairy ears possibly), no polymorphic variation in either 
Y-chromosome DNA or genes has been reported in humans. 

Our observation of a Y-chromosome restriction fragment 

containing an AS-like sequence in humans may provide a 
unique tool for probing Y-chromosome organization and func- 
tion. It is highly probable that polymorphic restriction site 
variation will be detected with at least one of the dozens of 
restriction enzymes currently in use. These considerations also 
apply to the AS-like sequence on the X chromosome, though 
in this case excellent polymorphic markers are already known 
and many DNA probes are available’*. 

The relationship between the AS structural locus and AS-like 
sequences on the X and Y chromosomes is not yet known in 
detail. The sequences are short relative to the structural locus 
but they contain sequences homologous to both 3’ and 5' 

`= portions of pAS-1 (ref. 3). This arrangement is compatible with 
. pseudogenes that lack introns'*"*. The extraordinary dispersion 

of the AS-like sequence to both X and Y chromosomes and to 
several autosomes is unprecedented and intriguing. 

We thank Nancy Hoffman for technical assistance. This work 
was supported by NIH grant GM 27593, NIH fellowship GM 
08199 and grants from the Faculty Research and Fellowship 
Support Committee, Baylor College of Medicine and the 
O’Brien family of Houston, Texas. 
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Archaebacteria have recently become of interest in studies on 
the phylogeny of organisms, for they are quite different from 
true bacteria as well as from eukaryotes and are thought to be 
derived from a separate primary line of descents from true 
bacteria’. This conclusion is based mainiy on nucleotide 
sequence analysis of 16S ribosomal RNA by Woese and his 
co-workers, and other genotypic and phenotypic analysis of 
archaebacteria. To obtain more information on the phylogeny 
of archaebacteria, we examined the nucleotide sequences of 
their initiator tRNAs, because much information is available 
on initiator tRNAs of various organisms, and distinct differences 
have been found between the sequences of initiator tRNAs of 
prokaryotes and eukaryotes’. We have now determined the 
nucleotide sequences of initiator tRNAs from Sulfolobus 
acidocaldarius, Halococcus morrhuae and Thermoplasma 
acidophilum, and have found that they have a common unique 
structural feature that differs from both true bacterial initiator 
tRNAs and eukaryotic initiator tRNAs. 

Initiator tRNAs from S. acidocaldarius, H. morrhuae and T. 
acidophilum were purified from unfractionated tRNA by suc- 
cessive column chromatographies of DEAE-Sephadex A-50, 
BD-cellulose and RPC-5 (refs. 3,4). Final purification of these 
tRNAs was achieved by two-dimensional polyacrylamide gel 
electrophoresis"*. Heterologous charging of methionine by 
Escherichia coli aminoacyl-tRNA synthetase was adapted to 
pick up initiator tRNA species during purification’. In the case 
of T. acidophilum, two methionine tRNAs were detected when 
fractionated by BD-cellulose column chromatography (pH 7.5). 
The formylation reaction with E. coli enzyme was used to 
determine which species was initiator; only one species was 
formylated, and the other was found to be methionine tRNA 
for elongation’. 

The total primary sequences of the three initiator tRNAs 
were obtained by post-labelling procedures as described pre- 
viously”, and the sequences, arranged in cloverleaf form, are 
shown in Fig. 1. Eukaryotic initiator tRNAs are distinct from 
prokaryotic initiator tRNAs in having A,, TAn Asa, Gs, Aco 
and U» in place of C,, As7, Ts, (U or uridine derivatives), As7, 
Uso and Aj» (ref. 2). These characteristics have been found in 
all prokaryotic and eukaryotic (cytoplasmic unicellular and 
multicellular) initiator tRNAs so far sequenced. By contrast, 
the three archaebacteria initiator tRNAs all contained A,, A37, 
uridine derivatives,, (N4)s7 (adenine derivative), Uso and U7. 
In other words, these particular residues in archaebacteria 
initiator tRNAs are not the same as those of either prokaryotic 
initiator tRNAs or eukaryotic initiator tRNAs. These data of 
archaebacteria initiator tRNAs clearly indicate that archaebac- 
teria are unique prokaryotes distinct from true bacteria. This 
is further supported by the recent sequence data on SS RNA? 
and ribosomal A protein". 

It is also noteworthy that among archaebacteria initiator 
tRNAs, S. acidocaldarius initiator tRNA shows remarkable 
resemblance to yeast initiator tRNA; the two tRNAs have 
almost identical sequences in the CCA-stem, anticodon-stem 
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ii Fig. 1 Nucleotide sequence of initiator tRNAs from S. acidocaldarius, H, morrhuae and T. acidophilum in cloverleaf form. Na was recently. 

| Nz, Ng and Ns are presumably m3Gm, mI and I, respectively (Z. Yamaizumi, Y.K., M.I, W. 

Zillig and S.N., unpublished results). N, is an unidentified modified nucleoside. R. Gupta and C. R. Woese reported (personal communication) 

that H. volcani initiator tRNA contains triphosphate at the 5’ end; As we determined the sequences of the tRNAs by the post-labelling 
technique, we do not know whether they have triphosphate or monophosphate. groups at the 5’ end. 


“characterized as 1-methylpseudouridine’’. 


and. anticodon-loop*, and the overall homology of S. 
. acidocaldarius initiator tRNA to yeast initiator tRNA is 82% - 
while its homology to E. coli initiator tRNA is only 72% (Table 
<17. By contrast, H. morrhuae and T, acidophilum initiator 
tRNAs do not resemble yeast initiator tRNA, or any other - 
eukaryotic initiator tRNAs (Table 1). : 
- All three archaebacteria initiator tRNAs contain two to four — 
: methylated nucleosides in the TyC-loop. In addition, S. - 
acidocaldarius initiator tRNA contains three more 2'-O-methy- E 

lated nucleosides in other regions. This characteristic is prob- 

ably related to the tolerance of these tRNAs to extreme growth _ 
conditions. es 
_Amarked similarity among the three archaebactétial initiator E 
tRNAs i is the identical sequence of five stretches of base pairs — 
in the CCA-stem, although the overall homology between them 

is not substantially high (Table 1). Fox and his co-workers 

reported that archaebacteria can be classified into several major 
.. subclusters*. J udging the phylogeny from 16S rRNA data, S. _ 
_ acidocaldarius seems to have separated first from H. morrhuae — 

_ and T. acidophilum. The sequence data on initiator tRNAs 
ported have also ArT that S. acidocaldarius is distinct 

























-varch sHacteria with 16S rRNA ars and work on i this line is 
` -in progress. The nucleotide sequences of initiator tRNAs from 
Halobacterium cutirubrum and Halobacterium volcani have 
Fenty been determined ihe We Le RajBbangan and S.T. 


Wheat germ 


D-loops of different chain lengths were arranged to have maximal homology. Unknown modified nucleosides were counted as not t having 
oh homology. Values are percentage homologies of sequences of initiator tRNAs. S l 


Bayley and by R. Gupta and C. R. Woese (personal communica- : 
tion), respectively. These sequences are almost the same as that — 
- of H. morrhuae except for a few base alterations in stem regions _ 


_ acidophilum. This work was partly supported by a Grant-in-Aid 
for Scientific Research from the Ministry of Education, Science 
and Culture of Japan. oe 
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and thus are consistent with the above conclusion. i 
We thank Dr W, Zillig of Max-Plank-Institut für Biochemie. 
for gifts of cells of S. acidocaldarius, H. morrhuae and T. 
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; Mechanism of C-terminal amide 
formation by pituitary enzymes 


A. F. Bradbury, M. D. A. Finnie* & D. G. Smyth 
National Institute for Medical Research, The Ridgeway, Mill Hill, 
London NW7 1AA, UK | 

= * Department of Mass Spectrometry, St Bartholomew's Hospital, 
London EC1A 7BE, UK 


` The amino acid sequences of peptide hormones that terminate 
_ in an a-amide group seem usually to be followed by glycine in 


the sequence of their precursor molecules. Thus it has long 


been known that the sequence of a~melanotropin, which ter- 


_ minates in Lys-Pro-Val-CONH, (ref. 1), occurs adjacent to 


glycine in the sequence of corticotropin’ and more recently it 


=> has been shown that the peptide hormone mellitin, which ter- 


‘minates in glutamine amide’, is synthesized as a prohormone 
that terminates in glutaminyl-glycine*. A similar relationship is 
suggested by comparison of the primary structures of 
adipokinetic hormone*® and red pigment-concentrating hor- 
mone. These observations indicate that biosynthesis of the 


. . C-terminal amide may involve the action of a specific enzyme 


which has a requirement for C-terminal glycine. We present 
here direct evidence that porcine pituitary contains an enzyme 
with the ability to convert peptides that terminate in glycine to 
the corresponding des-glycine peptide amide. We have investi- 
gated the substrate specificity of the enzyme and with the aid 
of isotopic labelling have demonstrated that its mechanism of 
action involves dehydrogenation and hydrolysis of the glycine- 
containing substrate. 

An assay system for detecting and estimating amidating 
activity in pituitary was obtained by examining the ability of 
enzyme preparations to convert the synthetic tripeptide D- 
tyrosylvalylglycine to the corresponding dipeptide amide D- 
tyrosylvaline amide. The sequence Val-Gly was selected 
because it seemed likely to contain the minimum structural 
elements of corticotropin necessary for formation of the valine 
amide group present at the C-terminus of a-melanotropin, The 
_D-tyrosine residue conferred stability against degradation by 
aminopeptidases present in tissue homogenates and provided 
a site for radioiodination. The ***I-labelled tripeptide D- 
. tyrosylvalylglycine was incubated with pituitary homogenates 
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% Conversion to Tyr-Val amide 


4 8 12 16 20 24 
ae Time {h} 
`- Fig.1 Formation of p-Tyr-Val amide from D-Tyr-Val-Gly cata- 
lysed by an amidating enzyme from porcine pituitary. D-Tyrosyl- 
E valylglycine {100 pmol, 10° c.p.m. of P I) was incubated at 37°C 
_. with an enzyme preparation obtained by gel filtration on Sephadex 
`- > G400, as described in Fig. 3 legend. The incubation was performed 
- with 0.25 ml of the peak fraction in 200mM sodium chloride, 
50 mM sodium phosphate at pH 7. At intervals, 20-yl aliquots of 
the reaction mixture were removed, acidified with 10 ul of 1M 
hydrochloric acid and chromatographed on a column (15 x 1 cm) 
of SP Sephadex C25 eluted in 200 mM sodium chloride and 50 mM 
_ sodium phosphate at pH 5.5. The yield of p-Tyr-Val amide was 
calculated from the proportion of the total radioactivity that 
emerged in a peak corresponding to the position of an - ae labelled 
marker peptide. The iodinated tripeptide emerged at 20 ml and 
the iodinated dipeptide amide at 51 ml. 
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Fig. 2 Isolation of p-Tyr-Val amide produced by incubation of 
p-Tyr-Val-Gly with amidating enzyme extracted from porcine 
pituitary. The fraction containing the trittum-labelled dipeptide 
amide, obtained by ion-exchange chromatography as described in 
Fig. 1 legend, was concentrated in vacuo and submitted to HPLC 
on a C18 Microbondapak column (25 x 0.4 cm) eluted in 2 mM 
hydrochloric acid with a linear gradient (20 min) from 5-15% 
methanol. Fraction size was 0.5 ml. The p-Tyr-Val amide 
emerged at 27 ml. 


(0.5 g porcine pituitary in 1 ml of phosphate-buffered saline, 
PH 7.4) or with chromatographed preparations of amidating 
enzyme obtained from porcine pituitary, and the degree of 
conversion of the D-Tyr-Val-Gly to D-Tyr-Val-CONH, was 
determined by column chromatography of the radiolabelled 
peptides on sulphopropyl Sephadex C25, The elution positions 
of the iodinated tripeptide and dipeptide amide were estab- 
lished with the use of synthetic peptides. 

Incubation of D-tyrosylvalylglycine with a preparation of the 
amidating enzyme obtained by gel fitration on Sephadex G100 
led to the progressive formation of D-tyrosylvaline amide (Fig. 
1). In the conditions used, the yield of the dipeptide amide. 
reached a maximum value of 38% in 17 h, then slowly declined. 
Control experiments showed that when synthetic '**I-labelled 
D-tyrosylvaline amide was incubated in the same conditions it 
was slowly degraded. Thus the formation of the dipeptide amide 
by the pituitary enzyme is followed by its descruction by other 
enzymes present in the pituitary extract. The reaction product, 
D-tyrosylvaline amide, was identified by co-elution with I- 
labelled synthetic D-Tyr-Val amide; and in further experiments 
co-chromatography was demonstrated with D-Tyr-*H-valine 
amide formed from D-Tyr-*H-valylglycine with the correspond- 
ing synthetic dipeptide amide. The identity of the D-Tyr-Val- 
CONH, generated by the pituitary enzyme was further 
confirmed by its isolation in sufficient quantity for amino acid 
analysis. The incubation was performed using chemical amounts = 
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Fig. 3 Purification of amidating enzyme from porcine pituitary 
by gel filtration on Sephadex G100. The soluble enzyme obtained 
from the secretory granule fraction of porcine pituitary (50 g) was 
concentrated by vacuum dialysis and chromatographed on a 
column (60 x 1.5 cm) of Sephadex G100 eluted in 200 mM sodium 
chloride and 50 mM sodium phosphate at pH 7; fraction size was 
2.5 ml, The. enzyme was assayed by incubating 50-pl portions of 
each fraction with *251 p-Tyr-Val-Gly (20 pmol, 2* 10° ¢.p.m.) 
at pH 7 for 5h at 37°C. The yields of dipeptide amide formed 
were determined as described in Fig. 1 legend. 
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purified, on Sephadex G100. The resulting dipeptide amide was Gly (b) | 
iso c$ | homogeneous form by gel filtration on Sephadex Nominal Empirical Calculated Measured tee 
move higher molecular weight material, by ion mass formula mass mass Error’ | 
hromatography as in Fig. 1 and by reverse-phase ae 
4 06 0.0012. 
ig. 2). The reaction product (6 nmol) gave an amino : 49a) CHK ONE EN E a 
composition of Tyr, 1.0; Val, 0.9; Gly, <0.1; NH, 1.1 1s ne 


of D-Tyr-\ Gly (100 nmol colituising 2 „Ci of *H-labelled 
: peptide) in PETE OE PEE N ss formed enzymatically from D-Tyr-Val-' ÎN- ‘Gly (a) and D-Tyr-Val- “N 


e amidating enzyme was shown to be present in the secre- 
granule fraction of porcine pituitary. The granules, pre- SS | 
- pared from 50 g porcine pituitary by differential centrifugation”, valylglycine was ‘aynthesized using both '*N-glycine ana = 
-were solubilized by repeated sonication in 10 mM sodium phos- — glycine and the corresponding D-tyrosylvaline amides wer 
phate at pH 7.0. The extracted enzyme was concentrated by isolated after incubation with the purified pituitary enzyme 
dialysis under reduced pressure and purified by chromatography _ The molecular structures of the products were confirmed by 
on Sephadex G100 (Fig. 3). The amidating activity emerged i in high- and low-resolution. mass ‘spectrometric analysis of the 
a broad fraction, indicating that the minimum apparent _ trifluoracetyl derivatives (Fig. 4) prepared by reaction of the 
` molecular weight of the enzyme was ~60,000. Significant | peptide amides with trifluoracetic anhydride in anhydrous con- 
_ amidating activity could also be demonstrated, however, inthe ~ ditions®. The low resolution mass spectra obtained from the ~ 
K fractions corresponding to a molecular weight greater than enzymatically derived dipeptide amides were compared with 
100, 000 but further gel filtration of the higher molecular weight those obtained from the corresponding synthetic dipeptide 
material gave a similar elution pattern to the initial granule amides (Fig. 5). Three of the ions obtained showed the single 
extract, suggesting that the enzyme can undergo reversible mass unit increment expected from the incorporation of the pi 
“aggregation. The yields of dipeptide amide obtained with the N isotope. High-resolution mass measurements of the 



























Table 1 Mass measurements of the ions in the spectra of nradiiets. 





$50(b) CanHigOs" ‘N: MaFo 550.0912 550.0928 00 





purified enzyme were ~40%, which is an order of magnitude molecular ions at 549 and 550 AMU (atomic mass units) and ~ . 


greater than could be obtained with unfractionated pituitary the base peaks of the spectra at 346 and 347 AMU gave. 


homogenates. 


To investigate the mechanism of amidation, the reaction was pounds (Table 1), proving that the '°N isotope from the glycine 
carried out with isotopically labelled tripeptides. D-Tyrosyl- residue was retained in the peptide amide. This finding rules 


Amide nitrogen l 








Fig. 4 Structural fotmadita f the iiion 
derivative tyrosylvaline amide. 
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amide. a, Synthetic D-Tyr-Val 4N-amide. b, D-Tyr-Val amide formed enzy 






















unequivocal evidence for the empirical formulae of these com- 
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Fig. 5 Normalized partial mass Spectra of the trifluoracetyl derivative of Tyr-Val 


cally from Tyr-Val-' 4N-Gly. c, Synthetic D-Tyr-Val * "N-amide. d, p-Tyr-Val amic 
formed enzymatically from Tyr-Val-'*Gly. 











out the possibi ity t 


= or A transamidation ¢ of the ivalylalycine peptide bond”®, 


NH N yee 
CH CO a i 
ee COH 


-Consistent with this oxidative mechanism, it was found that 
when. the incubation was performed with D-Tyr-Val-Gly 
synthesized with '*C-glycine, the isotope was incorporated into 
glyoxylate. Furthermore, the amidation reaction was not 
affected by the presence of 1mM ammonium ion, glutamine 
or asparagine at similar concentrations. The proposed mechan- 
ism is also consistent with previous suggestions that unsaturated 
peptides may be formed transiently during the biosynthesis of 
C-terminal amides''"’. 
The substrate specificity of the amidating enzyme was 


_.. examined with a range of synthetic tripeptides. It was found 
= that glycine was a mandatory amino acid in the C-terminal 


position of the tripeptide D-Tyr-Val-Gly; substrates containing 
leucine, alanine, sarcosine, lysine or glutamic acid in place of 
the glycine did not give rise to a detectable amount of dipeptide 
: amide. Thus no amidation would be expected to take place 
=- with D-Tyr-Val-COOH as substrate, and none was observed. 


It can be concluded that the dipeptide carboxylate is not an 


intermediate in the formation of D-Tyr-Val amide from D-Tyr- 
Val-Gly. That C-terminal glycine should act as a signal for 
amidation is consistent with recent reports that the sequence 
of vasopressin is followed by glycine in the prohormone of 
vasopressin’? and that glycine is present immediately after the 
C-termainal residue of calcitonin in the sequence of its biosyn- 
thetic precursor’* | 

Amidation of the tripeptide D-Tyr-Val-Gly was found to 
take place when the valine in position 2 was replaced by 
phenylalanine or glycine but not when it was replaced by 
D-alanine, lysine or aspartic acid. This suggests that the pituitary 
enzyme. can catalyse the formation of the amide group from 
the precursors. of gastrin, choleocystokinin, oxytocin or 
vasopressin, hormones that terminate in phenylalanine or gly- 


<> Cine amide, Furthermore, as the pituitary enzyme can form 
< amides only with neutral amino acids in position 2 of the 


tripeptide substrates, and all known hormone amides appear 
to contain a neutral amino acid in the C-terminal position, it 
is clear that the pituitary enzyme has similar properties to the 
enzymes involved in the amidation of hormones in other tissues. 


The amidating enzyme in porcine pituitary may prove to be — 


. common to all tissues that biosynthesize the C-terminal car- 
: boxamide. group. 

>- >We thank D. M. Carter for performing high-resolution mass 
` measurements and product spectra. The Mass Spectrometry 

‘Unit is supported by grants from the Wellcome Trust. 
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Effect of an allozyme 
polymorphism on 
regulation of cell volume 


Thomas J. Hilbish, Lewis E. Deaton 
& Richard K. Koehn 


Department. of Ecology and Evolution, State University of 


New York, Stony Brook, New York 11794, USA 


Biochemical differences have been described among allo- 
zymes’, but the physiological consequences (that is, physio- 
logical phenotypes) of such differences have only rarely been 
demonstrated”™’. Such a relationship is necessary both to the 
argument that natural selection maintains allozymic diversity, 
in natural populations and for understanding biochemical 
mechanisms of adaptation”. We report here a genotype-depen- 
dent difference in the rate of cellular free amino acid accumula- 
tion during adjustment to hyperosmotic conditions in the mussel 
Mytilus edulis. The product of the Lap locus in M. edulis is 
the lysosomal enzyme aminopeptidase-I (AM-I; E.C.3.4,11.-) 
which hydrolyses oligopeptides to their constituent amino 
acids’. Total AM-I activity is positively correlated with salinity; 
a 120% increase in salinity increases AM-I activity twofold’*™. 
Adjustment to hyperosmotic stress in osmoconforming marine 
bivalves, including M. edulis, involves rapid accumulation of 
cellular free amino acids'***. The biochemical properties of 
AM-I, and its activation by salinity changes, suggest that it is . 
important for providing cellular free amino acid pools during 
adjustment to hyperosmotic stress’. We show that individuals 
carrying the allele for high catalytic efficiency (k.u) accumulated 
cellular amino acids more rapidly than other genotypes. The 
difference in accumulation rate was also demonstrated by an 
interruption of hyperosmotic adjustment, which resulted in 
genotype-dependent rates of amino acid excretion. These 
results demonstrate the role of AM-I in the physiological pro- 
cesses that regulate cell volume. Thus, differing catalytic proper- 
ties of allozymes are manifested as phenotypic differences at 
the physiological level and provide a mechanism for the known 
selective mortality of mussels in natural populations’. 
Allozymes of AM-I have different catalytic properties; 
genotypes with the Lap™ allele (in either the homozygous or.. 
heterozygous condition) exhibit about 20% greater activity per 
unit enzyme protein, due to the higher kaa of this allele”. This 
difference in specific activity, together with the proposed func- 
tion of the enzyme in cell volume regulation, dictates that: first, 
on exposure to hyperosmotic stress, individuals with the Lap” 
allele should accumulate cellular free amino acids at a greater 
rate. As the cellular response to hypo-osmotic stress consists. 
of the release of amino acids to the haemolymph, some of which 


Table 1 Tissue-specific levels of amino acids (ninhydrin-positive 
substances) as a function of AM-I genotype 


Adductor - Mantle Digestive gland 
Control $39+15.0(10) 566+27.8(10) 439+7.3 (9) 
Lap” 681+12.7 (29) 680+21.8(28) 617+6.4(29) 
Non-Lap™* 664£15.8(11)* 655+25.2(15}* 570+14.7 (16) 


All measurements were made 70 h after transfer of individuals from 
15 p.p.t. to 30 p.p.t. salinity. Lap”* indicates those genotypes with the 
allele and non-Lap refers to all other genotypes. All values are 


. mean +s.e, in nmol per mg dry weight. Sample size is in parentheses. 


* Difference between the two non-control groups not significant at 
P<0.05; one-tailed t-test. 
+ Significant. difference (P < 0.005). 
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are ul mately rered". gents among geil in the size 
of the amino acid pool should result from different rates of 
amino acid excretion. Therefore, a second prediction is that 
during adjustment to hyperosmotic stress, transfer to hypo- 
osmotic. conditions will produce a greater rate of excretion of 
is by Lap™ individuals. 
these predictions, animals were acclimated in 15 parts 
lion (p.p.t.) salinity for 2 weeks, then transferred to 
. and the concentration of cellular free amino acids 
ybserved during hyperosmotic adjustment. In the digestive 
d, there was an increase in ninhydrin-positive substances 
{NPS 
-mg dry weight. Ten individuals maintained at 15 p.p.t. were 
taken at each sample period as controls, to demonstrate 
significant NPS accumulation in high salinity treatments. While 
the controls were heterogeneous (P <0.025; analysis of vari- 
ance), the variance was due to an elevated mean of the 48-h 
sample; variation among controls will not affect the tests for 
relative differences among genotypes. All control variates were 
“combined to give an overall mean and standard error (Fig. 1). 
“The increase in NPS was clearly genotype-dependent (Fig. 1; 
Table 1); after 48 h at 30 p.p.t. the differences between Lap” 
and other genotypes approached significance (P<0.1; one- 
tailed t-test) and after 70 h at 30 p.p.t., Lap” genotypes had a 
24% greater net increase in NPS (P<0. 005) than other 
genotypes. One-tailed comparisons were dictated by the a priori 
prediction of greater NPS accumulation in Lap™ genotypes 
because of the higher catalytic efficiency of individuals carrying 
this allele. 

The digestive gland has the greatest AM-I activity of any 
tissue; mantle and adductor tissues have maximally 50% and 
5% , respectively, of the activity found in the digestive gland’*"”, 

There were no significant contributions of genotype to the rates 
‘of accumulation of NPS in either mantle or adductor tissues, 
even. after 70h of hyperosmotic adjustment, although the 

‘results suggested greater rates of NPS accumulation for 
“genotypes containing Lap™ (Table 1). We interpret the lack of 

_ genotype-dependent differences in mantle and adductor tissues 
as being due to the low AM-I activity in these tissues. 
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Fig. 1 Accumulation of ninhydrin-positive substances (NPS, 
“nmol per mg dry tissue weight) in digestive gland of Mytilus edulis 
after transfer from 15 p.p.t. to 30 p.p.t. salinity. O, Genotypes 
containing Lap”; @, genotypes without Lap” ; W, overall mean 
for controls. The determination of NPS was modified for small 
samples’? Lap genotypes were determined by starch gel 
i electrophoresis””. 


; that is, principally free amino acids) of ~160 nmol per | 





Table 2 Genotype-epecific rates of amino acid ‘excretion duri 
hypo-osmotic stress 





24h 48h 70h - 


Lap” 304+103 (17) 15038 (25) 497+75.0 (31). 
Non-Lap”* 296478.1 (9)* 183449.3(16)* 271455.5(15)t 





Animals were acclimated to 15 p.p.t. salinity, 15 °C for 2 weeks before — 
transfer to 30 p.p.t. After 24-70 h, animals were returned to 15 p.p.t 
for 2 h. They were then placed in 150 ml of 15 p.p.t. filtered (0.45 ym 
pores) artificial seawater for 2.5h. The amino acid concentration of 
duplicate 1-ml samples was determined using the fluorimetric method"*. 
Results are expressed as nmol of glycine equivalents per g dry weight 


- perh. 
* Difference between denovo groups not significant at P<0. 05. oa 


t Significant difference (P <0, 01, 


one-tailed t-test) assuming = 
inequality of variances. oy ioe 


In animals returned to 15 p.p.t. salinity after 70h at 30 
p.p.t., amino acid excretion reflected the genotype-dependent 


accumulation differences (Table 2), Genotypes with the 


Lap™ allele showed almost twice the excretion rate of 


genotypes without the allele. There was a notable concordance 
between genotype-dependent differences in accumulation dur- 
ing hyperosmotic adjustment and genotype-dependent © 
excretion during hypo-osmotic stress; there were no significant 
differences in excretion rates until sufficient time had elapsed 
for significant differences in NPS accumulation to occur 
(Table 2). 

Thus we have demonstrated that known catalytic differences 
among allozymes have predictable and measurable physiologi- 
cal consequences. In natural situations of diminished or fluctuat- 
ing salinity, there is a direct ecological ‘cost’ to possessing the 
Lap™ allele. Our results provide a possible mechanism for the. 


demonstrated selective mortality of Lap” genotypes among ` - 


natural populations experiencing differing salinities’. In a situ- 
ation of natural environmental variation, an imbalance between 
accumulation and excretion of amino acids may lead to differen- 
tial and excessive loss of nitrogenous resources by Lap™ 
genotypes. Specific studies of nitrogen balance in field popula- 
tions are presently underway. : 

This is contribution 421 from Ecology and Evolution, State 
University of New York. The work was supported by NSF grant 
DEB 7908802 and USPHS grant GM 21133. 
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_ Awards 
. The eighth Marconi Fellowship for 


< Communications, Science and Technology 


has been awarded to Arthur C. Clarke for 
his contributions to the invention of the 
communications satellite. Most of the 


$35,000 grant will be used at the proposed 


Centre for Third World Communication, 

Energy and Space Technologies, at the 
University of Moratuwa, near Columbo, 
Sri Lanka, of which he is chancellor. 


The World Academy of Art and Science 
has awarded the II Stuart Mudd Award to 
- Professor Leonardo J. Mata (Institute of 
` Research in Health, University of Costa 


- Rica} for his pioneer work on intestinal 


microecology of poor and traditional 
“populations of Central America living in 
different ecosystems. 


~The trustees of the Lady Tata Memorial 


‘Trust have made international awards for 


research in leukaemia to H. Abrams 
(USA), H.J. Allen (UK), D.W. Anderson 
(USA) (renewed awards); R.J. Baer 
(USA), A.P. Gee (USA), and A.R. 


oo - Venkitaraman (India) (new awards). 


Sir Alastair Pilkington has been awarded 
the Messel Medal of the Society of 
Chemical Industry for 1982. The Medal is 
the premier award of the Society and is 
awarded every second year. 


The Royal Society of Chemistry presented 
< its annual film prize on 8 June to the 
producers of the German film Juncture 
which describes work at the BASF 
chemical plant at Ludwigshafen. 


. The Royal Society of Chemistry has 
< awarded the Meldola Medal and Prize 


jointly to Dr D.C. Clary (UMIST), for 
contributions to the theory of molecular 
energy transfer and chemical reactions, 
and to Dr A. Dilks (Xerox Corporation in 
Rochester, New York), for work on the 
characterization and plasma modifications 
of polymer surfaces. 


z The Meldola Medal, now accompanied by 


~~ aprize of £100, will next be awarded in 1983 
to the chemist who, being a British subject 
and under 30 years of age at 31 December 
1982, shows the most promise as indicated 
by published chemical work. Applications, 
by 31 December 1982, to The President, 
The- ‘Royal Society of Chemistry, 
Burlington House, London W1, UK, the 
envelope being marked Meldola Medal. 


-` An award of SF5,000 and a silver medal is 
‘available every three years, for the best 
paper or report devoted to significant work 

e pertaining to coal tar products, plant or 

processes. Full details and conditions from 

132/135 Sloane Street, London 

SW1, UK. 


The Beilby Awards, which consists of a 
medal and a prize of £250, are made to 
British investigators in science in 
recognition of original work of exceptional 
merit which has led to advances of practical 
significance. This work should have 
involved the development and application 
of scientific principles in chemical 
engineering, fuel technology or 
metallurgy. The awards are intended as an 
encouragement to younger men and 
women, normally under the age of 40. 
Applications, by 31 December 1982, to The 
Convener of the Administrators, Sir 
George Beilby Memorial Fund, The Royal 
Society of Chemistry, Burlington House, 
London W1, UK. 


The W.K. Kellogg Foundation of America 
is providing $3 million to enable Oxford 
University to develop a major centre for 
continuing education. The Rewley House 
site in Wellington Square, part of which 
was acquired and converted into a resi- 
dential centre for adult students with con- 
siderable financial help from the 
Foundation in 1963, will be redeveloped. 
Its new conference facilities will include a 
large lecture theatre, eight fully-equipped 
seminar rooms, a library and an admini- 
strative block. Existing residential accom- 
modation will be upgraded, and catering 
facilities enlarged, 


Appointments 


Dr Lewis M. Branscomb has been re- 
elected chairman and Dr Mary L. Good 
vice chairman of the National Science 
Board, the governing body of the National 
Science Foundation. 


Dr George Bugliarello (President of the 
Polytechnic Institute of New York) is the 
new Council Secretary of the Marconi 
International Fellowship Council follow- 
ing the retirement of Dr Walter Orr 
Roberts. 


Prof. Alvin M. Kaye, has been named as 


the first incumbent of the Joseph Moss 


Chair in Molecular Endocrinology, estab- 
lished at the Weizmann Institute of 
Science. 


Prof. R.J. Berry (University College, 
London) has been elected president of the 
Linnean Society for the next three years, 
succeeding Prof. W.T. Stearn. Dr Colin 
Patterson was elected as editorial secretary 
and the other officers were re-elected. 


The Zoological Society of London has 
elected Professor John Phillips (Director 
of the Wolfson Institute in the University 
of Hull) as its next Secretary. 

Prof. Janet Y. Watson (Geology, Imperial 
College of Science and Technology) has 


been elected president of the Geological 


Society. 


Prof. David G. Harnden (Department of 


Cancer Studies, 
Birmingham) has been appointed Director 
Designate of the Paterson Laboratories, 
Christie Hospital and Holt Radium 
Institute at the University of Manchester, 
to succeed the present Director, Professor 
L.G. Lajtha on his retirement in June 1983. 


Meetings 

1-3 September, International Hepatitis 
Workshop, Stirling (Miss E.K.S. Grant, 
Nuclear Enterprises Ltd, Sighthill, 
Edinburgh, UK). 

1-3 September, Annual Symposium 
Uranium Institute, London (Mrs C. Scott 
Barrett, Conference Associates UIS, 
Stanford Rd, London W8, UK). 

1-3 September, Fast Reactions in Solution, 
Leuven (Dr A. Persoons, Dept of Chemistry, 
University of Leuven, Leuven, Belgium). 
1-3 September, The International 
Environment and Safety Exhibition and 
Conference, Wembley (Labmate Ltd, 
Sandpit Lane, St Albans, Herts, UK). 

3-9 September, Science and Technology in 
the Service of Conservation, Washington 
DC (IIC American Meeting, 1511 K Street 
NW, Suite 725, Washington DC 20005, 
USA). 

5-9 September, Protein Metabolism and 
Nutrition, Clermont-Ferrand (4ème 
SIMNA, INRA-~Theix, Laboratoire 
d’Etude de Metabolisme Azoté, 63110 
Beaumont, France). 

5-11 September, World Congress on 
Medical Physics and Biomedical 
Engineering, Hamburg (Hamburg Messr, 
Congress Organisation, D-2000 Hamburg 
36, PO Box 30 23 60, FRG). 

5-15 September, Charles Coulson Summer 
School in Theoretical Chemistry, Oxford 
(Dr P.J. Grout, Theoretical Chemistry 
Dept, 1 South Parks Rd, Oxford, UK). 
6-8 September, Charged Particles Manage- 
ment of Electrostatic Hazards and 
Problems, Southampton (Miss L. Claff, 
Scientific and Technical Studies, Oyez IBC 


Ltd, 11-13 Norwich St, London EC4, UK). 
6-8 September, Modern Aspects of © 


Heterocyclic Chemistry, Sussex (Miss L. 
Hart, Royal Society of Chemistry, 30 
Russell Square, London WC1, UK). 

6-9 September, Distillation, Geneva (The 


Center for Professional Advancement, | 


Postbus 19865, 1000 GW Amsterdam, The 
Netherlands). 

6-10 September, Annual Meeting, British 
Association for the Advancement of 


Science, Liverpool (Ms U. Laver, BAAS, | 


Fortress House, 23 Savile Row, London 
W1, UK). 

6-10 September, Linear Programming and 
Qperational Planning in the Petroleum 
Chemical and Process Industries, 
Edinburgh (Education Secretary, 
Institution of Chemical Engineers, 12 
Gayfere St, London SW1, UK). 


l ; . M PESE AA TA EE EE E AETA IELA E AE A LEE SEEE 


34. 


University of. 


w 








In 1973 David Marr, then 28 years old, 
-moved from Cambridge, England, to 
` Cambridge, Massachusetts; seven years 
later he died of leukaemia. During this 
period he formulated a new approach to 
the theory of vision and published his 
results in a series of papers of great depth. 
Much of Marr’s originality lay in his 
insistence that one must have a rigorous 
theory of how a particular task is 
« performed before proceeding to construct 
. a computer model of how the brain carries 
it out. Vision, posthumously published, 
-presents a survey of his own work and that 
of the group of exceptionally clever young 
scientists whom he inspired with his ideas. 
Despite his originality, Marr’s papers 
were often flawed. Many were poorly 
written and unnecessarily opaque. 
Moreover, each paper tackled a particular 
aspect of vision and it was sometimes hard 
to see the connections. Marr’s book 
overcomes both problems. It is written in a 
-tively style and is for the most part lucid and 
free from technicalities. In addition, it has a 
clear structure that integrates the different 
‘aspects of his research. 
~ Marr believed that there are three main 
-levels of visual processing, ateach of which 
a separate representation of the world is 
formed. At the lowest level is “the primal 
sketch”, a representation of the retinal 
image that makes explicit the size and 
disposition of the intensity changes 
present. The primal sketch itself contains 
several levels of representation. At its 
highest levels it represents boundaries 
formed by grouping lower level elements. 
Such:.a boundary may be formed, for 
‘example, by a change in the density or size 
of a set of circles present in the retinal 
image. The purpose of the primal sketch is 
to deliver to higher level processes an 
explicit description of the boundaries that 
exist in the image and to enable these 
processes to determine whether the 
boundaries found are caused by a change in 
reflectance, a change in light intensity, an 
occluding contour or an edge at which two 
visible surfaces of a body meet. 

_ Much the longest section of Marr’s book 
is devoted to the processes that operate on 
the primal sketch in order to recover a 
-3-dimensional representation of the world. 
Amongst these processes are stereopsis, 
and those that use shading, texture, 
occluding contours and various aspects of 
‘motion. From these cues the second level a 

representation, the ‘‘242-D sketch”, 

constructed: this is a representation of i; 
scene based on viewer-centred coordinates, 
which makes explicit the slope relative to 





Stuart Sutherland 





Vision: A Computational Investigation 
into the Human Representation and 
Processing of Visual Information. By 
David Marr, Pp.397. ISBN 0-7167-1284-9, 
(W.H. Freeman: 1982.) £22.50, $39.95. 


the viewer at each point on all visible 
surfaces. For the purpose of recognizing 
objects, a 3-D model, the highest level of 
representation, is formed from the 214-D 
sketch. This model represents objects in 
object-centred coordinates (based either 
on the direction of elongation of the object 
or on its symmetry) and it makes. explicit 
the volumetric structure of the object by 
representing its parts as generalized cones 
(the volume swept out by moving a cross 
section of a particular shape along an axis). 

Not only does Vision have a clear 
Structure, it also gives an integrated 
treatment of each stage of processing, 
based on Marr’s philosophy of the nature 
of explanation in psychology. He 
distinguishes three levels of explanation. 
At the highest level is a computational 
theory, that is a theory of how a task can be 
performed. At the next level is a rë- 
presentation and an algorithm to achieve 
that representation. At the lowest level lies 
the question of how the algorithm is 
actually implemented in the hardware of 
the system. 

Marr’s originality and much of the depth 
of his. own thinking stems from his 
emphasis on the top level type of 
explanation, which few had previously 
even considered. The computational 
theory for a given stage in processing 
should, according to Marr, specify what is 
being computed, and why this is a useful 
thing to compute. It should in addition 
specify the ways in which the image is 








Level 2 
module 


The vision of David Marr 


related to the world, that is to say, the 


constraints on how the image can be ~ 


interpreted. It is only the existence of these 
constraints that makes it possible to. 

recover from the image the properties of 
the scene. Thus, in recovering the shape of 
a rotating body from successive views of it, 
it is necessary to assume that the body is 
rigid, since otherwise there is an infinite 
number of possible interpretations. The 
assumption will normally hold true; where 


it does not, no solution to recovering a 


body’s 3-D shape from its motion will 
emerge. Again, stereopsis depends on the 
constraints that in general one and only one 
point on one retina receives light from the 
same source as a single point on the other, 
and that local changes in disparity will be 
small. Both constraints have exceptions — 
in parts of the visual field there will be 
objects or parts of objects that are seen by 
one eye but not the other, and where one 
object occludes another there will be 


sudden changes in disparity. But for the 
most part the constraints hold, becausethe —_—~ 
world is largely made up of surfaces that 
are comparatively smooth. Only by using 
these constraints is it possible to decide. 


which point in the image on one retina 
corresponds to a given point in the image 
on the other. 

The computational theory of a given 
task not only constrains the nature of the 
algorithm, it also constrains the nature of 
the representation of the results of a given 
stage of processing. Thus, Marr justifies 
the primitives used in the primal sketch (for 
example, segments of lines and edges: . 
formed by brightness changes, and higher 
level boundaries) by noting that it is just- 
this sort of information that is needed to - 
recover at the level of the 2'4-D sketch the 


Level | 
module 





Level 4 
module 


Level 3 
module 


Hierarchical organization of : a 3-D model: the visual object (here a person) is decomposed into 
parts, and each part is decomposed into successively finer and finer detail — in this case whole body, F 
arm, forearm and hand. Each part is represented by its central axis and a generalized cone that _ 
corresponds to the volumetric shape of its surface. This method of representation preserves Bross 
similarities between objects whilst making explicit variations in detail. 
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represent the 3-D model of an object, Marr 
is guided by a computational theory of the 
process of recognition. First, the 
representation has to be accessible, that is, 
it must be possible to compute it 
economically from the image. Second, it 
should have a wide scope in that it must be 
possible to represent any object that can be 
recognized. Third, it must provide a unique 
description of a given object, otherwise 
different descriptions would be formed on 
different occasions and hence recognition 
would fail. Fourth, the representation 
should. reflect the similarity between 


similar objects, but should also make 


explicit small differences: we can both see 
the similarity between different people and 
can also recognize individuals. Marr’s 
method of representing 3-D objects meets 
all these constraints. Thus, the last 
constraint is satisfied by organizing the 
representation hierarchically so that the 
coarse shape of an object is represented in 
one module with other modules re- 
presenting successively finer and finer 
detail (see diagram p.693). 

There is a further way in which Marr’s 
work is superior to that of most of his 
contemporaries. Other vision programs 
have usually taken no account of 
psychological or neurophysiological 
findings. In deciding what algorithm to 
employ, Marr makes use of both kinds of 
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local orientation of surfaces and their evidenc 
— reflectance. Again, in deciding how to 






it because it did not fit the psychophysical 
findings. He put forward a second model, 
which although considerably more 
complex is consistent with the psy- 
chophysical results. In essence it begins by 
matching large features in the two images 
and allows for the use of eye-movements to 
reduce disparities in matching finer detail. 
Again, in his account of motion 
perception, he suggests that Y-cells may 
subtract a measure of the brightness at time 
t+60 msec from the same measure at time 


t: hence a cell will fire only if an edge is 


moving with the lighter part leading. He 
makes out a case that this idea is consistent 
with the known physiological properties of 
Y-cells. This is an ingenious idea for motion 
detection, but there is so much confusion 
amongst neurophysiologists about the role 
of X- and Y-cells that it may be premature. 

Vision has two faults. First, despite 
Marr’s emphasis on the importance of 
implementing algorithms as computer 
programs to make sure they work, it is 
often unclear whether he has actually 
written and tested a computer program to 
perform a particular task. Moreover, even 
when he claims to have implemented an 
algorithm, he rarely discusses how 
successful the program is and he gives no 
clear indication of the range of scenes on 
which it succeeds and those on which it 
fails. This nonchalant approach to 
computer modelling is unfortunately 
typical of the Artificial Intelligence 
community. Second, he is sometimes 
unduly dismissive of the research of others. 
For example, he scorns the work of Waltz 
and Mackworth, who wrote programs to 
recover depth from polyhedra, on the 
grounds that they were dealing with “‘mini- 
worlds”, His allegation is correct, but it 
remains true that people can readily see 
depth in line-drawings of such objects and 
Marr provides no alternative account of 
how this task is performed. Both Waltz and 
Mackworth in fact succeeded (at different 
levels) in working out the constraints that 
enable this task to be carried out and to that 
extent they were amongst the few of Marr’s 
predecessors who had a computational 
theory of the task they simulated. 

Marr begins his preface by writing ‘‘This 


| book is meant to be enjoyed”’: his intention 


will be fulfilled. The book is not only 
enjoyable, it is exciting and contains many 
stimulating ideas. For example, he gives 


| good reasons for supposing that the brain 
| cannot use iterative processes unless they 


converge very fast. Vision is perhaps the 
most important book on the subject to 


appear since Helmholtz’s Physiological 


Optics was published over a hundred years 


- ago. Marr’s untimely death was a grievous. 
loss to psychology. A 





Stüart Sutherland i is Director of the Centre for 


Research on Perception and Cognition at the 
University of Sussex. 


example, h paving. ‘proposed a Simple and E E 
elegant model of stereopsis, he abandoned 
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NMR in Molecular Biology. By Oleg 
Jardetzky and G. C. K. Roberts. Pp.681. - 
ISBN 0-12-380580-5. (Academic: 1982.) 
$59, £39. 


ALTHOUGH nuclear magnetic resonance 
does not occupy the central role in the 
biological sciences that it has in analytical 
organic chemistry, there is hardly a branch 
of biochemistry or biology to which it has 
not been applied in recent years. The 
physical basis for these biological 
applications is the same as for organic 
chemistry, but the goals and general 
methodology differ significantly. While no 
unusually subtle new ideas are used, 
biologically relevant NMR is often/ 
complicated and controversial in its 
interpretation, owing to the complexity of 
the systems involved, and it forms a new 
and flourishing sub-discipline. Most 
current research is directed toward fine- 
grained local structural studies, and the 
determination of dynamic behaviour 
which only NMR can provide. 

The authors of this treatise were among 
the innovators, and continue to be active, 
in this field. Their book is a thorough 
treatment of the most mature application 
of NMR to biological problems, namely - 
the study of small molecules and macro- 
molecules in solution, alone and in 
interaction with each other. Topics such as 
in vivo metabolism and NMR imaging are 
omitted, as is a comprehensive treatment 
of NMR of partly immobilized or frozen 
structures (commonly called ‘‘solid state 
NMR’’) except for a brief description of its 
application to membranes and related 
problems. The emphasis is therefore on 
proteins, especially enzymes, reflecting 
both the majority of current applications 
and the experience of the authors. 
Restricting the content of the book in this. 
way was wise, since the areas not covered 
were in early stages of development at the 
time (early 1981) when the book was 
completed, and because the treatment of 
solution-state NMR could then be compre- 
hensive in a book of reasonable length. 

There are short introductory sections on. 
fundamentals and instrumentation, and 
also descriptions of theories of relaxation, 
both paramagnetic and diamagnetic. Most 








Climate and history 


| Nineteen eighty two seems to be the year for 
books on climate and history. In addition to 
the two volumes reviewed by Stephen 
Schneider (Nature 298, 499) are Climatic}: 
Change in Later Prehistory, edited by|- 


Anthony Harding and published by 
Edinburgh University Press, and Food- 
Climate Interactions with Wilfrid Bach et ai. 
as editors and Reidel as publisher. Both books |- 
are the records of meetings. Prices are (EUP) 
pbk £9.75, (Reidel hbk Dfi. 135, $58; pbk 
DEL 65, $28.50. 












of the book is devoted to a descriptive, 
often case-history, treatment of individual 
problems and their attempted solution. 

Nearly half the text covers applications to 
enzymes and proteins, and it concludes 
with chapters on nucleic acids and on 









es. There are approximately 
ferences (out of, we are told, a 
6,000 on the subject) and a 
cant number of them are discussed at 
st briefly. 

= The style is refreshingly critical, with the 
inevitable result that every experienced 
reader will find points of disagreement with 
certain statements or with the emphasis. 
For example, I felt that the treatment of 
nuclear spin relaxation as a tool for studies 
of protein dynamics overemphasizes the 
methods used by Professor Jardetzky and 
his colleagues. The novice should be 


warned that nearly every topic in this field 


is subject to dispute but for the most part 
the authors do present both sides of 
complex issues, in references if not in their 
discussions. Unavoidably, certain areas are 
developing so rapidly that the text can 
provide only a useful indication of very 
recent advances: examples of such areas are 
studies of nucleic acids 
conformation of small proteins by two- 
dimensional NMR. 

Jardetzky and Roberts have written the 
most thorough treatment of the subject 


now available, and the first such treatise to 


appear in some time. Their book will be 
extremely useful to both experienced NMR 
research workers and novicesalike. 0 


Alfred G. Redfield is Prafessor of Biochemistry 
and Physics at Brandeis University. 


Tackling the bugaboos of solar flares 


Robert Rosner 


Solar Flare Magnetohydrodynamics. 
Edited by E.R. Priest. Pp.563. ISBN 
0-677-05530-7. (Gordon & Breach: 1982.) 
$89.50. 


|. SOLAR flares have long been an enigma. 
” Along with such problems as how the solar 
. corona is heated, and where the ‘‘missing”’ 
- solar neutrinos are, the solar flare puzzle 


has- been a persistent reminder to astro- - 


~ physicists that the gap between observation 
and theory is still uncomfortably large 
whenever the data are of sufficient quality 
to rigorously test the details of theoretical 
models. 
In the case of solar flares, the difficulties 
may be attributed both to the classic 
bugaboo of theoreticians, namely 
phenomena in which nonlinear effects 
_ dominate (in the present case, derived from 
‘the non-linear equations of magneto- 
hydrodynamics); and to the virtual cer- 
tainty that much of the crucial physics 
takes place on spatial scales which are not 
likely to be observable in the forseeable 
„future (hence theory in this respect remains 
-unconstrained by data). Given the com- 
plexity of the subject, it is welcome news 
that Solar Flare Magnetohydrodynamics 
does a commendable job of reviewing 
much of the theory relevant to present-day 
solar flare research. 
_ The book is largely complementary to 
the recent NASA monograph on solar 
_ flares, Proceedings of the Skylab Work- 
-shop on Solar Flares edited by P.A. 
rock (Colorado Associated University 
5S; 1980) and, if read in conjunction 
< with this second tome, the student of solar 
: 5 i have in hand a full account of 
prior to the recent flight of the 








“Solar Maximum Mission (SMM) satellite. 
As: such, the book should be of interest to 
all concerned with time-dependent 





(magneto-)hydrodynamics and plasma 
physics in astrophysics. The material is 
written at a fairly advanced level, but is not 
so esoteric as to be inaccessible to students. 

With the exception of Z. Svestka’s brief 
chapter which reviews observations (a 
topic covered far better in the NASA/ 
Skylab monograph), the book is true to its 
title and gives a systematic exposition of the 
physics of flaring plasmas, from 
equilibrium to possible instability, and 
along the way treats the associated micro- 
physics leading to explosive heating and 
particle acceleration. Chapters are written 
by active, prominent researchers in the 
field, and generally convey a good sense of 
the current status of work in this area. Par- 
ticularly noteworthy and complete are the 
discussions of current sheet dynamics by E. 
Priest, time-dependent hydrodynamics (I. 
Craig), evolution of post-flare plasma (G. 
Pnéeuman) and flare particle acceleration 
processes (J. Heyvaerts). 

With the exception of J. Birn and K. 
Schindler’s discussion of magnetic field 
equilibria, the chapters are well-integrated; 
this exceptional case, though competent in 
content, has a rather formal style, with 
virtually no attempt to mesh theory with 
observation. 

A pleasant surprise is Priest’s superb 
overview in the introduction, in which a 
précis of the entire book is given; this 
chapter not only ties the various contribu- 
tions together, but also gives a nice pers- 
pective of the solar flare problem as a 
whole. The overall result is a monograph of 
great value; it is a must for solar physicists, 
and for all interested in sudden magnetic 
energy release and its consequences in 
astrophysics. o 


Robert Rosner is an Assistant Professor of 
Astronomy at Harvard University. 
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Energy and life 
Robert M. Macnab 


Biological Energy Transduction: The < 
Uroboros. By Ronald F. Fox. Pp.279. 
ISBN 0-471-09026-3. (Wiley: ne 
£24.50, $43.80. oe 


THE dual purpose of this book is given p 
in its preface: first, it is intended tobe an - 
introduction, for physical scientists, to 


advances that have taken place in mole- 


cular biology in the past few decades; - 


second, a description of biology from. the oe 


viewpoint of energetics, suitable for senior 
undergraduates or graduates. These would 
seem to be rather distinct aims, and it is 
unclear why they should be pursued in a 
single volume — or, for that matter, why 
physical scientists require a special | 
exposition of molecular biology. 

An emphasis on energetic considerations 
in biology and their use as a unifying con- = 
cept is what the title of the book leads one: _ 
to expect, and, in general, the author has 
been successful in presenting this point of 
view, His style is clear and entertaining, 
and the major topics of interest in bio- — 
energetics (e.g. control of metabolic path- 
ways, storage of energy across membranes, 
chemi-osmosis, energetics of macromole- 
cular synthesis) are treated well, provided 
one does not examine too closely the 
factual details presented. : 


In this latter regard, the book is flawed. are 


Sometimes the error (e.g. that the bacterial 
flagellum is a triple helix) is incidental to 
the argument, but it is irritating nonethe- — 
less and one wonders how it came about, In 
other instances, the errors are more 
serious. I will cite two examples. First, on 
p.203, an erroneously high value for the 
cytoplasmic pH of bacteria is given, and 
then used in subsequent bioenergetic calcu- 
lations. The author comments that 


Many microbiologists and biochemists will be 
surprised to read that for bacteria grown in a 
medium of pH 7 the internal pH is as high as 9. 


Indeed they will — did he ever ask them? 
(Typical experimental values are around 
7.5.) Second, the choice of standard state 
for H,O in conventional tabulations of free 
energy changes, redox potentials and so 
on, is incorrectly believed by the author _ 
(p.62) to be 1 M; based on this belief, he ` 
proceeds to make adjustments to 55.6 M, _ 


which of course was the standard state 


chosen in the original tabulations. A | 


variety of conclusions regarding the ener- 


getics of electron transport and oxidative 
phosphorylation are then based on these 
adjusted values, and the rest of the | 
scientific community is taken to task 

(p.211) for failing to make these ‘‘correc- © 
tions’’. It is unfortunate that the author 


apparently did not discuss these questions _ 
with physical chemists or biochemists  — 


before codifying his viewpoint in a K < 
textbook. A 
The final part of the book is devoted to a a: ; 


Similarities in Physics | 
John N Shive and Robert L Weber | 
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seer 


A new educational text stressing the 
similarities between apparently quite 


|. different areas of physics, The 

authors’ unusual mission is best 

- summarised by these extracts from 
-their preface, addressed to the 


student reader: 

The edifice of physics is not nearly as 
complicated as it often appears. The 
purpose of this book is to tie similar 
phenomena together, wherever they 
may appear, in mechanics, acoustics, 
optics, electricity, heat, or theoretical 
physics, and to call your attention to 
the similarities between them. Physics 
may be simpler than you think; 
nature is marvellously regular in its 
behaviour; analogies helpfully link 
what is being studied with what is 
already understood ... Sharpen your 
ability by being alert to similarities. 
That’s the keynote of this book! 
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A Handbook of Public 
Speaking for Scientists 
and Engineers 


xv+277pp — illus 
£9.95 


Peter Kenny 


The only handbook offering guidance 
to scientists and engineers called 
upon to speak in public on technical 
matters. Peter Kenny aims to give 
every person in a technical or 
specialist field the opportunity of 
becoming a competent speaker. In his 
own words: 

This book will show you how best to 
prepare your paper for presentation at 
a technical conference, how to put 
vour case at your next committee 
meeting, and how to make a good 
impression on those visitors you will 
be talking to tomorrow. Not only does 
the book deal with specific events, but 
it also provides you with the 
techniques that will make you a more 


effective speaker whether presenting 


papers, answering questions, or 


speaking ‘off-the-cuff. 


The book is intended for quick and 
easy reference, and also for more 
detailed study. 


illus 


£6.50 
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Adam Hilger Ltd 
Techno House 

Redcliffe Way 
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England 


| bores”, defined as an a interlocking and at 
least partially self-sustaining macromole- 








cular assembly of considerable complexity. 

It is suggested that, after several pre-biotic 
steps, an RNA polymer (generated under 
hygroscopic conditions) placed some 
selectivity on self amino-acylations; these 
eventually resulted, via  ‘‘ur-’’ 
(= primitive) t-RNAs and ur-ribosomes, in 
a selectivity of linkage of the amino acids to 
each other. How closely the description 
approaches the actual process by which 
cells evolved is of course difficult to 











ut earnest attempts such as this- 


to construct ‘models, which are at least 


plausible in terms of the properties of bio- 
molecules, help to take the question of the 
origin of life out of the realm of the utterly 
mysterious. 

Overall, I found this to be an interesting ` 
and instructive book but, in light of the 
factual errors it contains, it cannot be 
recommended asa textbook. a 


Robert M. Macnab is an Associate Professor of 
Molecular Biophysics and Biochemistry at Yale 
University. 


From terrestrial processes to 


martian features 
Lionel Wilson 


The Channels of Mars. By Victor R. 
Baker. Pp.198. US ISBN 0-292-71068-2; 
UK ISBN 0-85274-467-6 (University of 
Texas Press/Adam Hilger: 1982.) £22.50, 
$39.95. 


AMONG all the bodies of the Solar System 
yet explored in detail, Mars appears to be 
the only one which has had an evolutionary 
history sufficiently like that of the Earth to 
make extensive comparisons readily pos- 
sible, and, at the same time, sufficiently 
different to make the comparisons profit- 
able in the study of both planets. 

The least-readily understood surface 
features of the planet are the several 
varieties of channel and valley showing 
many of the characteristics which would be 
associated on Earth with fluvial, glacial or 
permafrost processes. Present-day surface 
temperature and atmospheric pressure 
conditions on Mars preclude the existence 
of liquid water for other than very short 
periods unless large volumes of water are 
involved. Thus, any model of the channel- 
forming process which requires protracted 
periods of gentle water action has pro- 
found implications for the environmental 
conditions prevailing at the time the 
channels were formed. It is clearly vital to 
establish the duration of the channel- 
forming events and the times in martian 
history at which they occurred. 

Victor Baker has been associated with 
the study of the martian channels since 
their discovery. In this welcome survey, he 
succeeds in presenting a generally well- 
balanced review of the classification 
systems and morphological features of the 
channels and of ideas on their origins, 
appealing widely to Earth analogues. The 
overall picture which emerges is one of very 
slow, periglacial activity alternating with 
brief periods of catastrophic water release. 


The morphological evidence for the pro- — 


posed ice-related mechanisms is strong and 
the physical models for the processes 


involving ground ice migration seem well 
founded. 

Much of the book is devoted to those 
aspects of the larger channels which appear 
to demand catastrophic flooding by large 
and rapidly-released volumes of water. An 
extensive comparison is made between the 
martian features and the landforms 
developed in the Channeled Scabland of 
the north-western United States as a result 
of abrupt and massive water release from 
glacial lakes after failure of their ice dams. 
The morphological comparison is sup- 
ported by calculation of a number of the 
fluid dynamic parameters associated with 
both martian and terrestrial floods. While 
the evidence for the formation of the 
martian channel forms by water flooding is 
compelling, the author is at pains to point 
out that we are not yet sure of the 
mechanisms whereby huge quantities of 
water are released abruptly from within the 
martian crust — though he does review a, 
number of the suggestions which have 


_ appeared in print. 


The style of Baker’s presentation is such 
that it is hard to read individual chapters of 
this book in isolation: appreciation of the 
complete story requires reading the entire 
book. The work seems to be pitched at the 
undergraduate/postgraduate level, though 
the lay reader will have little difficulty in 
following the arguments and the large 
collection of references will be of value to 
the planetary science specialist. A notable 
feature of the book is the high quality of the 
many black-and-white photographs. The 
few typographical errors are almost all 
associated with numbers and equations 
and will be readily detected by the attentive 
reader. As much as anything else, the book 
whets one’s appetite for further advances 
in this field. s 





Lionel Wilson is a Lecturer in Planetary 
Sciences with the Deparment of Environmental 
Sciences, University of Lancaster. 
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Long derided as highly dangerous, the policy of launch under 
attack (LUA), in which one superpower would launch its land- 
based nuclear missiles on certification of a nuclear attack by the 

== other, is enjoying new respectability in Washington and Moscow. 
Ko -This heightened interest is important because LUA has been 
: regarded as so crazy for so long by so many and because it may 
well be the way in which President Reagan and Mr Caspar 
Weinberger, the US Secretary of Defense, end up solving the 
problem of how to protect the US land-based missile force. 
Indeed, in the future, LUA may be a more reasonable strategic 
option than it is now or has been — but the Department of 
Defense and the arms control community should study it carefully 
before deciding to proceed down that path. 

At present the United States does not tell the Soviet Union 
outright whether it would launch upon warning of attack or not. 
And in light of the number of errors which the warning and 

| command system could produce, and the consequent difficulty 
~+- the President would have in making rapid decisions, a US policy 
“of LUA hardly seems practical. On the other hand, the annual 
- defence posture statements setting out US military policy, during 
_.. the term of former Secretary of Defense Harold Brown, 
‘contained explicit references to the possibility that the Soviet 
Union must consider the likelihood of LUA before deciding to 
attack the United States. These hints were doubtless read with 
interest in Moscow. 

Now, however, the issue is shifting away from official verbal 
hints and the obvious problems of the present system towards a 
discussion of future US goals. The new issue is whether, in future, 
the United States could build a warning and command system it 
could rely on to execute LUA policy, not merely preserving LUA 

¿o asan option. 
-> The interest is coming from some surprising quarters. In early 
. July, Soviet defence minister Dmitri F. Ustinov suggested — 
_. without using those exact words — that the Soviet Union might 
- - - movetoan LUA policy. Ustinov was echoing what another Soviet 
-analyst had told a group of visiting Americans. Last year, the 
Office of Technology Assessment of the US Congress offered a 
surprisingly bright view of LUA asa possible alternative to mobile 
basing of the MX missile. Finally, Dr Richard L. Garwin, a well 
known defence expert for IBM, advocates LUA. Among other 


LUA advocates is Harold Agnew, former director of Los Alamos — 


National Laboratory, who is now president of the General 

Atomic Company. But Mr Weinberger, although continuing to 

mention the possibility of LUA in his posture statements, has not 
-shown any real interest in such a policy. 


Ustinov and the other Soviet official who hinted at a possible © 


. Soviet LUA policy were apparently intending to counter US 
nuclear weapons modernization. If you get a hair-trigger ability 
gainst us with your MX and other programmes, they seemed to 
y; we will be forced to respond rapidly, with LUA. Another 
iterpretation, offered recently by Paul Bracken of the Yale 
School of Organization and Management, is that the Soviet 
_ Union feels it was backed in a corner by President Jimmy Carter’s 
Presidential Decision Memorandum 59, which in 1980 shifted US 

- policy towards fighting out a nuclear war through the macabre 
idea of ‘“‘limited nuclear war’’. If the United States makes a target 
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uclear LUAnacy or sensible choice? : 


©- The policy of launch under nuclear attack seems to be finding increasing favour in unexpected 
quarters. But can we rely on machines to push the button? 


_ existing system triggers many such errors each year. Futhermore,: 


territory. If the satellites were high enough it would take: 

























































of Soviet command authorities rather than Soviet cities, the = 
Soviet Union has to consider launching its missiles early while it. 
can still command them before the US missiles could reach’ the 
target. | | 
There is, in fact, a debate about whether the Soviets could 
execute a LUA policy, no matter what they say. Soviet rockets are — 
liquid fuelled, and cannot’be kept ready to be fired ata moments 
notice, unlike US rockets which are solid-fuelled. Nor is Soviet 
command and control ona high state of alert, normally, (partly, it 
is said, to prevent Soviet generals from commandeering their 
nuclear weapons as part of some coup). On the other hand, since _ 
any nuclear attack is likely to start during a period of general high 
tension, these drawbacks may not obtain; and the Soviet Union: 
may have some chance, it is argued, of bringing off an LUA. 
Clearly a Soviet LUA policy, if only a declaratory one, should 
worry US leaders: among other things it would make Western 
Europe even more impressed by the Soviet bear. as 
The possibility of a US policy of LUA is more interesting, — 
because a practical LUA capability is for the United States only: 
several years and billions of dollars away (while the MX with its 
basing system would cost tens of billions of dollars). This was the 
conclusion, at least, of the OTA panel under Harry Woolf, 
director of the Institute for Advanced Study in Princeton. Ina 
remarkable chapter on LUA, it said, in effect, that technology is 
not an obstacle to achieving some sort of meaningful LUA : 
capability. ““Doctrine and procedures — issues of national policy, © 
not technology — more than anything else . . . determine the mp 
architecture of an LUA system,” it said. The overall report, of : 
course, did not favour any particular MX basing mode, or LUA. - i 
It merely presented several of the options to Congress. ae 
This view contradicts the conventional view, based on past and Sree 
present capabilities, that there are too many ways in which a 
warning and communications could be disrupted or go wrong or” | 
simply be ambiguous. The President cannot, it has been said, 
have enough reliable information to make the cosmic decision in 
the 30 minutes afforded by an intercontinental ballistic missile — 
(ICBM) attack or the 5-15 minutes in the case of a submarine- 
launched ballistic missile (SLBM) attack. Early warning satellites - 
could be blinded by preemptive nuclear explosions in space, or: 
mistake the signature of the missiles, or be so delicate as to trigger 
a false alert internally: and the government has revealed that the: 


SLBM’s computer accessory equipment can set off false alarms: 
the DEW line radars have ‘‘seen’’ an attack when they were only” 
looking at a flight of geese or the rising Moon. at 
The OTA report suggested that future systems could overcome- 
many of these defects — although it made no claim that a system 
could be invulnerable. Early warning satellites could be moved. 
out of crowded, geosynchronous orbit where a Soviet “space. 
mine” could attack them. Instead they could be placed by them- 
selves, further out, in unique deep orbits chosen at random, s¢ 
there would be reason to suspect the innocence of any unidenti 
fied object that approached them. Since non-synchronous orbit: 
would be used, there would have to be many warning satellites t8 
assure that at any given time, one would be ‘‘watching’’ So 





P1089 hdanenillan taurnale tsd 









reach them and knock them out. 
-The peculiar and varying orbits, and the use of ‘‘dormant”’ 
satellites as reserves, could make it very difficult for a Soviet anti- 
satellite system to knock them all out. In short, the warning 
_. system itself would contribute to security, by buying leaders more 
_ time. | 
-The report also suggested that communications links could be 
- maintained in a variety of ways: satellite communications could 
use millimetre wavelengths to avoid ionospheric disturbances 
due to high-altitude nuclear explosions. Rocket-launched 
reconstitution satellites could be on ready alert; existing 
communications satellites could be prepared to serve as back-ups. 
An LUA communications net would have an advantage over the 
~~ alternative communications nets for other MX options, in that its 
_ most crucial period of use would be before the atmosphere was 
~ disrupted by nuclear attack. 
o. Insum, the OTA report foresaw a future LUA system resilient 
-enough to warn of a major attack — such as the lightning bolt- 
-from-the-blue that the MX is meant to counter. The report 
> implies that the President would not be faced with only a few 
: minutes to think, panicked generals and blinking machines, but a 
__ relatively well ordered set of options: knowledge through early- 
warning of anti-satellite efforts, time to use the *‘hot line’, and 
sure information about the attack itself. The report went so far as 
to suggest a series of automatic LUA programmes for response, 
that might not need the President’s decision, in case he was 
incapacitated or unavailable. 
Garwin takes this one step farther. If the United States had an 
announced, self-evident and reliable capability for LUA, the 
‘Soviet Union should be deterred from ever attempting to attack, 
he says. In-attacking, the Soviet Union would have to launch its 
missiles all at once to minimize US foreknowledge. Thus, 
submarine-launched missiles would start hitting US bomber bases 
and US submarines in port 5 to 15 minutes after the launch, when 
the long-range ICBMs still had 15 minutes or more to go before 
reaching their targets. 
All the President needs to be able to do, Garwin argues, is to 





































































machines can surely provide. He would then authorize a pre- 
planned launch of the US land-based ICBMs, his only surviving 

"force. If the Soviet Union realized how automatic and surely this 
retaliation would come, Garwin says, it would be deterred from 
attacking in the first place, even against the vulnerable force of US 
land-based ICBMs. Thus for Garwin, LUA is the solution to the 
problem of Minuteman vulnerability. 

Garwin’s proposed LUA policy, with its elements of automatic 
response and certainty of destruction of the attacking side thus 
has much in common with MAD — the 1960s doctrine of ‘‘mutual 
- assured destruction”? under which the United States (which then 
had less accurate weapons than it does now) pledged to destroy 
Soviet industry and society if it were ever attacked. One way to 
-Jook at a possible LUA policy, therefore, is as a high-precision 
- version of MAD. 

As all this technological hubris of the first order? What sane 
president, or sane society, would entrust the decision about its 
likely end almost entirely to machines? If the warning could not be 
made reliable, LUA could make a mockery of human judgement 
and morality. 
“But if technology has evolved to the point where the machinery 
could be made reliable we must think again. Should we decline to 

pgrade strategic warning, and decide not to give leaders the best 
information they can get? What sane president, faced with a 
possible nuclear attack, would want to turn the calculations over 
to rows of men with abacuses to make sure the ‘Shuman element” 
was not lost in the final decision? Every day, jetliners carry 
innocent passengers across oceans and continents on automatic 
. pilot systems, yet this is not morally outrageous, so long as the 
-. pilot is there to back up the machines. 

* A society that has already delegated so much to technology, 
ought, when it comes to make a final choice, to consider 
technology an ally, too. 
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time — as much as 18 hours — for a ground-launched missile to 


certify that this attack is under way, based on information his 


AEG brought about its 
are lessons for all to learn 

The collapse last week of the West German corporation AEG- 
Telefunken has been on the cards for more than a decade, but is 


none the less to be mourned on that account. The seventh largest 
corporation in West Germany, AEG-Telefunken is a monument 





to the optimism of the 1950s and 1960s, so that its decision to 


appeal to the courts for relief from three-fifths of its still unspeci- 
fied debts marks the passing of an era. For much of the past 
twenty years, AEG-Telefunken had around its neck the albatross 
of its 40 per cent share in Kraftwerk-Union, the nuclear 
construction consortium — until Siemens obligingly bought it out | 
in 1978. During the same period, but especially at the beginning of 
it, AEG seems accurately to have appreciated that high tech- 
nology was waiting around every corner and to have determined 
to be strongly represented in them all. So was it just bad luck that 
it was not then possible to guess how high would be the cost of 
development in most of these new fields; or that technological 
conglomerates would become unfashionable; and that they 
would prove to be so hard to manage? 

Hardly. Compared with Siemens, the obvious analogue, AEG 
has been run by accountants rather than by technologists. They 
have been skilled at raising extra capital — no less than DM 1,000 
million in 1979 from the West German banks, for example — but 
apparently less skilled at matching their technical ambitions to 
reality. Even so, the efforts they have made in the past three years 
to sell off parts of the business, and to form joint ventures with 
other corporations (as with Bosch over telecommunications) have 
been insufficient. The most obvious difficulty has been that AEG 
has not been technically outstanding in any of the fields in which it 
has taken an interest. The moral, for other corporations, should 
be familiar. A technically based conglomerate, however large, 
can survive in the long run only by technical excellence. 

To many outside West Germany, it has been a surprise that one 
of the impediments to the reconstruction of AEG has been the 
resistance of the labour unions to the threat of redundancy, one of 
the reasons why the British General Electric Company last week 
pulled out of negotiations about a partnership with AEG in the 
manufacture of heavy electrical machinery. Despite the record of 
harmonious industrial relations in West Germany since the 
Second World War, it should be no surprise that unions are less 
compliant with their employers’ needs on the downturn than they 
were during the economic miracle. But the prospect now is that 
AEG will have to shed at least 40,000 of the 100,000 people it 
employs in West Germany and perhaps an even larger proportion 
of its 20,000 employees elsewhere. It is almost too much to ask 
that flesh and blood should stomach redundancies on such a 
scale. Represented as they are by law on the supervisory board of 
AEG, the unions have behaved predictability. Elsewhere govern- 
ments have stepped in to avoid trouble of this kind (as at Chrysler 
and British Leyland). 

So what will be the consequences of the decline of AEG? Those 
who will lose their jobs, like those who have lost a large part of 
their investment in the company, will be more than merely incon- 
venienced. So too in the short run will be the host of smaller com- 
panies working as suppliers for AEG. Its competitors will now . 
find the market for their goods more buoyant and more easily —_ 
attacked. The business that AEG is forced to shed will in due_ 
course be picked up by others, with the result that some of those 
now destined to lose their jobs will be re-employed. In the long | 
run, there will be two conspicuous losers. First, the legend of West 
German industrial cleverness will be permanently tarnished. 
Second, Chancellor Helmut Schmidt’s coalition government, 
which has steadfastly declined to intervene on AEG’s behalf (and 
which was politically and economically powerless to intervene) 
will be unfairly blamed by its opponents for not having lifted a 
finger and for having created the economic climate that brought 
AEG to its knees. 
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- -Japani is now poised to take a world lead in 


oe millimetre-wave radioastronomy — the 
study of molecular clouds and star- 
formation regions — thanks to a far- 


sighted decision by the Japanese Ministry 
of Education more than a decade ago to 
support the plans of Tokyo Observatory. 
For while American molecular astro- 
nomers smart under the effective 
abandonment of their own country’s plans 
.. fora large (25-metre) dish to operate in this 
.. - Wavelength range (see Nature 12 August, 
_p.596); Professor Kenji Akabane of the 
~ Tokyo Obervatory will announce this week 
‘at the International Astronomical Union 
meeting at Patras, Greece, his first 


observations with a 45-metre dish and a 
5x 10-metre-dish interferometer — a 
combination which is likely to outclass the 
millimetre-wave equipment of other 
nations for a number of years. 





Pico Veleta — a30-m dish 


This telescope complex, which took 13 
years to construct and cost £20 million, is 
now in operation at Nobeyama, 200 km 
north of Tokyo. 

There is only one doubt about the 

_ telescopes — that they are sited in Japan. 
. There they are limited by a relatively humid 
atmosphere, which absorbs low wave- 
“<-Jengths. Thus, said a British millimetre- 
wave radioastronomer this week, Japan 
may be restricted to measurements at 
wavelengths not much shorter than 1 cm, 
which in molecular terms means a 
limitation to the observations of relatively 
rare long molecules. Studies of isotopic 
abundances in the Universe — an 
important project for millimetre-wave 
astronomy — need shorter wavelengths. 
-The ‘Tokyo observatory, however, reckons 
-that Nobeyama will reach down to 2 mm. 
If the Nobeyama telescope fails to reach 
„down that far there is a chance that it will be 
ispassed within a few years by other 
illimetre-wave telescopes, planned or 
er construction. 
nce, Germany, and Spain will be 
xt, with the £15-million Institut de 
Radioastronomie Millimetrique (IRAM). 
IRAM has an administrative headquarters 
in Grenoble and two telescope sites: one in 
southern Spain, on Pico Veleta near 
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ches for the stars 


Granada, and one in the southern French 


Alps at the Plateau de Bure. 


Pico Veleta is to have a 30-metre dish, 
whose steel-work is nearly complete — but 
the telescope is unlikely to be taking data 
before early 1984. According to Dr Dennis 
Downes, one of the IRAM team, this 
telescope should reach down to l-mm 
wavelengths. But doubts have been 
expressed about that objective: the IRAM 
telescopes are to be open tothe air and Sun, 
and so they will be distorted by wind and 
differential solar heating. 

The exact shape of the dish must be 
maintained to within a wavelength of the 
radiation being studied — in other words 1 
mm. To achieve this, the steelwork of the 
Pico Veleta telescope is to be heated to a 
uniform temperature; and the Plateau de 
Bure 15-metre dishes (of which there will be 
three making a T-shaped interferometer) 
will. be stiffened with carbon fibre, cost 


Remote sensing for all at UN 


Vienna 

Remote sensing capabilities are 
emerging as a keynote of Unispace-82, the 
Second United Nations Conference on the 
Peaceful Exploration and Utilization of 
Outer Space, now taking place in Vienna. 
Virtually every national delegation 
expressed its committment to, and hopes 
for, remote sensing, and although some 
delegates privately expressed the views that 
remote sensing was still a solution in search 
of a problem, such sentiments were kept 
strictly outside of the official proceedings. 


Remote sensing, for example, is to be the’ 


mainstay of the United States “global 
habitability’’ programme which is 
expected, during the 1980s, to develop into 
an umbrella for the research scheduled for 
the US space platform. ‘‘Global 
habitability’’ is intended to open up the 
entire land mass of the Earth to human 
habitation. 

Yet the use of such techniques to survey 
another country contains the seeds of 
international tension. One of the problems 
to which remote sensing is repeatedly urged 
as a solution is the more rational use of land 


resources. But such techniques inevitably. 


cut across traditional concepts of national 
and even personal privacy. The Soviet 
Union is a strong supporter of new 


international legislation to outlaw the 


improper use of data gained by satellite. As 
Dr Andrei P. Kapitsa, director of the 
Soviet stand at the exhibition associated 
with Unispace-82 pointed out, the 
publication in the Western press of 
predicted shortfalls in the Soviet harvest 
(based on satellite data) immediately raised 
world wheat prices, causing an extra drain 
on Soviet hard currency reserves, 
Significantly, one of the most fervent 
pleas for the establishment of international 
principles on the use of satellite data came 






take some time to construct. 


- plans require environmental approval by- 


_astronomy, possibly the first basic science. 





allowing. Whether these untried methods E 
will achieve the necessary accuracy is yetto 
be seen. Moreover the interferometer, will 









Besides IRAM, Britain, together with : 
The Netherlands, plan to build a. 
£7-million, 15-metre dish in Hawaii. These: 














the Hawaii State legislature, expected- 
towards the end of this year. The British- 
Dutch dish, protected by a dome... 
transparent to the radiation, should reach 
down almost to the edge of the millimetre-. 
wave atmospheric ‘‘window”’ at 0.35 mm. = 
But observations are not expected there 
before 1986. = 
Thus Japan is likely to enjoy a 
substantial lead in this branch of 





in which it might take a world lead, at least 
until 1984. : 
Robert Waigate and Alun Anderson 





from Brazil, a country frequently quoted 
as a classic case where only remote sensing 
can provide adequate survey facilities. 
President Joao Baptista de Oliveira 
Figueiredo spoke of remote sensing as an =- 

‘“‘instrument both valuable and | 
dangerous’’ since it ‘impinges on the —_ 
sovereignty of states over their natural 
resources’’, eee 

The problem becomes even more com- 
plex with marine resources. One of the 
greatest advantages which Cuba derived © a 
from participation in the manned “‘Inter-. 
kosmos” programme, according the = 
Cuban cosmonaut Arnaldo Tamayo > 
Mendez, was the discovery of new fishing. 
grounds. However, although one of the — 
purposes of Unispace-82 was to show third = 
world countries what space techniques are 
available, and although the European. | 
Space Agency has recently offered African 
States experimental facilities aboard 
Spacelab some 25 per cent of the nations = 
represented in the United Nations havenot 
yet reached a level of development where. — 
participation of any kind in a remote ~ ; 
sensing survey is an economic possibility: — 
The use of satellites to determine fishshoals - 
in international waters could mean that. 
those shoals fail to reach the traditional 
fishing grounds of the disadvantaged 
nations. 

To obviate such inequities, some. 
speakers at the forum of non- 
governmental organizations (NGOs), 
which took place in parallel to the mai 
sessions, urged that the third world should 
strive for its own launch capability, but 
without clearly suggesting how this might 
be achieved. More practical would bë the 
creation of an international pool of land-, 
resource data as part of the United Nations _ 
committment to space. The two space- 
superpowers already have a data-pooling 
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inuing, although, as the administrator 
-of the National Aeronautics and Space 
. Administration, James M. Beggs, made it 
clear there can be no resumption of joint 
- US-USSR experiments or missions until 
the international political climate improves 
~ considerably. 

_. Several countries including India, France 
-and the host country, Austria, have already 
established their own cooperation 
`- programmes with both the capitalist and the 
socialist worlds. Yet it was occasionally 


Remote sensing satellites 


The French national space agency, the 
Centre National d’Etudes Spatiales 
(CNES), believes there is money to be made 
by remote sensing from space. Sales of data 
recorded by the two Spot satellites, 
France’s first national remote sensing 
satellites due for launch in 1984 and 1986, 
are expected to offset the capital cost of the 
satellites’ development and running costs 
in about ten years. Responsibility for 
earning the revenue will rest with Spot- 
Image, the independent company created 
early last month to market Spot data 
worldwide. 

CNES’s approach to the commercializa- 
tion of remote sensing data differs 
markedly from that in the United States. 
The US National Aeronautics and Space 
Administration (NASA), like CNES 
chiefly a research and development agency, 
has been an unwilling operator of the 
service forced upon it when data from the 
early Landsat satellites proved commerci- 
ally attractive. Potential users have 
complained that NASA was sometimes 
insensitive to their needs. 

NASA will indeed be administering the 

_ distribution of data from Landsat-D, the 
“latest satellite in the series launched last 
month, and from Landsat-D’, its 
successor, but beyond 1987 the Reagan 
Administration has insisted that NASA 
will have to get out of commerce so that the 
operational service will have to be taken up 
<- by private industry. Thus the fortunes of 
- Spot-Image will be keenly watched in the 
‘United States as well as by the European 
- Space Agency, now debating how to make 
available data from its planned remote 
-sensing satellite ERS1, and the British 
government, which is contemplating a 
| major effort in remote sensing. 
o Spot-Image’s main shareholders are 
_CNES with a 34 per cent holding, three 
French government agencies each with 10 
` per cent — the Institut Cartographique 
Nationale, the Institut Francais du Petrole 
and the Bureau de Recherche Géologique 
des Minières — and two companies, Matra 
and Societé Européen de Propulsion, with 
¥.5 per cent each. Organizations from 
Sweden and Belgium which have 
collaborated to some extent on Spot, will 
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French plans for 





these countries on the advantages their 
countries have derived from such 
cooperation. And the Polish cosmonaut, 
Miroslat Hermaszewski, expertly fielded the 
question of what benefits Poland had 
derived from participating in the Comecon 
space programme — although, only a few 
metres away, the Polish Institute of 
Cartography had on display an excellent 
series of maps, which synthesized data from 
both the Interkosmos and the Landsat 
programmes. Vera Rich 


spot satellites 


aiso have small sharehodings. Spot-Image 
will buy data from CNES and sell them. 

NASA’s early experience in selling 
remote sensing data, however, seems not to 
augur well for Spot-Image. Although there 
has been great interest in Landsat data, 
there has been no prospect that fees would 
match development costs. But, according 
to Gerard Brachet, director-general of 
Spot-Image, the market for data from the 
second generation of remote sensing 
satellites should grow by leaps and bounds 
— he reckons that Spot should earn about 
$900 million, to cover development and 
running costs, within ten years. 

The chief advantages of Spot and 
Landsat-D over earlier generations of 
remote sensing satellites is their increased 
resolution and number of spectral bands. 
Spot, for example, whose chief instrument 
is a multilinear array, will observe in three 
bands in the infrared and visible regions of 
the spectrum with a ground resolution of 
20 m and in a broad band with 10 m 
resolution. Stereoscopic images are also 
available. 

Spot data will be received and 
interpreted in Europe at ground stations in 
Toulouse (France) and Kiruna (Sweden). 
Spot-Image plans to turn round data 
within 48 hours for dispatch to users. The 
charge for one scene in digital form is 
expected to be about $1,000, but the fee for 
a photographic image has yet to be worked 
out, although it will be less. Brachet is 
confident that prices will compare 
favourably with those for images generated 
by the multi-spectra scanner aboard 
Landsat-D although comparisons with the 
thematic mapper, Landsat-D’s most 
innovative instrument, are more uncertain. 

Spot-Image is negotiating with some 
countries to receive Spot data direct via 
their own Earth stations, in which case 
there will be a copyright fee of only about 
FF220 ($40) per scene, less than the cost of 
images bought from Toulouse or Kiruna. 
The apparent discrepancy is explained, 
according to Brachet, by the prospective 
loss of about 70 per cent of potential 
images due to cloud as well as the cost of 
processing images. 

Judy Redfearn 
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African funds| 
The UK Science and Engineering 

Research Council (SERC), is reviewing 

its future commitment to the South 


African Observatory (SAO), because of 


financial pressures. South African 
astronomers currently take up 65 per cent 
of the viewing time of SAO, and SERC 
“buys” the rest for UK astronomers; has 
been suggested that this proportion be 
decreased. A recent questionnaire, 
however, revealed a strong desire within 
the UK astronomical community for this 
level of involvement to continue. 

In terms of technical sophistication). 
and size, the telescopes of the SAO (near 
Capetown) are outranked by others 
available to British astronomers in the 
Southern Hemisphere, particularly the 
Anglo-Australian and UK Schmidt 
telescopes in Australia. Paradoxically, 
SAO’s usefulness is increased because its 
telescopes are not so advanced as to be 
oversubscribed in demand and yet are 
sufficiently powerful to do valuable 
work, In particular, SAO is heavily used 
for optical and infrared photometry with} 
such objects as the brighter active galaxies 
and also cataclysmic variable and 
Cepheid-variable stars. 

Earlier this year, while reviewing its 
plans for the financial year 1983-84 and 
the following three years, the 
Astronomy, Space and Radio Board of 
SERC set up a working group to ascertain 
the need for continuing use of SAO. The 
group circulated a questionnaire, to 
which it received replies from 60 or so 
groups in the United Kingdom. SERC 
says the working group reported to the 
board in July that there was a strong user 
demand for SAO. 

The position of the board is that the 
decision will depend on scientific and 
financial considerations and that political 
issues are not relevant. According to 
SERC, however, a handful of the 
questionnaires raised political reasons for 
discontinuing the use of SAO. One 
astronomer, Dr Michael Rowan- 
Robinson, who has just completed a 
period of service on the SERC committee 
responsible for SAO, feels particularly 
strongly: “I seem to be in a minority in 
feeling that SERC should not maintain an 


jofficial link of this kind with the South 


African government. Use of the telescope 
should be left more to the | consciences of 
individual astronomers.” a a 
SERC is due soon to start negotia ngi 
its next contract. with SAO, to which it] 
now pays about. £240, 000 a year (about 25. 
per cent of the annual budget of the 
observatory) for 35 per cent of the total 
observing time. The British astronomical 
community will have a chance to review 
its use of all observatories in the Southern 
Hemisphere at the Anglo-Australian 
Telescope symposium to be held next 


month. a 
Philip Campbell 
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French Comité National 


Democracy, confusion abounds 


One of the major and unique institutions 
of French scientific democracy, the Comité 
tional, a king of scientific parliament 
h effective power over the work and 
reers of thousands of French 
researchers, is to be transformed. 
>> That fact alone would lead to a great deal 

: of heat, given the generally polemical 
French nature. But the fire has been stoked 
even higher by the decree, just published, 
which describes the transformation. It 
leaves so many loose ends that many 
French scientists remain unclear whether 
they can vote for candidates to the new 
parliament or not. 
_. This is important, because of the 
potential power invested in the Comité 
National: if a scientist can vote for a 
candidate, at least he or she is assured of 
some kind of representation. 

The Comité is the 1,200-strong board of 
assessment of the Centre National de la 
Recherche Scientifique (CNRS). CNRS is 
only one of the principal French research 
Organizations, but it is the biggest and 
arguably the most important — at least for 
basic science; this year CNRS controls a 
. budget of more than FF 6,000 million (over 
-+ £500 million), and supports 9,322 scientists 
> and 14,514 engineers, technicians and 
-administrators. In general, the best of the 
-= university laboratories are at least 
“associated” with (or partly supported by) 
CNRS. And within this organization the 
Comité National plays a role by giving its 
advice (which is usually accepted) to the 
CNRS research directors on such matters 
as the hiring and firing of staff, opening 
and closing laboratories, and the awarding 
of grants. 

The Comité National may appear to be 









.. no more than a collection of peer review 


.. committees — and it certainly does 

function in that way, divided into 45 
-sections each of 25 people according to 
"subject or research. But the Comité is 
-unique because it is an elected body, witha 
- French electorate now totalling perhaps 
' 20,000 people; and the key to the squabbles 
over the Comité is the question of what 
groups will be represented" and to what 
extent? 

Jean-Pierre Chevénenieiit, minister for 
science and industry, was unhappy with the 
: Comité that he inherited. (the last election 
- to the Comité National was in 1980; 
President Mitterrand came to power in 
_ mid-1981) for two main reasons — its 
_ subject structure was out of date, and it 
lacked representation from the technicians 








~The new decree for the Comité sorts out 
these matters, and others besides. 

Chevénement has slightly increased the 
number of Comité seats that he can name 





himself, on advice from the CNRS 


directorate. He can now name eight rather 


than nine of the 25 members of each 
Comité (the rest being elected); and four 
seats per section are now reserved for 
election by engineers, technicians and 
administrators. The remaining 12 seats per 
section (just under half) are to be 
determined by election by scientists. But 
how is a scientist to be defined in that 
context? It is here that the new decree is 
unclear, and it is here that there will be 
plenty of discussion and acrimony before 
the next elections to the Comité National, 
planned for early 1983. 

For the new decree actually decreases the 
right of certain university researchers to an 
automatic vote. Previously any researcher 
could vote; now only researchers with a 
‘link’? (the word is deliberately 
ambiguous) to CNRS may vote. This may 
be quite reasonable — after all, the Comité 
directly affects only CNRS employees — 
but CNRS is so important that researchers 
were pleased to have their little right to 
‘‘meddle’’ in CNRS affairs. 

Now that right seems to have gone. Or 
has it? According to the decree, scientific 
institutions that are not part of the CNRS 
may still appoint certain of their staff to 
vote for the Comité. Among those 
institutions could be universities. So there 
may yet be a back door to a voting right. 
And certain other categories of people do 
not have an automatic vote, but may 
receive one if they themselves apply to 
CNRS for the right. 

What this means in effect is that almost 
every scientist and technician in France will 
have some way of getting a vote for the 
Comité; but for some a vote will come more 
easily than for others. It seems the ministry 
hopes that this solution will reduce political 
argument about rights to vote, but at the 
same time it will be a hard winter for the 
CNRS elector committee which, between 
now and January, will have to decide 
exactly who can vote and why. This process 
alone will take fully six months, CNRS 
estimates. 

Robert Walgate 


US computer industry 


Paying the price 


Washington 

Federal Judge Harold H. Greene has 
raised the price that American Telephone 
and Telegraph Company (AT&T) will have 
to pay for the privilege of entering the data 
processing and computer game. 

Ruling on 11 August on the proposed 
anti-trust settlement between AT&T and 
the Justice Department, Judge Greene said 
he would accept the basic deal, under 
which AT&T gives up its local telephone 
companies in exchange for the right to 
enter the unregulated computer market. 





But he insisted on certain ‘mud f ns. 
The local telephone companies should be — 
allowed to keep publishing the Yellow | 
Pages directories, which are a big money- _ 
maker; they should also be permitted to 
market, but not manufacture, telephone 
equipment, he said. Under the original 
settlement, both of these options would be 
reserved for the parent AT&T company. 

The judge also insisted that AT&T be _. 
barred from entering the ‘‘electronic pub- 
lishing’’ field for at least seven years. This 
excludes AT&T for the time being from a 
variety of electronic information and news 
services; newspaper publishers have been 
especially worried that AT&T’s grip on the 
country’s communication system would 
give it an unfair advantage in this fledgling 
industry. Under Judge Greene’s proposal, 
AT&T apparently could still supply 
transmission lines and terminal equipment 
for such ventures, but could not do the 
actual collection and compilation of 
information. 

The anti-trust law limits the judge tooo- 
making suggestions; he cannot order — 
changes in the settlement. He can, — 
however, reject it, and Judge Greene did 
not mince words: if the parties do not agree 
to his ‘‘suggestions’’, he will throw out the 
settlement and reopen the anti-trust case — 
which has already dragged on for eight 
years. 

AT&T’s vice-president and general 


counsel, William Keefauver, said “AT&T 
has a strong incentive to accept adecree = 


and free ourselves from the business 
restrictions of the 1956 decree”. (The 1956 
settlement barred AT&T from entering the 
unregulated computer market. It resulted 
from earlier charges that AT&T was using 
revenues from its monopoly telephone 
business to subsidize its competitive 
ventures.) Failure to accept Judge Greene’s 
terms means that those barriers remain. 
Keefauver said that the judge’s suggested 


modifications ‘‘don’t dramatically Epes = 


the thrust of the decree’’. z 
The Justice Department is less certain to. 
go along with the changes. It. had 


demanded that local companies should not 
market telephone equipment — a compe- =; 
titive business — while operating as regu- 


lated monopolies. The judge ruled that this <- 
was merely ‘‘theoretical consistency’’, — 
when in fact allowing the companies to — 
market equipment would increase 
competition — and at the same time keep 
rates down. 

AT&T and the Justice Department have 
15 days to respond to the judge. Earlier this 
year, Representative Timothy Wirth 
(Democrat, Colorado) introduced legis- 
lation to stiffen the terms of the anti-trust 
settlement; he later withdrew it in the face 
of heavy lobbying by AT&T. 

The judge’s suggested changes appear to 
incorporate a substantial portion of the 
Wirth plan, in particular letting the local 
companies keep the Yellow Pages and the 
right to market equipment. But, 
significantly, the judge did not recommend 











| king off Long Lines (AT&T’s long- 
-distance network, which holds a virtual 
< monopoly on interstate communications) 
-from the more competitive divisions of the 
mpany. AT&T would thus retain Long 
nes, Western Electric (which 
manufactures. communications 
equipment), American Bell (the new 
subsidiary entering the computer market), 
: and Bell Labs without restrictions on how 
_research and development funds are 
allocated. 





Stephen Budiansky 


Re-entry plans 
Washington 
E.F. Hutton, the large US financial 
<: company, is making its second entry into 
_ the potentially lucrative field of founding 
and backing fledgling biotechnology 
companies. In September, Hutton will 
begin offering investors limited partner- 
<o Ships in California Biotechnology Inc., a 
ew company organized around the talents 
< sof- three prominent university researchers. 
>> -Hutton has already grossed $5.4 million in 
startup capital for the firm, which is now 
‘building a laboratory in Mountain View, in 
the San Francisco area. 

Cal Biotech, as the firm is called, will 
have as director of research Professor 
Brian J. McCarthy on leave of absence 
from his position at the University of 
California, at Irvine. John Baxter of the 
University of California at San Francisco, 
has agreed to consult exclusively for Cal 
Biotech, although he will retain his 
professorship at the university. The third 
star is to be John Shine of Australia 
National University at Canberra. Shine will 
also consult exclusively for Cal Biotech, 
and work for the company under contract 
at his lab in Canberra, according to Hutton 
official Zsolt Harsanyi. 

The company plans to use DNA 
techniques to develop pharmaceutical 
drugs, which could be tested and marketed 
by major pharmaceutical firms. Cal 
Biotech’s role will be limited to 
~ development and ownership of the drugs 
= themselves. Initially, the group plans to 
-pursue development of human 
pharmaceuticals including those useful for 
-cardiovascular diseases and anti- 
_ inflammatory purposes. However, Baxter 
d Shine have developed a way to produce 
je a-endorphin, the patent for which is 
jeld by: the University of California. 
xter’s laboratory has also cloned human 
and bovine growth hormone gene, SO the 
oompany’ s. work could proceed in those 


















Es “What ‘makes our company different 
i from other biotechnology companies” 
says the firm’s president Alfred G. Scheid, 
“a long term consultant and former Hutton 
-employee who makes rather a speciality of 
> founding new companies, ‘‘is the 
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sponsoring the company financially, 
Hutton has also lent one of its executive 
vice presidents, William G. Baker, to be 
chairman of the board. Hutton itself 
invested an undisclosed amount as part of 
the $5.4 million fundraising. 

Harsanyi says that come September, 
investors can put up a minimum of $5,000 
to become limited partners in Cal Biotech. 
Using a little-noted provision in the tax law 
(that has been available for research and 
developments partnerships since the 
mid-1970s), they will be able to deduct 
perhaps as much as 99 per cent of the 
money they invest if the company spends 
the money in that year. Thus, the 
attractiveness of the investment depends 
on Cal Biotech’s financial planning, which 
may explain why Hutton is taking such a 
deep interest in its management. Besides 
the tax writeoff, investors will receive a 
share of any instant royalties and profits 
the company earns from drugs that are 
sold, which could start as early as 1988, 
Harsanyi says. The company itself will be 
the general partner, splitting profits and 
royalties with the group of limited 
partners. 

The approach of forming a company 
around a group of researchers and limiting 
its scope to their research is a major switch 
for E.F. Hutton following its failure with 
an alternative approach. In February 1981 
Hutton raised $40 million to start DNA 
Science, a company planned to sponsor 
biotechnology research in many 
institutions around the world. Most of the 
initial investment was to go to the 
Weizmann Institute in Rehovot, Israel, to 
support work directed by Christian B. 
Anfinsen who had moved there after 
retiring from his post at the US National 
Institutes of Health. Baxter’s laboratory in 
California was also due for support. 

Research funding by DNA Science was 
mixed up with possible marketing rights 
granted to two major firms, and the whole 
cabbodle was to be managed by a 
businessman, E. Russell Eggers, with two 
Hutton officials, Harsanyi and Nelson 
Schneider, as vice presidents. But the 
structure of the company was too unwieldy 
and the 1981 tax law cancelled out some of 
the expected tax benefits from investment. 
So on 4 August 1981, the investors got their 
money back. 

The lesson of DNA Science, Harsanyi 
says, is that investors in biotechnology are 
attracted by key people, such as Anfinsen 
and Baxter. The most promising approach, 
therefore, is to structure a company 
around these people, not expecting them to 
do management and marketing but 
assuring their access to capital for research 
and development. Whether Cal Biotech 
can develop a group of important 
products, to see them through the hurdles 
of trials and testing, and bring its investors 
golden returns, remains to be seen. 

Deborah Shapley 


ists and access to 
a continuing flow of capital.” Besides 


























Links N pe sAr 


biotechnology research are thriving at the 


University of Leicester. Four companies 
are putting up approximately £1 million 
between them to establish a new! ] 
biotechnology centre at the university. 
And the Science and Engineering 


Research Council (SERC) has promised 


the new centre £180,000 for capital 
equipment. 

Industry’s interest in Leicester is 
particularly timely. The University 
Grants Committee (UGC) recently 
awarded the university £50,000 of its 
grant earmarked for biotechnology to 
create three new lectureships. The 
university is now hoping to persuade the 
grants committee that one of those posts, 
for a yeast specialist, should be created; + 
within the new biocentre. The others are 
reserved for a plant biotechnologist anda 
mammalian geneticist within the 
university proper. 

The companies prepared to put their 
money into research at Leicester are 
Whitbread, the brewers, Gallaher, the 
tobacco company, Dalgety~Spillers, the 
food manufactures and John Brown 
Engineers and Constructors whose main 
claim to biotechnical fame is the 
construction of the Pruteen plant for ICI. 
They have guaranteed support to the new 
centre for five years and have already 
agreed a programme of research. The 
centre will be concerned primarily with 
recombinant DNA technology, although 
questions of scale-up may be considered 
later. The research programme will 
consider plasmid DNA regulation and 
protein secretion in yeasts and the 
analysis and structure of genes in higher 
plants. 

Money from the four companies 
should be sufficient to keep about eight 
researchers employed for five years, but 
the centre will also be trying to build up aj _ 
sound contract research business. 
Patents resulting from work carried out 
under the core programme will be shared 
between the four companies and thel- 
university. The share of revenue will) 
depend on how the patent is licensed. - 
Ultimately, the centre hopes to build upaj _ 
contract research business, the profits| — 
from which will be ploughed back into 
the centre. Precisely how much the 
university will earn from its association 
with the centre remains uncertain. 

Even if the university has little to gain) 
financially, it is intended to benefit from 
the small teaching commitment that the 
centre will take on. Training is also to be 
provided for employees seconded from 
industry. Initially, the centre will be 
housed in a suite of laboratories in the 
university’s pre-clinical medical sciences 
building (for which it may pay no rent), 
but it may later build its own accom- 
modation if cash can be raised. : 

Judy Redfearn| 
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Washington 

Dr Edwin H. Land, a legendary figure in 
_ US industrial history for his invention of 
the instant camera and for founding the 
laroid Corporation, announced on 27 
ly that he would resign as a director and 
airman of the board of the company. 
-When a remaining role as a consultant 


expires at the end of the year, Land will 
~ have relinquished all direct responsibility 


for the company identified with his name. 
Since 1975, he has been gradually breaking 
his links with the corporation in order to 
devote himself to research on colour vision 
and related fields. He is now 73. 


Freedom ideal 

AS an inventor, however, Land has sur- 
prised no one in inventing an entirely new 
setting for his new career as a full-time 
scientist. Earlier this month, he gave me an 
exclusive tour of the Rowland Institute, a 
luxurious new building of brick, slate and 
oak that he has built and endowed on the 
banks of the Charles River in Cambridge, 
Massachusetts, only a few blocks from his 
old centre of operations at Polaroid. 

At present, only 25 of the 80 people 
expected to work at the institute have been 
engaged, but Land isin no hurry to fill it up 
quickly, he explained, as he mounted, two 
steps at a time, a circular stairway carved in 
poplar wood leading to a large two-storey 
=: atrium housing a Japanese style garden and 
= Off which lay two storeys of eight double- 

laboratories. 

Land’s favourite word to describe the 
idea of the institute is freedom. Here, he 
and colleagues will be free from the 
pressures of writing government funding 
proposals or the demands of industry — or, 
perhaps, the burden of running Polaroid, 
which has had its troubles in recent years. 
. Toensure this freedom, Land has endowed 
the institute with $20 million. “This is an 


oe experiment to see what will happen if a 


group of competent, intelligent and bright 
people were pursuing the substance of 
“science itself for its own sake, without 
_ thought of product or profit”, he says. 
Some of the basic work to be 
undertaken, such as the study of light- 
induced heat transfer across molecular 
surfaces, is not far from work done at 
Polaroid, which was famous for exploring 
the frontiers of the science that underlay its 
projects. ‘“‘We were very proud of the basic 
work we did at Polaroid. But while we were 
doing it we carried a very different and very 
proud burden. 

“It was a joy to make new films, new 
dyes and new cameras” said the holder of 
533 patents, who is a member of the US 
Inventors Hall of Fame, along with 
Thomas Alva Edison and others. ‘‘It is a 
different kind of joy if the product is deep 
insight into natural phenomena from 
which there may be by-products 
internally’’. The institute, like any other 
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N ew sights for Land 


non-profit group, will be eligible to apply 
for patents and to accept royalties. But, 
Land stresses, basic science will be the 
product, with any inventions that transpire 
the by-product -— not the other way 
around. Perhaps the Rowland Institute is 
Polaroid in reverse. 

The institute aims to be collegial in style, 
explains James Foley, an organic chemist 
from Polaroid whom Land hired nine 
months ago. ‘‘Each of us is a sun on our 
own project, with the others as satellites, 
and I will be a satellite on Jim’s project” 
says Land. Projects at present contem- 
plated range from Land’s own work on the 
physics of colour vision to an examination 
of the structure of biologically important 
molecules. 


Edwin Land, new perspectives 


For all its newness, its large, quiet 
library, Mexican grey pebbles and whisper- 
perfect auditorium, the institute is 
avoiding stocking up on fancy equipment 
(although each scientist may have a 
computer terminal in his office). Nor is 
Land hiring ‘‘teams’’ of people to work on 
a single project. He is opposed to both as 
too likely to drag researchers away from 
pursuing a clear, logical line of enquiry. 
Once you have a big machine, he says, you 
tend to work on problems the machine can 
do, rather than those that are most 
important or interesting. 

The enormous darkroom in the base- 
ment, for example, has only a few items in 
it. There, Land happily shows off a 
phenomenon he discovered only the day 
before, in which the eye, after exposure toa 
certain kind of light, sees the fan-shaped 
spokes on a wheel become narrower. 
“We're going to look at one thing, then the 
next, and the next, without trying to 
explain too much at first. In a sense, we’re 
returning to an older style of doing science. 
This was how Faraday worked.” 


Base of success 

Back at Polaroid, the reins of power are 
now firmly in the hands of William J. 
McCune Jr who has been with the company 
since 1939, and whom Land made 
president in 1975, chief executive officer in 
1980, and who now becomes chairman of 





the board too. McCune, who is 67, is an 
independent Polaroid power in his own 
right. One story has it that he recently 
rebuffed two would-be kidnappers in a- 
local parking lot. Most discussions of | 
Polaroid’s health and future tend. to show _ 
McCune and the board of directors seeing - 
things differently from Land, although ~ 
there is no indication of an outright break - 
being the cause of Land’s present — 
departure. : 

Indeed, Polaroid, while highly 
successful with sales of $1, 400 million, has 
had several things to disagree about 
internally. The film manufacturers have 
been hard hit by the rising price of silver in 
the late 1970s. In addition, the amateur — 
camera market, which accounts for 80 per 
cent of Polaroid’s business, levelled in 
those years in response to the recession, at a 
time when Polaroid had doubled its camera 
and film-making capacity in what proved 
to be a mistaken expectation of continued 
growth. Both US sales and sales in Europe, 
which had grown spectacularly, tailed off. 


The company workforce, which numbered __ 
now stands at» 


20,000 in 1979, 
approximately 15,000, and a number of 
high executives have been offered generous 
terms to leave to reduce management too. 

Finally, the company has gone on 
introducing the kind of spectacular, unique 
inventions for which Land was famous — — 


such as Time Zero film, an improvement. i 
on the $X-70 film first introduced in 1972 


But it has also recently experienced its first- 

real failure: Polavision, an instant movie — 
camera and film system introduced in 1977 
and withdrawn in 1979. The system came 


just when video products were coming 


along, and cost more than a comparable 
video system; the company had to write off 
an estimated $68 million and opinions vary. 
over the extent to which Land bears the 
blame. McCune is seen as strongly 
favouring the company’s decision, in 
recent years, to expand out of the volatile 
amateur camera market and : 
commerical, industrial and scientific = 
products. Polaroid now offers cameras for © 
computer graphics to industry and cameras 
for medical purposes, including nuclear 
medicine for example. | 

Will Polaroid go on being inventive after 
Land? He says ‘‘One of my functions was 
— innocently — to insulate the company 
from many of the conventional criteria by 
which companies are judged on a monthly 
or quarterly basis. 

“If with my insulation removed, the 
company becomes susceptible to these 
judgements ... this will lead to a basic 
conflict between two different approaches: | 
first, the long-term, imaginative approach 
of sensing an unmet human need and 
bringing it, by way of science, to > 
fulfillment; and second, responding toa < 
chorus of external contemporary voices.” 
What will be Polaroid’s next big invention? — 
Land laughs, but won’t say. “I hope they — 
guess what I hope it will be’’, he replies, 

Deborah Shapley — 
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oal in reserve 
_ - Robert Olby’s article ‘‘Britain’s 
öurces of coal and spent uranium fuel” 





(Nature 29 April; 296 797-801) puts into sharp 
perspective the opposing arguments about 
fossil fuels versus nuclear fuels. 

<: For the first time, the previously murky 

; di tinctions between the different classes of 
‘coal reserves have been made fairly clear. 
Previous attempts to do this have usually been 
obscured by the question of the future of coal 
‘versus other forms of energy. For example, 
“those who believe that limited government 
resources should not be invested in the coal 
industry have tended to use the most 

: -yestricting definitions of coal reserves, coupled 
<o with the lowest figures of percentage 
extraction, in order to suggest that coal has no 
~ fature. As Olby points out, referring to A.M. 
~ Clarke, the future of coal is hardly unaffected 
-by government policy. However, Olby himself 
~is impartial in the matter of policy; he is 
“simply clarifying the distinctions between 
different classes of coal reserves. 

His brief account of Jevons’s much 

misunderstood work of 1865 is also 


impressive. Jevons’s point is just as valid 


today and, apparently, just as misunderstood. 
The finite extent of our recoverable fuel 
reserves does not define the period of time for 
>. which we can exist as we are before we run out 
-of fuel. It defines the much shorter period for 


- which we can continue to expand for the same 


production-to-fuel consumption ratio. A 
statement such as “‘At present rates of 
consumption, we have enough coal for 300 
years” is thus meaningless. 

Mr A.M, Clarke, ex-Chief Geologist of the 


~~ National Coal Board, has probably done more 


than anyone else in Britain to stir up thought 
on these issues. It is good to see that his work 
is acknowledged in your pages, despite the 


<= continuing efforts both inside and outside the 


National Coal Board to denigrate his 
achievements. ANTON ZIOLKOWSKI 
Department of Mining Engineering, 

Delft University of Technology, 

Delft, The Netherlands 


Ball of fire? 


Sir — On Tuesday, 3 August, shortly after 
4.00 p.m., the Cavendish Laboratory and the 
is surroundings were struck by lightning several 
times during an exceptionally intense storm. 
“No structural damage ensued, but immediately 
-After one of the discharges a ball of light was 
“seen by a number of observers. Their 
-descriptions are not entirely consistent but 
_ certain features are agreed upon well enough 
to enable a broad description to be given. The 
discharge apparently responsible struck near 
the centre of the Bragg Building, which runs 
east-west. An observer on the ground floor of 
“the Mott Building, whose back was to the 
window, saw his room momentarily lit as if by 
avery bright object moving past rapidly 
_. towards the west, between the Bragg and Mott 
buildings, Another observer on the first floor 
saw the space. between the buildings filled with 
g luminous haze at least to the first floor level, 
sand on looking to the west noticed a blue- 
_ white light that he thought at first wasa 
De warning ‘light on a distant tower. He 








apparently noticed no motion, but his 
companion in the same room must have seen it 
an instant earlier for she had the impression 
that it was moving past and away, and 
possibly expanding as it went, being about the 
size of a grapefruit when first seen. Three 
people who saw it after that, as it moved over 
the ground to the west, agreed it looked about 
the size of the moon, was blue-white in colour, 
very bright, and was visible for some 4-5 
seconds before suddenly vanishing. 

To this reasonably well attested observation 
must be added that while an assistant in the 
duplicating room, on the ground floor, was 
ciosing a small window she was startled by a 
noise that made her think the window had 
been knocked in; a bright sparkling object, 
resembling the lights thrown out by expensive 
rockets, entered by her head, rebounded from 
a machine and left as it came. The window 
was in fact undamaged, and when examined 
next morning entirely unmarked. Both 
assistants who were there at the time are 
convinced something came into the room. 

BRIAN PipPARD 
Department of Physics, 
University of Cambridge, UK 


Badgers still snared 


Sir — | understand that the Royal Society for 
Nature Conservation, while welcoming the 
ending of the gassing of badgers by the 
Ministry of Agriculture (Nature 22 July, 
p.317) because of its inhumanity, is adamant 
that only badgers that are positively found to 
be infected with tuberculosis should be 
destroyed. We learn, however, that snaring of 
badgers is to continue (which is surely as 
inhumane if not more so than their gassing) 
which makes it impossible to test for infection 
before killing. 

GWENDOLEN BARTER 
Margate, Kent, UK 


Nuclear risks 


Sır — I find the claims of Martin Fodor 
concerning the dangers of nuclear power 
(Nature 22 July, p.320) both confusing and 
inconsistent with the available evidence. 
Studies in a number of countries have 
compared the number of fatalities from the 
routine operations of the complete fuel cycle 
for nuclear, coal-fired and oil-fired 
generation. They all show that nuclear 
generation is at least as safe, and probably a 
good deal safer, per unit output than using 
coal or oil. Martin Fodor is quite wrong to 
imply otherwise. 

These evaluations include the contribution 
from uranium mining to the hazards of 
nuclear generation. | am not aware of any 
studies showing 50-100 per cent occupational 
mortality among uranium miners, but it has 
been known since the fifteenth century that 
underground metalliferous mines give rise to 
enhanced mortality from lung disease among 
the workforce. Modern radiation safety 
standards based on the recommendations of 
the International Commission for Radiological 
Protection (ICRP) are designed to ensure that 


working with radiation safety ensures that the 


main occupational hazard in uranium mining 
is the physical risk. 


Comparative estimates of the routine risks 
from the alternative energy sources are not so 
reliably established as for nuclear and fossil 
fuels. However, such information as is 
available suggests that the risk per unit 
generation is within the range of the other 
fuels. Professor. Fremlin has pointed out that 
the idyllic village millpond has only to account 
for one drowning eyegy 200 years to be 
classified as the fifo: fazardous energy source, 








the renewalle 1 resource with which the United 
Kingdom is most generously endowed, is likely 
to involve substantial risks. 

Rare major accidents invariably give rise to 
a much smaller death rate than the routine 
operational risks for all technologies. Despite 
this, they are of particular concern because of 
society’s abhorrence of multiple fatality 
accidents. Nuclear electricity generation is 
particularly well protected against such events: 
not a single death from radiation has been 
recorded from any accident during the 25 
years such plants have been operating. Whilst 
the probability of nuclear power accidents is 
certainly not zero, all the evidence indicates 
that the risk is much smaller than for many 
other accepted activities. Anyone concerned 
about accidents which may kill large numbers 
of people should worry about technologies 
other than nuclear power which are over 100 
times more likely to cause such accidents. 

The overall conclusion can only be that no 
practicable method of electricity generation is 
particularly hazardous, nor is any so safe as to 
merit particular preference. Nuclear electricity 
generation is certainly not the most hazardous 
of the technologies we use, and may be one of 
the safer options. 

Safety is only one aspect of the 
environmental impact of electricity generation. 
In other respects nuclear power has an 
inherent advantage because it is the most 
compact energy resource available. 
Consideration of land use, visual intrusion, 
water supply, transport requirements and 
biological effects, together with the safety 
aspects, gives good grounds for the view that 
on balance nuclear power is the least 
environmentally damaging of the available 
options for providing the electricity we need. 

BRIAN WADE 
AERE Harwell, 
Oxfordshire, UK 


Oxygen treatment 


Sir — In view of the recent press publicity, 
which we understand has embarrassed many 
neurologists and general practitioners, on the 
use of hyperbaric oxygen in the treatment of 
multiple sclerosis, the Multiple Sclerosis 
Society wishes to state that at no time has it 
recommended its members to seek treatment 
with hyperbaric oxygen. 

We are awaiting with interest the results of a 
carefully monitored double-blind controlled 
study recently undertaken in America with the 
support of the American National Multiple 
Sclerosis Society. Upon receipt of the results 
of this trial the society’s medical advisers will 
immediately review this matter. 

JOHN WALFORD 
Muttiple Sclerosis Society, 
London, UK 
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the a that mito- 
chondria have opted for unusual modes of 
gene expression must surely be becoming a 
familiar one. A paper just published in 
» Nature (298, 628; 1982) by Dujardin et al. 
. shows, however, that additional surprises 
may still be in store regarding the proteins 
- that mtDNA encodes. The paper illustrates 
_ that mutations are not necessarily changes 
for the worse: a single amino acid substi- 
-tution in an intron-encoded protein is res- 
ponsible for generating a new enzymatic 
function, leading to the expression of a 
novel MRNA maturase active in splicing. 
Two years ago, Lazowska et al.! showed 
that a protein encoded in part by the second 
intron in the yeast mitochondrial gene for 
cytochrome b (cob) is required for the 


To the initiated, 


_. Splicing out of that same intron sequence 


~ from itsown mRNA, one of the precursors 
_to the mRNA: for cytochrome b. The 
protein, box3 (or bL) RNA maturase, is a 


~ chimaera, consisting of the amino-. 


. terminal half of cytochrome b, fused to an 
intron-specific sequence. Since it controls 
its own synthesis by destroying the mRNA 
which encoded it, Lazowska et al.! coined 
the term ‘splicing homeostasis’ to describe 
the self-regulation of RNA processing that 
results. 

-Other mitochondrial introns, both in 
yeast and other fungi, also contain long un- 
assigned reading frames (URFs)?-5 and 
~ Many, if. not all of them, may encode 
_ proteins with maturase action. Two series 
__of observations support this view. First, the 
-URFs display varying degrees of sequence 
“conservation, suggestive of constraints on 
. protein structure and indicating that their 
products have similar functions? % 7. 


_ Second, frans-recessive mutants. defective 


in splicing have been identified i in the URFs 
of the other two main introns of the cyto- 
chrome b gene (bl, and bI,)3-!°, 

An unexpected complication was the 
finding that numerous intron mutations of 
the cytochrome b gene are pleiotropic. 
They prevent the synthesis not only of 
-cytochrome b, but also of subunit I of cyto- 
chrome c oxidase!!. This protein is also 
fied by a mosaic gene (oxi3) and the 
xpression is known to be due toa 
the processing of the oxidase pre- 
nRNA"?.3. The effect on expression 
works i in only one direction as mutations in 
oxi3, including Jarge deletions, have no 
effect on the expression of the cytochrome 
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from Leslie A. Grivell and Piet Borst 


b gene’*)_ The link is positive as deletion 
of all or part of the cytochrome b gene 
similarly blocks oxidase synthesis'+. The 
key factor has been traced by genetic 
experiments to the fourth intron of the long 
form of the cytochrome b gene (bI,)'5. 

Several lines of evidence? !® now strongly 
suggest that the RNA maturase encoded by 
bl; is also involved in excision of al,, the 
fourth intron of the oxi? gene and one 
which is highly homologous to bl, (ref.3). 

To learn more about the requirements 
for mitochondrial splicing and about the 
components involved, Slonimski and his 
associates have developed a general 
method for the selection and characteriz- 
ation of extragenetic suppressors of 
splicing-deficient mutations located in 
introns!’ 

One of these mutations has been fully 
described in the recent report by Dujardin 
et al, The mutation (mim [mitochondrial- 
mitochondrial interaction] 2-/) is a single 
G~A transition in the open reading frame 
of al,, where it produces a glutamate to 
lysine substitution. In its presence, the 
cytochrome b gene and the mRNA 
maturase encoded by bl, are no longer 
required for the splicing and expression of 
the oxidase gene and, just as remarkable, 
expression of the cytochrome b gene in 
mutants with a defective bl, maturase is 
once again possible. Evidently, the mim 2-1 
mutation induces the synthesis of an- al, 
maturase with an activity different from 
that present in wild type. This novel 
maturase can presumably act as a substi- 
tute for a defective bI, maturase, using the 
same set of recognition sequences present 
in both pre-mRNAs!®., This explanation is 


appealingly simple; nevertheless it raises a 


number of intriguing questions about the 
origin, evolution and function of the URFs 
in yeast mtDNA, some of which are 
addressed by Dujardin and his colleagues. 
First, how is a new maturase formed 
from an ‘inactive’ one and what is the 
normal function of the al, URF? Dujardin 
et al. propose that the replacement of a 
glutamate by lysine, which changes the 
overall charge of the protein by +2, may 
bring about a local increase in positive 
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charge in a region of the protein that is. 
essential for catalytic activity. The mim2-1 
change occurs in a a-helical region of 15-18 
amino acids, which occupies homologous : 
positions in the bl, and al, URFs. The 
a-helix of wild-type bl, is more basic than 
that of wild-type al, by two or four. : 
charges, dependent on strain poly: == 
morphism, The mim2-1 mutation would _ 
make the al, translation product more _ 
similar to its bI, counterpart. 

What is the nGciial function of the al, 


translation product? The al, and bl, URFs P 


display a high (>70 per cent) homology at 
the protein level and are presumably 
derived from a common ancestor. On this. 
basis Dujardin et al.. consider two _ 
scenarios. First, the al, protein may simply 
be a pseudogene. A single substitution 
might (somewhat implausibly) still be 
capable of resurrecting the gene and 
restoring its function. Second; evolu- ~ 
tionary divergence of al, and bl, could. 
have led to a diffusible protein, endowed =~ 
with a pleiotropic splicing. activity (bla) 
and to a protein with no catalytic splicing 
activity at all (al,). A selective pressure 
against the accumulation of chain- 
termination mutations in al, would be 
provided if it had retained, or acquired, 
other functions, for example asa Structural: © 
component of the mitochondrial splicing... 
and/or translation apparatus. However,  . 
because of the extent and nature of 
sequence conservation between the two 
URFs, we prefer the idea that the wild-type 
al, translation product fulfils a maturase _ 
function, that has so far escaped detection 
by mutagenesis. The main effect of the 
mim 2-] mutation may then be to alter sub- = 
Strate specificity. _ oe 
What do maturases do and how dè they e 
do it? These are somewhat embarrassing 
questions, since not a single maturase has 
been isolated. They appear to be presentin 
such low concentrations in wild- -type yeast 
cells that they even escape detection by | 
pulse-labelling. Conclusions about their ._ 
structure and mode of action can, there- — 
fore, only be drawn from their DNA © 
sequences and other indirect evidence. All 
URFs code for proteins which are rich in- . 
basic and hydrophobic residues and whose 
overall characters are suggestive of — 


proteins. Characteristics seen in similar d 
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‘bounded re icine aee 
motifs, is thus likely to play a key part in 
< determining both protein structure and 
© enzymatic function, as does a region im- 
.. mediately downstream, in which numerous 
_ trans-recessive mutations affecting splicing 
have been identified” ®. 
Two indirect observations concerning 
maturase function are important. First, 
-© intron mutants, with defective mito- 
chondrial maturases, generally accumulate 
only high molecular weight, intron- 
containing pre-mRNAs!*:!3_ Second, 
> nuclear mutants defective in mitochondrial 
-splicing reactions have been isolated and 

“partially characterized. The defects are sur- 
prisingly specific, often involving an in- 
ability to cut or ligate the ends of a single 
intron in the gene for cytochrome b or 
- -subunit I of cytochrome c oxidase. In one 
group of cytochrome b-deficient mutants 
recently studied by Diekmann et ai.'*, tran- 
scripts consisting of bl, linked to down- 
stream exon sequences accumulated, 
indicating first that a nuclear gene product 
is required for scission of the bl,-exon 
boundary and second, by implication, that 
the bl, maturase may itself be involved in 
the initial scission at the upstream exon- 
bi, border. 

With such an intricate systems for RNA 
processing, it is remarkable that many in- 
dividual introns and their maturases are 
dispensable, in that various yeast strains, 
either found in nature!’ or constructed in 
the laboratory, can lack them entirely 
and suffer no ill-effect. So, why have 
introns? 

One view is that they are evolutionary 
relics, left over froma primitive, genes-in- 
pieces type of genome organization. 
Indeed, the high homology observed 
between introns in mtDNA of yeast and 
Aspergillus nidulans‘? indicates that at 
least some introns pre-date the common 
ancestor of these fungi. On the other hand, 
whatever role introns may have had in the 
evolution of mitochondrial genes, their 
continued retention in fungal mtDNAs 
cannot be an accident. The distribution of 
introns is highly non-random: two of the 
seven major protein-coding genes, one of 
the tworRNA genes and none of the tRNA 
genes contain introns. The maintenance of 
the introns requires a large number of genes 
_. involved in splicing; this complex system 

_. must be vulnerable to disruption by 
~ mutation. Nature is not without means to 
eliminate this costly genetic investment, 
_... because it can produce mtDNAs with fewer 
` or no introns. The introns in the fungal 
-mtDNAs must therefore confer a selective 
- advantage now. 

Among possible advantages, the most 
plausible is that additional splicing steps 
allow a more precise control over mito- 

echondrial gene expression. This could 
permit, for example, the selective sup- 
pression of the synthesis of mitochondrial 
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ation may not, however, hold for all 
introns and all fungi. The gene for the 
mitochondrial large rRNA contains an 
intron plus URF, yet accurate splicing is 
possible in the absence of the URF 
product”? (albeit somewhat inefficiently) 
and rRNA synthesis does not seem to be 
selectively repressible. Again, Aspergillus 
has also retained introns and their reading 
frames in the genes for cytochrome 6 and 
subunit I of cytochrome c oxidase, yet does 


‘not repress mitochondrial synthesis. There 


is obviously room for further speculation 
about the selective advantage of having 
mitochondrial introns and maturases. 


Finally, where do the introns and their 

l. Lazowska, 4., Jacg, C. & Sionimski, P.P. Cei 22, 333 
(1980). 

2. Nobrega, F.G. & Tzagoloff, A. J. biol. Chem. 258, 9828 
(1980), 

3. Bontz, S.G., Coruzzi, G., Thalenfeld, B.E., Tzagoloff, A. 
& Macine, G.J. biol, Chem. 255, 11927 {1980}. 

4. Waring, R.B. ef af, Cell 27, 4 (981). 

5. Netzker, R., Köchel, H.G., Basak, N. & Kimtzel, H. 
Nucleic Acids Res. (in the press). 

6. Micheil, F., Jacquire, A. & Dujon, B. Biochemie tin the 
press). 

7. Hensgens, L.A.M., Bonen, L., de Haan, M., Van der 
Horst, G. & Grivel, L.A. Cell submitted). 

8. Jacq, C. et al. in Mitochondrial Genes (eds Slonimski, 
P.P., Borst, P. & Attardi, G.) 155 (Cold Spring Harbour 
Laboratory, New York, 1982). 

9, De la Salle, H., Jacq, C. & Slonimski, P.P. Cell W, 731 
(1982). 

10. Weiss-Brummer, B., Rodel, G., 
Kaudewitz, F. Ceff 29, $27 (4982). 

it. Pajot, P., Warmbier-Kluppel, MLL.. Kotylak, Z. & 
Stonimski, P.P. in Genetics and Biogenesis of Chioro- 
plasts and Mitochondria (eds Bücher ef al.) 443 
(Elsevier, Amsterdam, 1976). 

12. Church, G.M., Slonimsk}, P-P. & Gilbert, W. Ceff 18, 
1209 (1979). 


Schweyen, RJ. & 





iTS. ‘Such an pasted vi 





insertion elements which lost hee aE 
in the course of evolution and this idea 
remains plausible. First, the sequence 
homologies found between the URFs of 
yeast mtDNA argue for a common origin > 
with subsequent dispersal around the 
genome’. Second, the hypothesis correctly 
predicts that sequences homologous to 
intronic reading frames may also be found 
outside genes**, Third, all yeast URFs 
display codon usage which deviates 
markedly from the characteristic pattern 
observed in genes for known, major trans- - 
lation products}*}. Such usage could be the 
last visible trace of a separate genetic orgin 
of URF sequences. r 
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Where has that Moon been? 


from Kurt Lambeck 


THAT tidal forces play a most significant 
part in the dynamical evolution of the 
Earth—-Moon system is beyond dispute. 
What is in dispute is the time scale of this 
evolution. One more attempt at resolving 
this vexing question has recently been 
discussed by Webb in the Geophysical 
Journal of the Royal Astronomical Society 
(70, 261; 1982). 

That this ancient subject continues to 
draw the attention of scientists in diverse 
disciplines may seem curious but is a 
reflection of the important ramifications 
of tidal evolution models as well as their 
intellectually satisfying nature. Few other 
subjects require one to delve into the 
rigours of celestial mechanics or into the 
ambiguity of an observational record that 
includes eighteenth century telescope 
observations, ancient records of eclipses 
and the life styles of Palaeozoic corals. It 
requires investigations into the solid 
Earth’s structure, into ocean tides, 
speculations on the evolution of the Earth 
and an initiation into the mysteries of lunar 
chemistry. 

A central difficulty in modelling the past 
orbital and spin configurations of the 


Moon and Earth is to extrapolate from 
present-day tide models and tidal 
accelerations. It is inescapable that most of 
the tidal energy is dissipated in the oceans! 
and that this must have been so for much of” 
the Earth’s past history. Any extrapolation 
backwards into geological time is, there- 
fore, only as good as the assumption that 
past and present tides are identical or that 
past tides can be characterized by some _ 
mathematically convenient law. Such 
extrapolations lead to the conclusion that 
the Moon must have been very close to the 
Earth some 1.5-2 billion years ago. This 
conclusion is unsavoury to most lunar | 
scientists’. 

Can this close approach, so late in the 
Earth’s history, be avoided without 
invalidating the orbital evolution 
calculations?. Is it possible to push it back 
into the Earth’s remote past? This is the- 
problem that Webb sets out to solve; how 
to compute representative tidal dissipation 
estimates for past epochs when the 
requisite detailed oceanic data are- 
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consider detailed models at specific 
geological epochs as others have 
attempted’. Instead Webb adopts an 
‘average’ ocean model and then 
stigates how dissipation may vary in 
nse to the evolving Earth~-Moon 
a. In particular, he investigates the 
endence of dissipation on the 
ency of the tide-raising force. His 













sequences of a close approach of the Moon 
can be readily averted. 

Present rates of energy dissipation are 

now quite well established as about 4.0 x 


10’? Watts (ref. 4). It is also clear that at 


least 90 per cent of this energy is dissipated 
. Inthe oceans. What remains less obvious is 
‘the mechanism by which this dissipation 
_. takes place, Is it by bottom friction in a few 
Shallow seas, or by a more global 
mechanism such as the breaking of tidal 
‘waves along shorelines or the scattering of 
tidal waves into internal modes? Advocates 
of all mechanisms can be found but it seems 
that the actual assumptions made have 
little influence on the numerical solutions 
or interpolations of the Laplace tidal 
equations. Compare, for example, the 
recent tidal models for the dominant lunar 
tide’®. AH solutions require that 
-dissipation is fairly uniformly distributed 
through the world’s oceans, and all give 
-o very, comparable results once corrections 
for the solid tide are made where 
_ appropriate, That this is so is at least partly 
-— because all solutions are either explicitly or 
implicitly constrained by observations of 
the tides. But it makes Webb’s approach of 
considerable interest for he does not have 
to make assumptions about the detailed 
ocean geometry. Instead, he considers tides 
on a hemispherical ocean? whose 
orientation with respect to the Earth’s 
.. rotation axis is allowed to vary through all 
-possible values. Dissipation is introduced 
F by requiring that the decay time of tidal 
-energy equals the average observed value. 
= Fora given frequency of the tide — defined 
by the Earth-Moon distance and the 
__Earth’s spin rate — Webb averages the 
_ power estimates over all orientation angles 
_ with the acceptable rationale that the time 
constant for plate tectonics is much less 
_than the age of the oceans. The variation in 
‘the ocean geometry with time is therefore 
accounted for in this statistical manner. At 
any one frequency, strong resonances are 
encountered as a function of the 
orientation but Webb finds that, when 
~averaged, these isolated resonances are 
\oothed out and that any resonances in 
¿averaged power curve occur at 
neies that are lower than present and 
ues: the further one goes into the 
| he ‘greater becomes the separation 
between the forcing and resonance 
frequencies. g 
Consequentially, past rates of orbital 
evolution will be less than if the Q or 
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portant result is that the rate of tidal 
ergy dissipation has been less in the past 
‘than it is now and that the calamitous con- 





dissipation function of the ocean had been 
held constant, and Webb concludes that 
the close approach may never have 
occurred at all. Quantitatively his results 
may not be very significant but the general 
trend that emerges is. Evidence for reduced 
dissipation in the geological past has also 
been found in palaeontological records of 
the Earth’s. rotation where growth rhythms 
in corals and bivalves point to less 
dissipation over the past 400 million years 
than occurs at present’. A similar 
conclusion was also reached from explicit 
model studies of past ocean tides’. 

A word of caution seems appropriate 
however. The resonance frequencies of the 
ocean basins depend on the ocean scale as 
well as on the ocean depth. Thus by fixing 
the decay time, Webb also assumes that 
these factors have not changed much. The 
approximate period of the free oscillation 
is given by 2L/(gh)'? where L is the 
characteristic length. scale, h the average 
depth and g is gravity. If, on the average, L 
is greater than today, as when the oceans 


From CoA to complement: thioesters 
as the spring in the molecular mouse trap 


from John Fothergill 


To most biochemists, thioesters mean 
coenzyme A and fatty acid metabolism. 
They are remarkable for their high free 
energy of hydrolysis and their participation 
as metabolic intermediates. With this 
background, the discovery of thioesters in 
proteins came as something of a surprise. 

There is now good evidence that two of 
the complement proteins, C3 and C4, and 
the plasma proteinase inhibitor a,-macro- 
globulin contain an internal thioester 
formed from the side chains of a cysteinyl 
and a glutamyl residue four positions apart 
on the polypeptide chain. In the native 
protein, the thioester is apparently buried, 
but on activation of the protein by 
proteolytic cleavage the thioester is 


exposed to the surroundings, readily 


generating a free thiol and an active acyl 
group that can react with nucleophilic 
amino or hydroxyl groups. This leads to 
covalent attachment of the thioester 
protein to adjacent protein or carbo- 
hydrate. Thus a single proteolytic cleavage 
of the protein containing the thioester leads 
to covalent linking of the activated protein 
to a nucleophilic group in its immediate 
environment. What are we to make of this 
‘molecular mouse trap’? 

It has been known for a long time that 
complement components, once activated, 
adhere strongly to cell surfaces. This was 
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were auka into the: Pangea ¢ ci 
then the driving force will have b 
further away from. resonance than. iti 
now. If the ocean depths were less in the - 
past, if the present basins evolved only 
relatively late in the Earth’s history, then 
the difference between the forcing and - 
resonance frequencies also increases. Thus- 
some cancellation of Webb’s result may — 
occur. I rather doubt that this will be 
significant and those who argue that the _ 
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explained as an interaction between a. 
hydrophobic region on the complement — 
component, revealed during proteolytic .~ 
activation, and the cell. membrane. The- 
relatively short half life of the activated °. 
complement components was explained in. 
terms of conformational rearrangement Of 
this hydrophobic binding region. The first 
evidence! that the reaction could be a 
covalent one came from the detection of 
proteins in SDS-polyacrylamide gel elec- 
trophoresis that had higher molecular — 
weights than the C3 polypeptide chains. : 
they were known to contain. Similar - 
evidence has been obtained for the covalent 
binding of C4 (ref. 2) and C3 (ref. 3) to: 
antigen-antibody aggregates. During th 
last two years evidence for this “interna 
thioester has been accumulating rapid 
Publications have been’ overwhelmingly 
confirmatory, if somewhat repetitious. | 

Much of the evidence for the thioester j in 
C3 has come from the work of Janatova 
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Fig. 1. Amino acid sequences ond iea 
thioester site of C3 (ref. 4), C4 (ref. SJand 
a,-macroglobulin (ref. 6). The cysteinyl = ae 
and glutamyl residues contributing to the 
thioester are marked by an asterisk... 
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the present position. The glutamyl residue 

of the thioester can be labelled with 

radioactive | methylamine producing the 

orresponding y-glutamylmethylamide; 
the thiol group reacts with the usual 
reagents. Labelling studies have shown 
clearly that the reactive residues are in the 

C3d. part of the C3b molecule which is 

known to contain the membrane-binding 

site. The amino acid sequence of this part 
of the polypeptide chain has been 
_ determined and it is obviously homologous 
not only to the corresponding region in C4 
(ref. 5) but also to the thioester sequence 
-in @,-macroglobulin® (Fig. 1). Model- 
- : building studies have shown that the 
- thioester cannot form if the polypeptide 
adopts an a-helix, B-sheet or B-turn 
conformation, but it is possible to arrange 
the atoms without undue strain in an un- 
usually sharp bend that allows the glutamyl 
carboxyl and cysteinyl thiol groups to ap- 
proach close enough to form the thioester. 
The whole thioester story is intimately 
bound up with the question of 
conformational rearrangement during 
activation. Intact C3 is known to show 
‘circular dichroism spectra that are 
< Significantly different from those of a 
=- Mixture of its activation products C3a and 
~.C3b (ref. 7). Treatment of C3 with 
methylamine or by freezing and thawing 
also produces evidence of conformational 
changes? and renders the C3 haemolytically 
inactive. Interestingly, evidence for an 
increase in exposed hydrophobic surface 
occurring concomitantly with this confor- 
mational change was also obtained’. 
Whether the biological activity of C3 and 
C4 depends on both covalent attachment 
by virtue of the thioester cleavage and 
hydrophobic interactions resulting from 
< conformational rearrangement remains to 
` be unequivocally demonstrated. It is note- 
worthy that the structurally homologous 
complement protein CS has similar pro- 
perties but no thioester. 

The discovery of these thioesters has 
opened up many new possibilities in 
mechanisms of complement activation and 
in more general aspects of protein 
chemistry. The suggestion has been made 
that spontaneous hydrolysis of the 
thioester in C3 may generate C3b-like 
activity that could form the nucleus of aC3 
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and Tack, ‘and a recent tpaper* summarizes convertase for the alternative pathway'. 





The implications for biosynthesis are 
particularly fascinating. At what stage of 
maturation is the thioester formed? Is there 
a thiokinase, with requirements for a 


nucleoside triphosphate, or ee the 
folding of the nascent polypeptide chain 








contribute all that is necessary? Is the 
Lippman ‘squiggle’ the spring of this 
molecular mouse trap? G 


Focus on filaments: 
embryology to pathology 


from Birgitte Lane and Brian Anderton 


A RECENT workshop* provided a useful 
summary of current research on inter- 
mediate filaments. With actin and tubulin, 
these filaments constitute the third fibre 
system of the cytoskeleton. They are 
morphologically well defined (as 10 nm 
filaments) and stable in vitro, and show a 
biochemical heterogeneity which is 
developmentally regulated. Each class of 
intermediate filament is restricted in vivo 
by tissue differentiation: vimentin to 
mesenchymal cells, desmin to muscle 
tissues, keratins to epithelia, glial fibrillary 
acidic protein (GFAP) to astroglia and 
neurofilament proteins to neurones. Given 
this apparently ideal experimental system, 
it is frustrating that so little is yet known 
about intermediate filament function. 

However, progress is being made. Some 
synthesis is becoming possible regarding 
molecular structure, as Geisler (Max 
Planck Institute, Goettingen) showed in 
proposing a model for vimentin-like 
proteins, based on primary sequence data. 
The model molecule has three domains 
separated by enzyme-sensitive hinge 
regions: (1) a short, basic, folded head 
piece (about 7.5K) sensitive to proteolysis; 
(2) a long (38K) middle piece, helical and 
very acidic; and (3) a short tail piece, about 
5.5 K and probably globular. The mid- 
piece helix has a hydrophobic edge which 
may stabilize the intertwining of molecules 
into protofilaments, while charged patches 
on other parts of the helix may aid 
association into 10 nm filaments, Mid- 
pieces can aggregate into filamentous and 
sheet-like structures, but the head and tail 
pieces seem to be necessary for correct 
assembly of filaments. 

Quax (University of Nijmegen) reported 
the DNA sequence of a cloned hamster 
vimentin gene: there may only be a single 
gene for vimentin in mammals, in contrast 
to the multiple genes for keratins described 
by Green (Harvard Medical School). 
Surprisingly, keratin, and not vimentin, is 
the first type of intermediate filament to 
appear in ontogeny. The first keratins 
appear in the morula (Jackson, University 
of Geneva) as a pair of polypeptides of 53K 
(basic group) and 44K (acidic group). 


_ Franke (German Cancer Research Centre, 





“The EMBO-sponsored workshop “Intermediate filaments in 
differentiation and pathology’ was held at the end of April in 
Gunzburg, FRG, 


Heidelberg) declared this to be the simplest 
keratin profile, therefore presumably the 
minimum required for filament formation. 
It was clear from many two-dimensional 
gels shown at the meeting that keratins can 
be classified as either acidic (smaller) or 
basic (generally larger). Presumably it is 
this complementarity of charge and size 
that restricts the major epidermal keratins 
to obligate heteropolymerization, as 
described by Steinert and colleagues some 
years ago. 

Although some adult epithelia retain an 
almost embryonic simplicity of keratins, 
most differentiating epithelia acquire a 
more eleborate keratin profile, cul- 
minating in epidermal keratinocytes. 
Franke reported that 19 separate human 
keratins have now been identified. Sun 
(Johns Hopkins Medical Institute) 
suggested an ontogenic ‘tree’ model to help 
visualize the developmental complexity of 
the epidermis, which he demonstrated 
using three complementary monoclonal 
antibodies. Monoclonal antibodies to 
keratins can be used to detect non- 
keratinocytes in complex epithelial tissues 
(Lane, ICRF), and an elegant presentation 
by Moll (German Cancer Reserch Centre) 
showed how keratin microheterogeneity 
within a tissue or tumour could be 
scrutinized by two-dimensional gel 
electrophoresis of laser-dissected frozen 
sections. 

Co-expression in situ of different types 
of intermediate filaments in one cell has 
only been reported in restricted situations, 
usually involving an overlap early in 
development between vimentin and the | 
later-appearing tissue-specific class. Two — 
cases of filament co-expression in adult. 
cells were described at the meeting: 
astroglia, which by consensus of opinion 
usually contain vimentin as well as GFAP, 
and aortic smooth muscle, where cells may 
contain desmin or vimentin or both 
(Frank, Wistar Institute). Otherwise, the 
tissue specificity in situ of the non-vimentin 
filament classes remains clear-cut. 

Do tumours express the filament type 
characteristic of the normal cell from 
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of i imedia e filaments i is retained in the 
tumour, and vimentin does not appear 
inappropriately. This was demonstrated by 
Osborn (Max Planck Institute, Goet- 
n) in the keratin-positive, vimentin- 
ive phenotype of intestinal cancers, 
he desmin-positive, vimentin-negative 
notype of rhabdomyosarcomas. 
1 the other hand, tissue culture can 
, dify filament expression, in that 
-= vimentin appears in most cultured cells. 
= The meeting heard the first report of 
vimentin in epithelial cells in the body, 
however. Ramaekers (Catholic University 
of Nijmegen) observed vimentin in car- 
cinoma cells growing as ascites, that is, in 
Suspension, but when growing as a solid 
¿< “tumour these cells only expressed keratin. 
C ‘This may be a clue to the significance of 

"vimëntin induction. 

-= Pathologists at the meeting agreed that 
-intermediate filament antibodies are useful 
= for identifying the origin of tumour 
< metastases when standard histological 
© methods are inconclusive. Improvements 

were suggested to avoid the need for frozen 
sections, since most intermediate filament 
antibodies react poorly with aldehyde- 
_fixed material. Osborn showed high- 

_.. quality immunofluorescence preparations 
of methanol-fixed, paraffin wax- 
o embedded material; Coggi (University of 
~ Milan) used formalin-fixed material, but 
«| amplified sensitivity with multiple biotin- 

_ avidin complexes. 

_. Itissometimes of immense medical value 
_ to beable to identify the origin of displaced 
cells. Virtanen (University of Helsinki) 
-= reported the presence of GFAP-positive 
(that is, astroglial) cells in amniotic fluid 
from anencephalic fetuses, and in many 
cases of spina bifida; normals were 

- negative, since unless nervous tissue is 

-. exposed the glial cells cannot get into the 

<: aminiotic cavity. 

_» Two examples of a pathological ex- 
~~ pression of intermediate filaments were 
discussed: Mallory bodies (containing 
l in) of liver cells in alcoholic cirrhosis 
(Denk, University of Vienna) and neuro- 
fibrillary tangles of Alzheimer’s senile 
ementia (Anderton, London, and 
<- Bignami, Havard Medical School). 
Anderton reported that the neurofibrillary 
`- -tangles could only be stained by some of a 
group of neurofilament-staining mono- 
clonal antibodies, and similar partial cross- 
reactivity with conventional antisera was 
reported by Bignami, implying that 
neurofibrillary tangles contain structurally 
altered neurofilaments. 
<- Perhaps the most unexpected reports 
ame from studies of mitosis. Franke and 
eir independently described how keratin 
break up into balls during mitosis 
ial cell lines. This fact is not widely 
: probably because of the preference 
oblast models in cytoskeleton 
Lane described how the balls, 
phase, i be associa ted 
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said there was no evidence for: the 
involvement of proteolysis. This dis- 
ruption during mitosis is apparently not a 
tissue culture artefact, since Franke 
showed the effect ina human carcinoma. It 
was agreed that not all cell lines show the 
phenomenon, and Lane suggested a link 
with the speed of the cell cycle, such that 
more slowly dividing cells maintain intact 
filaments. Since keratins are difficult to 


steroid receptors recognize _ 
DNA sequences? 


from J.R. Tata 


On the twentieth anniversary of the Jensen 
two-step model of steroid hormonal re- 
gulation of gene expression! there is, at 
last, good evidence for one of its chief 
predictions. According to the model, 
steroid hormones interact in their target 
tissues with a high-affinity cytoplasmic 
receptor protein, and the interaction leads 
to a conformational change in the receptor 
such that the hormone-receptor complex is 
rapidly translocated into the nucleus. The 
receptor or receptor~hormone complex is 
then thought to interact with a variety of 
nuclear components in order to induce or 
modulate transcription of a few well 
specified genes. A prime nuclear target is 
DNA itself, but only recently has there 
emerged the first strong evidence to suggest 
sequence specificity of the interaction, at 
least in vitro. 

In a recent study from Strasbourg, 
Mulvihill et af! have most effectively ex- 
ploited recombinant DNA technology and 
affinity chromatography to investigate the 
possible sequence specificity of interaction 
between the progesterone receptor and the 
genes of the egg-white protein that are 
induced by progesterone in the chicken 
oviduct. By adaptation of the oestrogen 
receptor DNA competition assay of Kallos 
and Hollander’, Mulvihill et al identified 
several cloned fragments from five chicken 
egg-white protein genes regulated by 
oestrogen and progesterone which could 
compete with calf thymus DNA for the 
progesterone receptor. 

By testing deletion mutants, produced in 
vitro, of a fragment of the ovalbumin gene, 
Mulvihill ef al, were able to narrow down 
the receptor recognition site to a region 
250-300 base pairs (bp) 5’-upstream from 
the transcription initiation site, although 


recombinant fragments from other regions 


of all five genes (including exons and in- 
trons) were also found to be efficient com- 
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ditions, this” “may be an in esti 
experimental system. E 
Thus, with some useful dat 
molecular structure, and the availability 
systems in which the cell reorganize 
filaments in sifu, we may soon understa 
how, and why, these molecules intera 
the cell. Meanwhile the usefulne 
filament antibodies in medical diagr 


field of cell biology. 


petitors for the receptor, They theri derived 
a consensus sequence of 19 nucleotides — 


ATCCCATTATCTGCTTGTA 


not detected in a similar region of the 
globin gene, which is thought to be 
recognized by the progesterone-receptor : 
complex. 
It is interesting to compare the results of : 
the Strasbourg group with findings from 
Schrader and his co-workers in Houston 
who have used a direct nitrocellulose DNA 
binding assay*~*. Schrader also recently 
reported an A + T-rich region 135-250 bp 
upstream from the mRNA start site which 
is recognized by the progesterone re- 
ceptor’. Photoaffinity labelling of the 
receptor with a synthetic analogue of 
progesterone (R5020) enabled this groupto 
confirm their earlier suggestion that only 
one of the two subunits (A subunit) of the 
receptor recognizes DNA, while the other 
binds: to chromatin (presumably to a- 
protein component). However, the result: 
of the two groups differ in some important 
respects. Whereas Mulvihill ef al, find that 
the progesterone receptor. specific 
recognizes and binds to double-strandec 
DNA, the Houston group reported th: 
progesterone receptor acts as anu 
or helix-destabilizing protein. and 
preference for single-stranded DNA 
Strasbourg group ascribes this n 
inconsistency to several. difference 
methodology. They stress that mo 
used a crude cytoplasmic extract, in 
contrast to the highly purified preparati ; 
used in Schrader’s laboratory, and th 
over-purification may have removi 
another component essential for t 
sequence-specific recognition of dou 
stranded DNA. They also point out 
their assay measures the exten 
competition by soluble DNA 
progesterone-receptor complex to- D 
already bound to cellulose, whereas 
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ptne | carolineka Institute i in i Stocthoin: 
var et al.’ have suggested that the 
ptor for glucocorticoid hormones 
gnizes specific DNA sequences of 
rine mammary tumour virus (MMTV) 
hin or neighbouring the gene, although 
» precise location of all possible 
equences has not yet been determined. 
heir receptor preparation was purified 
0,000-fold (that is, to about 50 per cent 
mogeneity) and tagged with the 
mthetic glucocorticoid >H-triamcinolone 
cetonide as the radioactive ligand. In a 
separate report, the San Francisco group 
has described how a4.5 kilobase pair (kbp) 
EcoRI fragment of MMTV DNA cloned in 
plasmid pMTV2, which contains the long 
terminal repeats encoding the transcription 
Start site but lacks 4.4 kbp of the rest of 
MMTV DNA, induced glucocorticoid- 
responsive transcription when introduced 
into cellular DNA®. Payvar et al. showed 
‘by XP end-labelling that the MMTV DNA 
fragment was specifically retained on 
nitrocellulose filters when bound to the 
glucocorticoid receptor preparation. Three 
different types of competition binding 
experiments demonstrated that the 
-receptor selectively binds to at least four 
widely separated regions of MMTV 
proviral DNA. One of these binding sites 
“was located 110-449 bp upstream of the 
“promoter for MMTV transcription. 
Preliminary observations (for which 
experimental data have not yet been 
provided) revealed that at least one 
“receptor binding site is located several 
kilobase pairs downstream from the start 
“site of MMTV transcription. 
_ How relevant are these in vitro receptor 
‘DNA binding studies to the physiological 
action of steroid hormones? Pongs and his 
colleagues in Bochum have provided the 
first direct evidence for the in vivo 
Jocalization of a steroid hormone-receptor 
-complex at the site of hormone-activated 
genes’. In the first of two papers, they 
howed that the insect metamorphic 
ormone f-ecdysterone can be covalently 
‘ixed by photolabelling to specific 
ormone-induced puffs of the polytenic 
romosomes in the salivary glands of the 
d instar larvae of Drosophila. By using 
Vestern’ blotting technique of 
ization of ecdysterone antibody on 
e nitrate filters, and two- 
ional gel electrophoresis, the second 
nvincingly demonstrates that UV 
i- cross-links ecdysterone to a 
Je protein of molecular weight 130,000 
Drosophila larval salivary glands 
rosop hila tissue fea celis. This 














The technical innovations in theae recent 
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| > regulating p ee ‘but they. leave: 


unanswered some important questions and 
raise a few new ones. First of all, 
discrepancies resulting from different 
techniques must be resolved. Then, there is 
the unresolved question of the high number 
of nuclear receptor molecules associated 
with full hormonal response. Although 42 
sequences homologous to the 19 bp 
consensus segment were detected in the 14 
kbp of known egg-white protein gene 
sequences, this number, even after 
generous extrapolation, does not explain 


‘the several thousand receptor binding sites 


normally found per cell nucleus. In this 
context, it is worth pointing out that the 
relative intensity of interaction between the 
progesterone receptor and specific 
5’-upstream DNA sequence is only 10-40 
times that observed with non-specific 
sequences such as calf thymus DNA or 
cloned globin genes'°. Does this fact 
suggest that numerous other binding sites, 
not on DNA but on chromosomal proteins 
(also known as ‘acceptor’ sites), 
ribonucleoproteins, nuclear matrix and 
even non-nuclear sites, are required to 
induce alterations in overall structural 
conformation in order fully to maintain 
transcriptional activity? Will the results 


“regulato of egg-whit g 


‘ne expression? — 
In vivo functional tests, such as the 
introduction of viral sequences in a cell 
containing the rat glucocorticoid receptor, 
or the photoaffinity bonding of ecdy- 
sterone to its receptors in Drosophila cells, 
represent important approaches to be 
explored further. The next major advance 
will be the successful introduction of 
receptors in cells lacking these regulatory | 
molecules and the manipulation of genes 
coding for the receptors. There is still some 
way to go before we can derive a unified 
concept of how hormones regulate gene 
activity, but what we learn along the way 
will be most valuable for our under- 
standing of the multiple mechanisms of 


eukaryotic gene expression. s 
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Molecular heterogeneity 
and the nervous system 


from Colin J. Barnstable 


THE nervous system has an anatomical and 
physiological complexity that is 
considerably greater than that of other 
tissues and is seemingly part of a generally 
increased level of molecular complexity. 
The complexity arises both because the 
nervous system consists of more cell types 
and subtypes than other tissues and 
because a given neural cell seems to have a 
greater molecular complexity. Mono- 
clonal antibodies are now providing an 
important new means of tackling this 
heterogeneity and of recognizing similari- 
ties and differences in neural cell types. 
Indeed, the use of monoclonal antibodies 
has grown so rapidly that two major review 
volumes on the fledgling subject of 
‘neuroimmunology’ have already been 
published'. Two recent papers’* provide 
good examples of the approach currently 
being taken by a number of laboratories. 
In one paper, Hawkes et al? used a 
synaptic plasma membrane fraction from 
rat cerebellum to immunize mice for 
monoclonal antibody production. In the 
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other, Sternberger ef al.* used a crude 
homogenate of rat hypothalamus as the 
immunogen. 

Both papers describe antibodies that 
stain sections of rat brain in a manner 
characteristic of neurofibrillar staining. 
This makes it likely, though not certain, 
that these antibodies are staining neuro- 
filaments, the class of intermediate 
filaments unique to neurones. Unlike 
intermediate filament types of other. 
tissues, which consist of similarly sized _ 
polypeptide chains, neurofilaments have 
been isolated as a triplet of distinct 
polypeptides of molecular weights 
200,000, 140,000 and 68,000 (ref. 5). 
Hawkes etal, found one such antibody that 
stained the cerebellum and reacted with a 
polypeptide of molecular weight 30,000. It 
is not yet clear whether this represents a 
new neurofilament polypeptide or whether 
it is some neurofilament-associated 
molecule. The staining patterns given by 
the other neurofibrillar antibodies were not 
identical, which suggests that either the 
neurofilament polypeptides are distributed _. 
differently between various neuronal cell 
types or that one or more of the. 
neurofilament polypeptides exists in a 

















































































- analysis of the antigens recognized by these 
~ monoclonal antibodies should resolve this 
ae question. 

et A important point to emerge from 









nt subpopulations of neurones in 

nt brain regions. An example given 

rnberger et al, is the antibody 02-135 

hb labels pyramidal cells in area CA2 

not CAI of the hippocampus, Purkinje 

cells but not granule cells of the cerebellum, . 

and stellate cells but not pyramidal cells of 

_the cerebral cortex. 

_ The interpretation of such results is 
complex. Similar results using antibodies 
raised against the leech nervous system 
were interpreted as suggesting a possible 

functional interaction or neural sub- 

<- network between the labelled cells®. While 

«this is indeed possible, mammalian studies 
. Suggest a different interpretation. It seems 
as if each antigen can be used for one class 

of cells in an area of the nervous system that 

-is physiologically and anatomically 
separated from other regions in which the 

‘same antigen appears. Clearly further 
characterization of the respective antigens 

¿is required since any interpretation will 
depend on whether or not the same 

< molecule is being detected in the various 
=- gels. Hawkes et al. have shown that some 
antibodies that give very distinct immuno- 

cytochemical staining can react with a 

. < number of polypeptides of different 

molecular Weights and the general 

-~ problems of cross-reaction of monoclonal 

antibodies have been discussed in these 

~ pages recently’. If we view the nervous 

_ system as having evolved by duplication 

_ and divergence of cell types or even whole 

neuronal networks, then the problem of 
cross-reactions between related molecules 

is going to be particularly acute. 
< Qne antibody produced by Hawkes 
~~ etal. has been characterized more fully’ 

-cand shown to recognize a 23,000 

_ molecular weight polypeptide that is 

-present in all neurones. Both anatomical 

— studies and subcellular fractionation 

experiments suggest that this antigen, 

named MIT-23, is restricted to neuronal 
mitochondria. During cerebellar 
development this antigen appears after the 

“final cell division or migration of the 
“neurones. It is at present unknown whether 

~~ this molecule carries out a function that 

~ only appears in postmitotic neurones or 

_.. whether it is a neurone-specific isozyme of 
“a common mitochondrial component, 

another isozyme of which is present in the 
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riety of isotypic forms. Biochemical «í ividir 


these papers is that an antibody can label - 


would be reminiscent of one of the first 
immunologically identified ‘brain-specific 
antigens’, the 14-3-2 protein, that turned 
out to be a brain-specific subunit of the 
enzyme enolase that is only expressed in 
postmitotic neurones’. 

Because of the different methods being 
used to characterize antibodies by different 
laboratories, and the different extents of 
characterization, it is often difficult to 
compare results in different papers. A 


BIRPS: deep seismic reflection _ 
profiling around the British Isles | 


from D.H. Matthews 


BIRPS* is investigating the geological 
structure of the lower part of the 
continental crust and of the underlying 
uppermost part of the Earth’s mantle in 
and around the British Isles, using seismic 
reflection profiling techniques developed 
by the oil industry. The technique can be 
used at sea or on land and is similar to echo 
sounding: sound from an explosion at the 
surface passes down through the rock 
layers and is reflected back to a detector at 
the surface from inter-layer boundaries, 
across which there is a change in acoustic 
impedance (the product of sound velocity 
and density). 

Two lines (MOIST and WINCH) have 
been shot so far — both offshore, as 
shown on the map (Fig. 1). The sound 
source was an array of air-guns which 
released compressed air into the sea every 
50 m along the ship’s track. Reflected 
sound was detected by a towed streamer, 3 
km long, containing hydrophones 
arranged in 60 sections each 50 m long. By 
adding the returns from 30 consecutive 
shots recorded from sections 2, 4,6. . . 58, 
60 and correcting for the increasing length 
of the raypath it was possible to add 30 
reflections from a common point on the 
reflector (30-fold coverage). The recording 
equipment was run for 15 s; sufficient for 
the sound to travel to about 45 km beneath 
the surface and back again if the mean 
crustal sound velocity is 6 km s-t. 

MOIST obtained what are arguably the 
best deep seismic reflection data in the 
world! (Fig. 2). The crust-mantle 
boundary, the Moho, can be traced as a 
strong reflector along the greater part of 





*BIRPS (The British Institutions Reflection Profiling 


Syndicate) is made up of members of university earth science 
departments and the Institute of Geological Sciences, The core 
group receives an annual grant from the Natural Environment 
Research Council and Shell (UK) supports a visiting scientist. 

Data from the first seismic reflection ine shot (MOIST) are on 
open file at the Institute of Geological Sciences, Edinburgh, and 
are available for the cost of reproduction. The data from the 
second line CRINERI will ae available i im July 1983. 


From 1 Cetoner 1982 D. H: ‘Matthews will be a 


senior research associate in the University of 


ia Director a the BIRPS core abies 


“some of the results are based © on 1 reactions 


‘of molecular complexity that may be 





of uncloned antibodies, as in the case 
above. One thing that is clear, however, is 
that we do not yet know the full extent of 
the molecular complexity of the nervo 
system. The challenge facing those who 
would like to find molecules carrying out 
particular function is to identify them 
against what is clearly a high background 


completely incidental to those functions. 


the profile westwards from the Pentland | 
Firth until it apparently terminates against 
a second strong reflector (the Flannan 
Thrust?) which can be followed downto 40 
km depth. The Moho depth of 27 km 
agrees with that obtained on the LISPB 
refraction line where the two lines — 
intersect?. Further velocity information- 
was obtained from two-ship multichannel . 
experiments*. The Outer Isles Thrust, | 
which was reactivated as a normal fault in 
Mesozoic time, can be traced-down asa 
planar reflector dipping at about 30° 


Fig. 1 Outline of the British Isles with the ve 
positions of deep reflection lines: MOIST 
(Moine and Outer Isles Seismic Traverse, 
180 km, shot 1981 by Western Geophysi- __ 
cal), WINCH (Western Isles and North 
Channel Traverse, 1,000 km, shot 1982 by. 
GECO International), SWAT (South West 
Approaches Traverse, planned for 1983). 
Meridians 0° and 10°W and parallels: 50° 
and 60°N (the top border) are shown, 
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almost to the Moho, but the Moine Thrust 
is less easy to identify. At the eastern end of 
he profile there are easterly dipping 
reflectors which appear to pass up into the 
‘boundary faults of rotated blocks of 
‘Devonian sediments and are interpreted as 
<: imbricate thrusts reactivated as normal 
= faults during a later period of stretching. 
< There is a close parallel here with easterly 
- dipping reflectors seen at the seaward end 
“of COCORP profiles across the Ap- 
; palachians*’. 

WINCH was intended to elucidate the 
-Flannan Thrust and to cross the principal 
faults of the Caledonides. Processing of 
~ the data has begun, as has planning for 
= profiling in financial year 1983-84 around 
: Cornwall and probably across the English 
- Channel towards Guernsey to investigate 
Hercynian structures, the Cornubian 
batholith and the Brioverian basement. It 
is intended to work with the French 
ECORS group which is forming to carry 
out deep seismic profiling in France. 

A start has thus been made on 
investigating the deep geological structure 
¿== under the British Isles using the only 

= technique that promises to have sufficient 
resolution. Also, two short deep profiles 
have been shot by the deep-geology unit of 
the Institute of Geological Sciences on land 
- and one by the University of Leicester. The 
~ oil industry has also begun to obtain some 
. deep profiles at sea and on land. Resolution 
is limited by the low frequencies of the 
-+ returns from deep reflectors: a frequency 

Of 20 Hz in rock with sound velocity V, = 6 
km s`! implies a wavelength of 300 m and 
the possibility, at a depth of 30 km, of 
resolving two reflecting points 75 km apart 
vertically and 2,100 m apart horizontally. 
‘he recording parameters are chosen to 
ok at deep features so that the resolution 
Shallow events is less good than that of 
andard industry reflection profiling 
yich is usually run for about 5 s two-way 
¿For resolving details of relatively 
llow sedimentary strata a wealth of data 
ned by the oil industry is held by the 
p ment of Energy. 

he main objectives of BIRPS are 

efold. First, structural geology, 
mythe, BD. K.: etal. -Nature {in the press). 

2, © Brewer, LA. & Smythe, D-K. (in preparation). 

R. Bamford, D., Nunn, K., Prodehl, C. & Jacob, B. Geophys. 

he L R. astr. Soc. $4 (1), 43 (1978). 

« & White, R.S., Jones, E.J.W., Hughes, V.J. & Matthews, 

“ DH. Tectonophysics Gn the press). 

‘a §, Cook, F.A., Brown, L.D. & Oliver, LE. Soent. Am. 


243 (4), 156 (1980). 
6. Oliver, J.E. Nature 278, 485 (1978). 
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: Fig. 2 Line drawing of reflection line-ups identified on MOIST (migrated data). The arrows 
indicate one plausible position of the Mone Thrust and the lettering in the border indicates 
one plausible geological interpretation”. Migration was done for BIRPS by Shell UK. 
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particularly to trace the attitude of major 
faults which are known at outcrop or 
subcrop to deep within the crust. Do the 
normal faults curve, to ‘sole out’ at 
relatively shallow depths? Are many thrust 
faults splays off sub-horizontal 
decoliement surfaces like the Brevard 
zone in the southern Appalachians? What 
is the shape of the Moho under 
sedimentary basins? Are all granites 
floored at about 6 s two-way time? 
Second, continental rheology. A glance 
at a map of earthquake distribution is 
sufficient to convince that plate tectonics 
does not work in Eurasia: it is impossible to 
define aseismic plates delineated by lines of 
epicentres at their edges, as one can in the 
deep oceans, anywhere between Spain and 
Singapore. Is this because the hot 
continental lithosphere responds to stress 
by flowing, generating earthquakes only at 
shallow depths, or is it because the 
continents have such a long history of 
faulting that they can always respond to 
stress by reactivating some older fault 
surface, producing the widespread belt of 





100 years ago 


SCIENTIFIC EXPLORATION IN EGYPT 


Now that we have embarked in a war in Egypt, 
it is to be hoped that steps will be taken to have 
a proper staff of scientific explorers attached 
to the army with facilities for conducting their 
investigations. There are periods of rest in a 
campaign during which soldiers and others 
may be usefully employed in conducting ex- 
cavations at comparatively slight cost; and 
difficulties in the way of investigation, arising 
from the requirements of trade and industry, 
disappear in time of war. The deposits of the 
Delta require to be examined. The gravels of 
the Nile Valley have to be connected with their 
animal remains. Much has to be done for the 
earliest and best period of Egyptian art, and 
the Stone Age of Egypt has to be fixed with 
certainty. 

I trust also that we shall not rob Egypt of her 
antiquities to any great extent. It may be useful 
to complete our typical series to a limited 
extent, but if Boulak should be happily pre- 
served, I hope it will be preserved for Egypt 
and not brought home. Nothing would serve 


pe case, we show id commonly findi faults | 


extending right through the crust into the 


upper mantle. In this context, it is likely — 
that depth or penetration could be 
extended deeper than the 15 s that we have = 
so far tried. Attenuation is low in — 
crystalline rocks (Q 400) and signal-to- 
noise ratios are still workable at the bottom _ 
of the record if reflectors are there. | 

Third, imaging. There is a perceived 
need, both in industry and in academic 
deep seismics, for better techniques of 
imaging steeply dipping reflectors. Groups — 
of theoretical seismologists are working on 
this problem both in industry and at 
Cambridge, Princeton and Stanford. We 
also need to compute the reflection profiles 
that we would expect from model 
structures, for comparison with observed 
profiles, if we are to understand how we get 
apparently flat-lying reflections, albeit dis- 
continuous, from the foliation surfaces of 
the high-grade metamorphic rocks that we 
expect to occur deep in the continental 
crust and which we observe exposed at 
outcrop on the continental shields. 

BIRPS will try to contribute to all three 
objectives, and perhaps in the future we 
may be able to profile abroad in areas of 
active mountain building. Working deep 
within the crust sounds esoteric, of interest 
only to academic structural geologists. 
But, like COCORP in the USA, to whom 
we are deeply indebted®, we are investi- 
gating the skeleton of the continent which 
supports and delimits the soft sediments of 
the oil basins. Ci 





more to prove that we go there to civilise and 

not to rob. The means of communications are 

now so easy that all who are interested in. 
Egyptology can see it there. Steam and 
railways have materially altered the require- 
ments of education in this respect. Humanity, 

and British humanity in particular, now pours 
through all the great arteries of the world, and 
people observe and study more abroad thanat | = 
home. The time has passed when antiquities i 
should be regarded as trophies of war. Itis no 
longer necessary for instruction to hoard up 
valuable specimens of foreign antiquities in j- 
European museums. So long as science has |... 
access to the materials of knowledge, thatisall | = 
that it is necessary to bring away. Besides | 
which, it should be remembered that the |j- 
atmosphere of Egypt preserves antiquities ina 
way that no other climate can do; and when 

this fact hereafter becomes fully impressed 
upon the public mind, the time may. come | 
when subscriptions will be raised to take back 
obelisks and put them up again in their proper 
places; at any rate we have enough of them | 
weathering and withering in smoke and damp. 

But the opportunity for exploration should 

not be lost. The French savants did their work 
thoroughly during their military operations in 

that country, and it would be shameful if, with 

the knowledge now at our disposal, the British 
expedition did not achieve more for the | - 
promotion of science than was effected by | = 
Napoleon half a century ago. | 


From Nature 26, 364, 17 August 1882. 
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_ A pregalactic Population HI: primordial 
lium and heavy elements and the microwave 
background 


P. W. Tarbet & M. Rowan-Robinson 


Department of Applied Mathematics, Queen Mary College, Mile End Road, London E1 4NS, UK 








_ ANATURAL consequence of the isothermal density fluctuation 
picture is the possibility of a pregalactic generation of stars, 
_ Population IN, where ‘stars’ includes objects up to 10° or 10’ 
‘solar masses. Consequences of such a population have been 
considered elsewhere (see ref. 1 and refs therein). Here we 
investigate three different roles for Population III. First, to 
generate the distortion of the microwave background measured 
- by Woody and Richards*’, as proposed in ref. 4. Second, to 
< produce the entire microwave background, and the observed 
on ‘primordial’ helium abundance. Third, to manufacture the first 
metals i in galaxies. 
_.. These. three possibilities are explored quantitively with 
assumptions about the mass spectrum of the stars, the helium 
_ and heavy element yields of stars of different masses and the 
remnants. 


‘Helium and metal yields of Population III 


The mean mass density parameter of the Universe at the present 

epoch, Qo( = 8%Gpo/3H6 = (po/2 x10” g cm™) (Hy/100)~*), 
-van be considered to have three components; N, the contribu- 
© tion from visible matter, 0,, that due to dark matter, such as 
-black holes and neutron stars, which we will assume are the 
-femnants of Population II, and 0, from non-baryonic matter, 
< such as neutrinos with mass o= h +O, +O, = p+ O., where 
<o {h is the total baryonic conin buton: 
=- We assume that at some epoch in the early Universe a 
= population of stars was born and subsequently died at a later 





-epoch z; (z; is the redshift at which the objects cease to produce | 
radiation, so in the case of black holes it is the epoch when ~ 


-> they stop accreting at an appreciable rate). 

o Tf Y(M) and Z(M) are the fraction of a star’s mass returned 

as helium and heavy elements respectively, then the fraction 
_ of visible matter in the form of helium and heavy elements is 


Y =(1-0,,/9,)Y>p 
Mz 
+ (897G/3HG60,)(1+2)°A | Y(M)MN(M) dM 
My 
Mx 


Z =(89G/3H20,)(1+2)) 3A | Z(M)MN(M) dM 


Mi 


; i is the cosmic (pre-Population HI) helium abundance, 
i J yebaton to e that was Pye in Poe naib 
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The helium, heavy elements and dark remnants produced by a pregalactic generation of stars, Population II, are disciissed : 
_ quantitatively for three scenarios: (1) Population IH is responsible for the distortion of the microwave background spectrum 
_ measured by Woody and Richards; (2) Population III objects generate the whole of the microwave nackground; O 
ae Population III provides the oldest metals found in our Galaxy today. 


E 10° 0.75 0.5 50 0.173 0.316 0.270 0.266 
10° 0.75 0.1 $0 0.769 1,294 0.282 0.277 


Similarly if R M ) denotes the 2A fens Ho and d Ny; the corresponding 0,, Yp and Z are also sho 









































fraction of a star’s mass left behind as dark matter, then 
0, = (BrG/3H A +z)” 


My 


xaf R(M)MN(M) dM 


Ma 
sa | R(M)MN(M) aM) 
My 
where it is assumed that the remnant is. a black hole for M > Mis 
and 4, is the ratio of the mass accreted by a black hole to the 
mass of an initial black hole. 
The coefficient A of the mass function is related to the 
radiation output of these objects. If they enhance the back 
ground by a factor B and e(M) is the fraction of a star's mass 
converted into radiation, then 
Moz 


BaT (+z =A | e(M)MN(M)c? dM 


My 
T,(1 +z) being the temperature of the primordial cosmic back- 
ground at epoch zs. If the efficiency of producing radiation in 
the conversion of H to He is e,(~0.007) and from He to metals 
is e7{~0.003), then on: 


e(M)= ey(Y(M)+Z(M)~ Yp) + ez2Z2(M) 


for the nucleosynthetic contribution; and for those stars: wh ich 
produce black holes at their deaths, which then accrete a a fri 
tion jg of their initial mass with efficiency ey, — : 


e(M) = Ests R (M) . 


The value of egun is difficult to demin. as ‘the: ecre 
rate depends on the temperature of the material being 








Table 1 The effect of varying the parameters Ma, a, ug anë Ha o 9 
modelis producing the distortion of the microwave background | 






Mı a ue Ho QS, QO, Yain Yp z 


10° 1.0 5.0 50 0.043 0.100 0.259 0.256 2.85% 10 
10° 1.25 5.0 100 0.016 0.030 0.262 0.258 x 

10° 0.75 50 $0 0.375 0.432 0.275 0,268 
10’ 1.25 50 $0 0.021 0.078 0.256 0.254 
10° 1.0 1.0 $0 0.147 0.243 0.268 0.263 








| Yount is the minimum net helium yield given by the parame 
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20 40 60 80 100 
— MIM, 
ie 1 ‘The fraction of a star’s mass ejected as helium (Y(M), 
< dashed curve) and heavy elements (Z(M), dotted curve), and left 
: vas a remnant (R(M), solid curve), as a function of the star’s mass. 
Note that the mass scale changes at 100, 500 and 1,000M œ. 


which i in turn is determined by the accretion, and the efficiency 
depends on the details of the flow and cooling processes”. 
The efficiency, Ep, is of the order of 0.1 and if we consider 
Enis = = Lept/Mc?, where the Eddington luminosity Lep= 
10°°(M/Mo), and t= 10'7°07'z;*7, then Enis = 0.02 for 
Q=0.15 and z,;= 200. But it was found that in the models 
having z;= 200, cpu, could not be much less than 0.1, (see ref. 
6), to avoid excessive amounts of matter or high yields from 
_ Population III. 

-Schramm and Steigman’ give (0.9~3.5) x 10°*hg', where hy = 
<- Họo/100, as a firm lower limit to the nucleon density parameter, 
based on observations of the light producing stars in the solar 
“neighbourhood. This is taken as the lower limit for Qe. 


- The functions N(M), Y (M), Z(M), R(M) 

< The function N(M) is assumed to have the form M™*. For the 
solar neighbourhood a =2.35, the Salpeter value", M, = 
= 0;01-0.1M o and M, = 60-100M o. In a zero metal abundance 
medium, cooling will be less efficient and fragmentation 
inhibited’. We may therefore expect M, to be increased (Silk” 
argues that M,~ 20M.) and a reduced. For a <2, M, is not 
-a very important parameter; M,= 13M. was adopted. The 
cocoon star mechanism that limits M, in the solar neighbour- 
‘hood’? also does not apply in the metal-free primordial environ- 
‘ment, and we assume that M, can extend up to the scale of the 
“Jeans mass at decoupling. 

> In the range 12<M/M.< 100 stars are believed to be able 
“to burn all of their nuclear fuels through to iron without mis- 
-hap'’. The core then undergoes hydrodynamic collapse but the 
mplosion i is reversed when nuclear densities are reached and 
ı large amplitude bounce reflects the i incoming kinetic energy, 
owing off all layers external to the core in a supernova 
plosion’?’*. The exact details of core bounce are not yet 
own and the complex reaction networks of static and dynamic 
iing make yield determinations uncertain. Here, the helium 
ds of Arnett’ (scaled for an initial helium content of Yp) 
‘used, the formula of Weaver and Woosley’ is used for the 
Is, and the neutron star core remnants are taken to be 


with initial mass greater than about 100M. do not burn 
ie way through to iron but encounter the e*e” pair 
ity and undergo core collapse’®. The question is, can 
uent fast nuclear burning reverse this collapse or is the 
mate fate a black hole? Woosley and Weaver’ and Bond 
i,’® calculate that stars having an initial mass much exceeding 
300M o (the uncertainty coming from the uncertainty in mass 
ns) will be unable to reverse this collapse, whilst those in the 
ange 100-300M o suffer complete disruption. 


It has often been pontego out that massive stars (M =60Mo) 




















by, for example, Appen i pal a 
imply that these pulsations do not st completely disrupt the stars. 
For those of initial mass >300M a substantial fraction of the 
star may be lost on a time scale much shorter than the hydrogen 
burning phase, whilst those below 100M o suffer little from this 
instability”’. 

Talbot and Arnett?” looked at helium production from 
massive stars, with no initial helium, suffering mass loss due to- 
nuclear pulsations and concluded that 17% of the star could 
be shed in the form of helium with a net helium yield of about 
0.5 for stars > 300M >. However, other mechanisms (radiatively 
driven winds) may be important and the observations of Hum- 
phreys and Davidson™ seem to point to the possibility that. 
mass loss severely restricts the evolution of stars with initial 
masses 50-60M œ to cooler regions of the H~R diagram. It has 
been suggested”? that OH-IRII sources with deep silicate — 
absorption may be the remnants of massive stars which have . 
suffered substantial mass loss. : 

Considering the uncertainties in mass loss and the upper limit 
of complete disruption the following simple approach was _ 
taken. Stars of mass >M, = 300M. are assumed to lose half 
their mass due to winds and so (scaling for Yp = 0.25) shed 
0.275 of their mass as helium. The remnant then contributes 
to the yield after disruption to give a total fraction of 0.575 as 
helium and 0.2 as metals. Those above M,= 500M. (up to 
10°M.) return the 0.275 wind component but the remnants 
collapse to black holes. For stars in the range 50-300M o, Y (M) 
and Z(M) were interpolated linearly between the values 
adopted at 50 and 300M «. 

Objects exceeding 10°Mo encounter a general relativistic 
instability during quasi-static collapse? and if they contain no 
heavy elements, nuclear burning cannot proceed rapidly enough 
to prevent catastrophic collapse*’. Thus virtually the whole star 
collapses to a black hole on a short time scale. 

The adopted forms for Y(M), Z(M) and R(M) are summar- 
ized in Fig. 1. 


Viable scenarios of Population III 
(1) The distortion of the microwave background: To produce 
the spectrum observed by Woody and Richards’, Negroponte 
et al.** found it necessary to have z; in the range 150-225, B 
in the range 0.2-0.4, and a metal abundance relative to the 
total mass of 2.5-7.5 x 10° for Q= 1 and 1-3 x 107° for Qo = 
0.1 (Ho = 100), depending on the grain material. To test this 
type of model we take z;= 200, 8 = 0.25 and look for values 
of the parameters Qy, Ho, M2, a, ws, which give a heavy element 
abundance in the right range. Allowing for the uncertainties in 
the type of grain material and the observed distortion, we take 
this to be 0,Z = 5-50 107 for Hy) = 100, and 107 610° for 
Ho = 50. 

We have taken H,=50 or 100; logio M:/Mo= UDI; . 
a = 0,5(0.25)2.5; ws, = 1,5; and in each case varied Q, from- 
0.001 to 1. ee 





Table 2 Models in which Population III stars produce all the =" 
wave background 


a M: a pp Hy OQ, Oh, Y Z 
10f 05 50 50 0.091 0.394 0.223 926x10 
107 05 5.0 100 0.023 0.099 0.223 926x10" 
10° 0.75 10 50 0.013 0.522 0.220 3.51x10 
10° 0.75 1.0 100 0.003 0.130 0.220 3.51x107* 

b 10° 0.25 50 $0 0.091 0.394 0.223 4.56x107° 
10° 0.25 50 100 0.023 0.099 0.223 4.56x10~° 
10° 05 50 100 0.023 0.099 0.223 1.69x10~* 
10° 05 1.0 50 0.007 0.516 0.231 1.74x10~* 





a, The only models producing all of the microwave background and. : 
providing enough helium without overproducing heavy elements; b, as.» 


a but with Z(M) increased at the expense of Y(M) in the stellar mass 
range 300-500M jo. Y is the net helium yield given by the parameters 


Ms, a, HB» Ei and 103 Z is the e OR net heavy element yield. a : 





































































ecause the Jeans mass at decouplin A ~10fMo it is natural 
to look first for models with M, = 10°M. which produce the 
~ required 0,Z. M,=10°Mo, Ho= 50, a = a 0 and ua = 5.0 fits 
the required QZ and has a minimum helium yield of Y = 0.259 
at 2, = 0.043, Q, =0.100, Z = 2.85 x 10™* and Yp = 0.256. The 
dependence of Y (and Yp) on Z and Q} for this model is shown 
in Fig. 2. For low values of Q, the net metal and helium yields 
-from Population III are high but decrease as 0, increases. At 
higher 0, and hence Qy, the primordial helium yield increases 
<80 Y starts to increase again. The model cited above is seen 
- to have a net helium yield slightly higher than some recently 
- deduced primordial values; Y =0.216+0.015 (ref. 33), Y = 
` 0.228+0.014 (ref. 34). As most of the helium comes from 
` primordial nucleosynthesis this problem is shared by the stan- 
dard model unless 0, < 0.03 (ref. 7). However, these low values 
-are disputed by Kunth**, who deduces Y = 0.243 + 0.010. 

We have used the work of Yang ef al.” to determine Yp, 
which in turn adopts the nucleosynthesis code of Wagoner”. 
As discussed by Olive et al., Yp (and consequently Y) could 
be reduced by taking a lower value for the free neutron half 

life, 4,2. Bondarenko et al. have determined 1,/;2= 
< 10.13+0.09 min, compared with 7,/2= 10.7 used by Wagoner 
_ and 71/2.= 10.56+0.09 recommended in ref. 40. This could 
reduce Yp by ~0.01. If the r-neutrino has a mass >1 MeV/c’, 
-then the two-neutrino case rather than the three-neutrino case 
should be used in the helium nucleosynthesis calculation (see 
__ the dotted curve in Fig. 2). However, this case leads to implaus- 
_ ibly high values of 0, unless the mass of the 7-neutrino is greater 
than 2 GeV/c? and this i is inconsistent with the experimental 
upper limit of 250 MeV/c? (ref. 41). 
The deuterium in these models is given by 








D = (1 Bi 0.;/0,)D pe 


and since, for the case cited, 0.,= 5.06 104, D =0.988Dp», 
_ (almost identical to the standard model). 
- We consider the effect of varying the other parameters of 
our model. Changing Ho to 100 decreases 0,2 by a factor of 
= 4 whilst the required range in QZ is reduced by a factor of 2. 
_ The net effect of changing Hy is therefore small. To recover a 
model giving 0,Z in the required range we need to increase a 
_ from 1 to 1.25 when Ho is changed from 50 to 100. The 
-dependence of 0,Z on a is more significant. Increasing a to 
. 1.25 with other parameters unchanged still leaves QZ in the 
"required range, but a = 1.5 gives 0,2 =5.70x 107 and a =0.5 
gives 0,Z =2.55x107°. Since the radiation is mainly from 
- acereting black holes, the | upper end of the mass spectrum, the 
i effect of reducing M; is to require a lower value of a to maintain 
oe NZ i in the required range. The yields are also increased as M3 
. is reduced because the contribution to the radiation from 
> objects returning processed material is higher. It was found 
that M, must exceed 10°Mo unless a <0.5. Lowering us 
creases the yields from Population III and such models also 
quire more matter (higher Q, to provide the required radi- 
n), hence Yp is increased. Table 1 illustrates the effects of 
ing the parameters M3, a, zy and Ho. 
a pregalactic: stellar population can provide a distortion 
microwave background as in the scheme outlined in ref. 
ut to give acceptable values of Y and Z the mass function 
~ must be flat and extend to super-massive objects, so that most 
a of r ght is ge era a ted by acereting black holes. 






















20 100 3,18x 10" 3.06 x 1075 1.19x 107% 8.37x 107° | 
20 100 2.96x 1075 2.87x107° 8.33107” 7.74x 1075 3.91x 1074: 
13 100 3.90 x 1075 3.70x 107° 1.99x 107° 1.08 x 107* 4.11x1074 
30 100 2.88107 2.80x 107° 8.13x1077 7.30x107> 3.851074 
20 300 3.27«x 1075 3.18 107° 8.58x1077 995x107 4.30x 1074 
20 500 3.38x107° 3.30x107° 8.041077 1.41107 4,.54x 1077 


ext for definitions of the parameters and their functional dependence on Z, 0, and zę 


Population III stars (nucleosynthesis needs to be suppressed in - 


‘required metal abundance without adding significantly. t 
primordial helium. | 





B6B 
3.93x10* 







(2) Generation of the whole of the microwave background: 
As pointed out by Carr®, if a pregalactic generation of stars 
could have generated 25% of the microwave background, could 
it not be possible for them to have generated all of it? In this 
case 8 = 1.0 and we take To = 2.9 K so as to give a total energy — 
density equal to that observed by Woody and Richards”. The _ 
primordial helium yield now has to be generated entirely by x 


a cold Universe by taking the lepton-to-baryon ratio >1.3 to- 
prevent most of the Universe being synthesized into helium | 
and heavy elements)*’. If we are still trying to fit the claimed 
distorted spectrum then the required 0,2 is as in the previous 
case, and we take z,= 200. We have also looked at z;= 1,000 
because, in the Carr model, the extra 75% of the background 
radiation produced in these models has to be generated at this 
earlier epoch for thermalization by free—free processes to be | 
effective. (The Rowan-Robinson et al.* scheme requires only - 
that the radiation be produced by ze~ 200. The constraints on- 
0,Z are due to the optical depth in dust back to ze~ 200 : 
required in this scheme, so are unchanged.) $ 
The only models giving the required 0,2 and enough helium | 
are given in Table 2a. All other models (with jin = 1.0 or 5.0) 
satisfying the constraints on 0,2 and Z, from old Popularan i 
Il, produced too little helium. en 
Models with lower up were found. With Mz =10 Maa = 
0.75 and ua =0.5, we found Y =0.220 and Z =3.51x10* 
with 0,=0.007h97, 2,=0.197h57 (O,=0.190h9"), but the 
only two cases with acceptable yields for zp = 0.1 were M,= 
10°M a, a= =0.5 and M, = 10’ Mo, a =0.75 which had 0,= : 
0.697h5° and 0,=0.670h9", respectively, which are. rather aS 
high. We also found acceptable models with z;= 1,000 but these _ 
also required high densities (N, > 0.645") or had <1% of the 
total baryonic matter in visible form today, so are rather 
implausible. ; 
Note that none of these models produce any deuterium and . 
it is therefore necessary to appeal to some ad hoc astrophysical” 
mechanism for this (see ref. 43). However, as there are models | 
that imply that the Carr scenario can simultaneously produce 
all of the microwave background, explain the Woody and 
Richards distortion with the mechanism proposed in ref. 4, and 
give the correct helium yield and Population II metais, it would 
perhaps be worthwhile to investigate the predicted backgrou: 
spectrum of these models in more detail, taking into accou 
the staggered way in which the radiation from different stell 
masses is generated. The capacity of free-free processes. tc 
thermalize the bulk of the radiation has been disputed by 
Wright**. He argues that for adequate thermalization at lon 
wavelengths, needle-shaped conducting grains are required 
with a length- -to-width ratio of at least 210; a similar mechanisn 
is proposed in ref. 45. 
(3) Initial enrichment: The need for a non-zero initial meta 
content for the Galaxy has been argued by many authors (see 
refs 46-48) and most recently by Bond“? who deduces a mean 
metal abundance of 0.01812. for Population H and an. init 
metal content of 2.51 x 107° Zo. : 
It has been seen that models (1) and (2) can provide 
initial enrichment, but here we suppose the radiation requ 
ment on Population IH to be minimal and try to produc 


_Andividual galaxies are beli¢ved to condense out at ‘a 
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Fig. 2 The total helium abundance, Y (solid curve) and the 
` primordial helium abundance, Yp (broken curve), plotted as a 
function of the heavy element abundance, Z (lower scale). The 
-contribution to NQ, due to visible matter, 0,, is labelled on the 
"upper scale. The dotted curve shows the two-neutrino case. Model 
parameters are given in the text. 


redshifts 10, so z; is relaxed to this value. However, B is not a 
relevant parameter in these models as we are not concerned 
with the effect of the stars on the microwave background. 
Instead we consider the fraction of the Universe that needs to 
go into a pregalactic stellar generation to provide the initial 
metals. We define Nin, the density parameter today for these 
_ objects if they had not ejected any of their mass (or accreted 
7 any). My 
= Nim = (89G/3H35) - (1+2)%A | MN(M) dM 
My 

First let us consider M, = 20M (ref. 9), a = 2.35 (the Salpeter® 
value), and M,= 100M. For this set of parameters we find 
On = 3.18 x 107° (2/1074) (0,,/0.1), Qe; = 3.06 x 1075 (2/107) 

(O,/0.1), Q, = 1.19 x 107° (Z/107*) (0,,/0.1), Yur = 8.37 x 107 
-(Z/10™), (where Yin is the net helium yield from Population 
3 a) and 8 = 3.93 x 10°*hg (Z/107*) (0,/0.1) (11/14 2z,). 
-Jt is therefore possible to provide the initial metal content 
s, of galaxies without resorting to a flat mass function extending 
_ to SMOs, and with only a very small amount of the Universe 
a being cycled in pregalactic stars. Such models have a negligible 
. effect.on primordial helium and deuterium abundances and on 
-the microwave background. 
~The effect on these values of variation of the parameters a, 
Mi i and M, is illustrated in Table 3. 
> Only for high values of M, and low values of a, comparable 
: with those required in cases (1) and (2), does 8, and hence the 
distortion of the microwave background, become significant. 


Discussion 


ecause of uncertainties in Fig. 1 we now discuss the effects 
1 our results of varying some of the values adopted for the 
eld functions. 
We have redone the calculations for scenarios (1) and (2) 
0 and 5.0, z;= 200) varying the limit M,, where a star 
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300 and 1 000M», EN “Varying t These limits: was found. to have ne 
qualitative effect on our previous conclusions anda negligible 
effect on the quantitative results. 

(2) Klapp*’ has performed numerical calculations of the _ 
evolution of very massive stars and obtained yields which differ 
from those we have adopted (Fig. 1). We therefore consider ` 
the effects of changing Y(M) and Z(M) in two different ways: 
(i) increasing Z(M) from 0.2 to 0.45 in the mass range 300- 
500M o at the expense of Y(M), so more helium is cycled 
through to metals than assumed previously (we still linearly 
interpolate Y (M) and Z(M) between the values adopted at 
50 and 300M o), and (ii) i increasing Z (M) from 0.0 to 0.02 ino 
the mass range 500-10°Mo, so a small amount of the materi 
processed into metals is able to diffuse up to the surface of th 
star and is shed before the collapse to a black hole occurs (see oe 
ref. 50). ee 

(i) The effect of increasing Z(M) at the expense of Y(M) - 
over a small section of the mass spectrum is, generally, that a 
has to be reduced fractionally for a given model to keep 0,2 
in the required range. However, in our case (1) above (produc- 
ing the distortion of the microwave background) it was found 
that our best model (M,=10°Mo, Ho = 50, a = 1.0 and ip = 
5.0) is still viable and gave Y = 0.259 at Q, = 0.041, 0, = 0.098, 

Z =4.99x10 and Yp = 0.256. For models producing all of 
the microwave background (case (2)) the only cases giving 0.2 
in the required range and enough helium, without violating the 
constraints on Z are given in Table 2b. 

(ii) In this case Z(M) has been increased over a large range 
of the mass spectrum and it is therefore necessary to reduce a 
more substantially than in case (i) to recover viable models. 
Our best model now has 0,Z =2.13x10 and is therefore 
invalid. Reducing a from 1.0 to 0.5, with all other parameters ~ 
held constant, brings 0,Z back into the required range and — 
gives Y = 0.256 at 0, = 0.021, Q, = 0.078, Z =2.94x 10 and 
Yp = 0.254. The effect of varying the parameters of this model 
are again as previously discussed, but it was found that M, must 
exceed 10°Mo unless a <0.25. No models were found that 
produced all of the microwave background and enough helium 
without overproducing metals. These models are much more 
dependent on the helium to metal production ratio of Popula- 
tion III than those producing only the distortion of the micro- 
wave background, because for the latter most of the helium is 
provided by nucleosynthesis in the fireball phase of the Uni- 
verse. 

We conclude that small changes in our adopted yield func- _ 
tions (case (1)) only affect the details of our results, not the 
general conclusions. But if Klapp’s conclusion that even very 
massive stars which collapse to black holes return some of their _ 
mass in the form of heavy elements is correct, then models > 
trying to produce all of the microwave background and the Re 
initial helium from Population III are untenable. 

There are several viable and interesting roles for Population 
HI and the best hope of testing these ideas observationally: is 
improved measurements of the spectrum of the microwave ia 
background near the peak. oe 

P.W.T. is supported by an SERC research studentship. We ve 
thank B. Carr, S$. Woosley and J. Klapp for providing results — 
before publication. 
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FINDING a method for vitrifying pure liquid water is important 
for several reasons. The investigation of vitrified liquid water 
_ will help to elucidate the structure of liquid water because the 
effects of thermal and static disorder can be largely separated'™, 
It might help i in interpreting the anomalous properties of super- 
_ cooled water". Vitrification of biological systems without cryo- 
_ protectants i is another application that could enable studies to 
_ be made of morphology without freezing artefacts and of the 
mechanism of freezing damage”’®. When applied to dilute 
aqueous solutions complete vitrification means the simul- 
_ taneous matrix isolation of dissolved species. This extends the 
-well known matrix isolation from the gas phase‘! to nonvolatile 
_ solutes such as ionic systems or biomolecules and allows, among 
. Others, spectroscopic investigations at low temperatures in the 
dissolved state. Attempts to form vitreous ice by rapid cooling 
of liquid water have invariably led to formation of ice Ip (ref. 
` 12). (Pryde and Jones’? did report a heat capacity change of 
¿rapidly cooled water at 126 K which they attributed to a glass 
- transition, but could not reproduce this result in subsequent 
xperiments.) We have recently described the complete 
jitrification of liquid water and dilute aqueous solutions by 
e freezing of aqueous droplets distributed in n-heptane as an 
emulsion, where the combination of emulsification and high 
- cooling. rate was essential for vitrification’. We have since 
' increased the cooling rate by orders of magnitude and report 
here the vitrification of pure liquid water without emulsification 
_. by injecting a thin fluid jet of liquid water at high pressures in 
“ vacuo into a liquid. cryomedium. This is an extension of the 
: jet-freezing method developed by Bachmann and Schmitt for 
_ freeze etching’. Our technique differs from that of splat-cooling 
ona cold metal surface by using a liquid cryomedium, and gives 
->for liquid water and dilute aqueous solutions much higher 
- cooling rates’, [It has been reported that D. R. Uhlmann has 
- vitrified liquid water by splat-quenching (ref. 16 in our ref. 6). 
However, to our knowledge no report has appeared since then. ] 

























~ Conditions for vitrification 


e have investigated the following parameters, considered to 
@ important for a high cooling rate, with the ESR method 
described previously’: aperture diameter from 5 to 100 pm, 
orking pressures between 10 and 400 atm, effect of the liquid 
ryomedium and of stirring. Small aperture diameter together 
igh working pressure were found to be. most important 
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` The vitrification of pure liquid water by projecting a thin jet of liquid water at high speed into a liquid eryomediune | Is 
reported. The influence of the experimental parameters on the cooling rate and the devitrification of the jet-frozen vitrified 
material have been investigated. A structural difference between vitrified liquid water and amorphous solid water prepared 
‘ from the vapour phase is inferred from a comparison of the X-ray diffraction patterns. 


oling rates. With i inereasiog works uouaianid the 


liquid jet is broken up by air resistance closer and closer to the oe 


exit hole of the aperture and dispersed into a fine mist. There- 


fore vacuum is essential for working at pressures above 100 atm. 
Liquid ethane, propane and butene-1 were investigated as- 
cryomedia and gave for small apertures very similar cooling | 
rates. Figure la shows the X-ray diffraction pattern of a jet- 
frozen sample of liquid water using the best conditions for 
vitrification emerging from hundreds of experiments: jetting 
through a 10-um aperture with 400 atm working pressure (the 
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20 
Fig. 1 X-ray diffraction patterns (CuKa, 90 K) of jet-frozen pure iqui 
water with: a, 400 atm; b, 100 atm working pressure (s, substrate reflex 3 
h, reflexes from crystalline ice). Samples were jet-frozen as follows: between 
2 and 5m of pure liquid water were jetted through an aperture with: ac. 
i0-um opening (Balzers Union no. 16001), using working pressures of at oi 
most 400 atm, into 120 mi of vigorously stirred liquid propane cooled to`. 
80K. Liquid consumption at 100atm: 0.4mlimin™', at 400 atm: - 
1.1 mi min™’. The working pressures were generated with a hydraulic pump. 
{type Maximator MSF 72), plugging of the 10-pm aperture was prevented _ 
by two filters (a Nupro 2-um metal filter and a Millipore high pressure —. 
filter unit with a 0.2 um filter). The experiment was started at normal ~- 
pressure and vacuum applied as quickly as possible. Starting and stopping. 
the jet already in vacuo gave identical X-ray diffraction patterns, but seeme 
to give apertures that clogged more easily. The suspension was filtered 
liquid nitrogen temperature and the remaining mixture of frozen water and. 
liquid cryomedium was transferred quickly with a liquid-nitrogen cooled. 
spoon into the precooled apparatus. All operations at normal pressure wet 
earried out under a cover of dry nitrogen gas. At liquid-nitrogen ten 
peratures =i care has to be taken to Adan accumulation ai 
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= Fig. 2: bay diffraction pattern (CuKa, 90 K) of jet-frozen pure liquid 
water with 10 atm working pressure, showing the contribution of the liquid 
- ceryomedium at 20 = 23° (s, substrate reflexes; h, reflexes from ice 1). The 
experimental conditions and the instrument gain were the same as conditions 
-: for Fig. 1 except for the working pressure and an aperture with a 20-~m 
“opening. A 20-ym aperture was used because we could not start the jet 
= through a 10-ym aperture with only 10 atm working pressure. However, 
z from jet-freezing experiments with 50 atm we know that apertures with 10 
and 20 pm openings give comparable cooling rates in this range of working 
Oo pressures. With 10 atm working pressure the comparatively slow jet is not 
<i> broken up by air over a long distance and thus the cooling rate is not 
increased by jetting in vacuo. The sharp reflexes are due to ice I,, the 
intensity changes at small angles being caused by texture. 


highest pressure used) into vigorously stirred propane at 80 K 
In vacuo. The X-ray diffraction pattern contains only a small 
= amount of crystalline—mainly hexagonal—ice and is dominated 
< bythe broad feature characteristic of vitreous or microcrystal- 
line substances. The effect of high working pressures is clearly 
-seen by comparison with Fig. 14 where the pressure was reduced 
cto- 100 atm, using otherwise jet-freezing conditions identical 
with the experiment of Fig. la, and where the amount of 
hexagonal ice increases strongly. In several experiments we 
obtained nearly identical X-ray diffraction patterns with the 
same set of jet-freezing conditions which means that this 
‘method of vitrification is highly reproducible. 
. The vitrified liquid water inevitably contains some liquid 
‘eryomedium which cannot be removed without partial 
‘devitrification. The effect of the liquid cryomedium on the X-ray 
‘diffraction pattern of vitrified liquid water is demonstrated by 
Fig. 2, where the pattern of jet-frozen water using 10 atm 
working pressure only is shown with approximately the same 
intensity as in Fig. 1a, 6: by differential thermal analysis (DTA) 
‘and by the ESR method reported previously'* we confirmed 
that jet-freezing with 10 atm working pressure gives only crys- 
talline ice. The X-ray diffraction pattern contains a broad peak 
centred at 20 = 23° in addition to the strong reflexes of ice I, 
nd. is very similar to the pattern of a mixture of the liquid 
yor iedium with crystalline ice. The broad peak in Fig. 2 is 
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X-ray diffraction pattern of vitrified liquid water for ue 
ect of the cryomedium quantitatively because the amount of 
uid and thus the size of the broad peak in Fig. 2 varied 
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1at, and the possibi add tional. 
cannot be ‘evaluated. , a : : aan 
The vitrified material is definitely liquid. water a not water 
vapour because: (1) the liquid enters the ctyomedium as a 
continuous fluid jet of ~10 um diameter. Typically between 2 
and 5 ml of liquid water were jetted using a vacuum of 1 torr 
total pressure. The jetting time depends on the working pressure 
and the diameter of the aperture and was varied between 1 
and 5 min. Therefore the amount of water vapour present ` 
during the experiment is negligible in comparison to the total 
amount of liquid water jetted. (2) We had tried to vitrify liquid ` 
water in the form of a very fine mist of small water droplets 
using working pressures of 1 to 2 atm only. The water droplets P 
were generated by an ultrasonically vibrating 10-um orifice 
similar to the aerosol generator of Berglund and Liu’. Th i 
experiments were carried out with a very small flow rate ove: a 
considerable periods of time and therefore represent conditions 
where the amount of water entering the liquid cryomedium _ 
from the vapour phase becomes increasingly important. 
However, we have found no indication that material was | 
vitrified using this arrangement. (3) The ESR spectra of jet- < 
frozen 0.10 M aqueous CuCl, solutions depend strongly on the 
working pressures and were used as a good indicator for relative 
cooling rates“. We found that with a 200-atm working pressure 
the jet-frozen ESR spectrum is already nearly identical to the 
ESR spectrum of a perfectly vitrified 0.10 M CuCl, solution 
containing 50% glycerol for vitrification. While this does not 
prove that the jet-frozen solid has been vitrified completely, it 
still proves that the solute CuCl, has been matrix isolated and 
hence, that the liquid has experienced very high cooling rates. 
Our jet-freezing conditions give a clear improvement, in 
terms of the amount of the vitrified material, over the previously 
reported vitrification of emulsified liquid water droplets'* where 
we had obtained yields of ~13 and 16% for pure water and a 
0.10 M CuCl, solution by DTA. These yields had been only ` 
barely noticeable in the X-ray diffraction pattern as a broaden- 
ing underneath the sharp reflexes of the crystalline material 
between 20 = 20° and 28° (see Fig. la in ref. 14), whereas in 
Fig. la we have only a small amount of crystalline material on 
top of the broad feature. The determination of the relative 
amount of vitrified liquid water by DTA does not have any 
meaning for samples prepared as described in Fig. la, because 
the DTA method is not accurate enough, and the crystalline 
material comes mainly from condensation of water vapour 
during the preparation and transfer of the sample to the X-ray 
camera. 
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Fig. 3 X-ray diffraction patterns (CuKa) of jet-frozen pure liquid water 
warmed consecutively for 30 min to a, 140K; b, 150K; c, 160K. The 
sampe was prepared as described in Fig. 1 with 400 atm working pressure 
except that liquid butene-1 was used as cryomedium at 100K instead of 
propane. From 90 to 140 K the relative intensities of amorphous to crystal- 
line reflexes were approximately constant, only the overall intensity 0 | 
decreased, probably due to movement of the viscous paste on the vertical 
ener BORE with į increming pens: 
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oe Fig. 4 X-ray diffraction patterns (CuKa, 90 K) of: a, jet-frozen pure liquid 
water prepared as described for Fig. 1a and thus containing some liquid 
“propane; b, (H,O),, mulled with liquid propane; c, (H,O),, without pro- 
= pane.(H,0),, was prepared as described in ref. 22 by vapour condensation 
+ at-77K on a Cu-plate from a bath for the reservoir of water held at 210 K, 
using high vacuum conditions. For comparison with the pattern in Fig. 4a 
» (H,0),, was mixed thoroughly at 80 K with 20 ml of liquid propane, filtered 
- and the remaining paste transferred to the precooled apparatus, using the 
‘o:i same. technique as for jet-frozen liquid water samples. As the pattern of 
- (H,0),, in Fig. 4c contains no reflexes of crystalline impurities, the amount 
of crystalline material in Fig. 46 represents the contamination of vitrified 
samples by crystalline ice due to condensation of water vapour during the 
experimental procedure. 









_. We have investigated the devitrification and found that within 
the time scale of our X-ray measurements (30 min at every 
consecutive 10 K, starting at 90 K) the formation of ice I, starts 
, at 150K (Fig. 3). This agrees very well with the devitrification 
: of a. vitrified 0.10M CuCl, solution investigated previously 
< within a similar time scale using ESR where a devitrification 
-temperature of 153 K was deduced from signal broadening". 
_ We found that the cryomedium used for vitrification affects the 
_- devitrification temperature. The sample giving the X-ray 
- diffraction patterns in Fig. 3 had been prepared by jetting liquid 
water into butene-1 and therefore contained some butene-1. 

` -Vitrified liquid water containing some propane had started to 
“‘devitrify already at 130 K. We think that this difference comes 

<: from. the higher vapour pressure of liquid propane (1 torr at 
-144 K) and that devitrification is possibly induced by evaporat- 
-ing propane. At low temperatures the X-ray diffraction patterns 
Of vitrified samples prepared with butene-1 or propane as 
yomedia, using otherwise identical jet-freezing conditions, 
very similar. The X-ray diffraction patterns of jet-frozen 
amples stored at 77 K for 3 months did not show any change. 


— ; omparison with (H20),. 


An Fig. 4 the X-ray diffraction pattern of vitrified liquid water 
containing some liquid propane (Fig. 4a) is compared with the 























~ from the vapour phase (called (H2O),, in accordance with Rice’, 


Fig. 46, c). Figure 4c shows the published X-ray diffraction | 


_ pattern of (H,O),, (refs 3, 20). Figure 4b the pattern of (H,O),, 
- mulled with liquid propane. A comparison has meaning only 
_ between the patterns of samples treated both with liquid cryo- 
`- medium and has to be made between the patterns shown in 
: Fig. 4a, b. A difference might possibly be found at high angles 
where the broad feature in the pattern of (H,O),, centred 
round 26 = 44° appears to be less intense or absent in the 
ern of vitrified liquid water. For further comparison we 
ve tried to remove the cryomedium by washing the sample 
iquid methane. However, this procedure leads to partial 













n of vitrified liquid water washed with liquid methane 





howing again for vitrified liquid water no clear 


< pattern of amorphous solid water prepared by condensation - 


ication of the sample. In Fig. 5 the X-ray diffraction 
y) 18 ompared with the pattern of (H,O),, treated identi- 
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5 ‘amorphous pea at 20= had underneath the uns reflexes of k 






“cyealhine i ice in contrast to the pattern of ( TO). T y 
diffraction pattern of the devitrified sample i in Fig. Sè can be 
used as background of Fig. 5b. However, only a presentation 
of the X-ray data in the form of the structurally sensitive pa 
of the scattered X-ray intensity will make a clear differentiatio 
possible, and we cannot do this because we have not been able 
to compensate for the effect of the liquid cryomedium. | 


















Discussion : 
The influence of high working pressures on the amount “of 
vitrified material and thus on the cooling rate is certainly cot 
nected with the speed of the liquid jet. For 10, 100 and 400 atm 
working Pressures approximate jet speeds of 20, 100 and 
250 ms‘ can be calculated from the diameter of the- 10-um 
aperture and consumption of liquid. The effect of jet speed can 
be easily demonstrated by jetting at room temperature into 
paraffin oil with a viscosity similar to liquid propane at 80 K: 
With 10 atm working pressure the liquid jet hardly penetrates 
the surface, whereas with 100 atm working pressure penetration 
goes up to 20-30 mm. Therefore the liquid jet passes within a 
given time with increasing jet speed a larger volume of cryo~ 
medium, causing more efficient heat transfer from water to the 
cryomedium and giving higher cooling rates. In addition, 
vigorous stirring of the cryomedium enforces a circular move- 
ment onto the liquid jet, probably breaking up the jet into: small 
droplets. : 

It is impossible to measure the cooling rates obtainable with 
high pressure jet-freezing. Fletcher’? estimated the cooling rate — 
necessary for vitrifying a micrometre-sized droplet of water to : 
be >10'° K s™' from the theory of the homogeneous nucleation — 
of rerna, whereas Uhlmann?’ calculated a cooling rate of | 
>10’Ks™". We do not know how the liquid jet breaks up in 
the cryomedium at high pressures, but we consider it likely that 
the jet breaks up into droplets of approximately the size of the 
jet diameter. Therefore a minimum cooling rate of 10°Ks 
is obtained from Fletcher's value and of 10’Ks™' from 
Uhimann’s. As the minimum cooling rate depends strongly on. 
droplet diameter and was calculated for 1-um droplets?! _ 
much higher cooling rates would result for larger droplet — 
diameters. For a 10-um droplet minimum cooling rates of 10% - 
and 10'°K s™' follow from Fletcher’s and Uhimann’s calcula- 
tions. An idea about the distribution of cooling rates can be — 
obtained from an inspection of the frozen products. We had 
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Fig. $ X-ray diffraction patterns (CuKa) of: a, (H,O),, from Fig: 4b 
washed with liquid methane; b, jet-frozen liquid water from Fig. 4a washec 
with liquid methane; c, the sample in b devitrified by warming up to 150 K. 
To remove liquid propane or butene-1 the samples were washed with liquid. 
methane, filtered at ~90 K as described in Fig. 1 for propane, and th 
remaining methane pumped off at 77 K from the sample. This procedui 
leads. inevitably to strong contamination and/or partial devitrificatio 
the samples as shown by a comparison of Fig. 5a with Fig. 46 and { 
reflex at 20 = 24, 3° in Fig. 5c was truncated. 






OL a liquid 
fr que tl: | observed. for the preparation of 
vapour phase’ ogg . However, Fig. 1b shows 


























































tr ied material. Thus the liquid jet apparently experien- 
her low cooling rates, giving ice Ip, or very high cooling 
eading to vitrified water. We believe that this is due to 

ex of the vigorously stirred cryomedium. 
hermodynamic conditions necessary for vitrifying liquid 
have been discussed recently by Angell and Tucker”. The 
nent is based on the incompatibility of an extrapolated 
ue of the glass transition temperature of vitrified liquid water 
Kauzmann’ s entropy paradox” which states that a liquid 
supercooled only by a limited number of degrees before 
loses all its excess entropy over the crystal, that is before its 
total entropy becomes equal to that of the crystal. This presents 
; a problem, especially for liquid water, because in supercooled 
“water a drastic increase of C, occurs with decreasing tem- 
‘perature’ among other anomalies. To resolve the entropy para- 
-dox Angell and co-workers postulated the existence of a A -type 
-heat capacity anomaly at 228 K associated either with some 
liquid state mechanical instability or with the cooperative for- 
“mation of a long-range hydrogen-bonded network with decreas- 
-ing temperature®*. Angell and Tucker speculate that liquid 
-= water departs during cooling (assuming a rate of 10° K s”') from 
_ the metastable heat capacity already below the maximum ob- 

served value (which has been recorded at 235 K (refs 6, 24)) 
due to the ‘freezing out’ of the ‘anomalous fluctuations’ (see 
Fig. 5 in ref. 8). From the C, versus temperature curve we 
-wonder whether liquid water does not diverge at much higher 
- temperatures—thereby avoiding the anomalous C, increase 
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E structures 3 of three proteins that specifically bind to DNA 
y been determined, namely, the cro repressor pro- 
(hereafter called ‘cro’) from bacteriophage A’, the 
abolite gene activator protein (CAP) from Escherichia coli? 
and the amino-terminal fragment of the cI repressor protein 
(fD) from bacteriophage A*. It has been proposed that these 
proteins bind to DNA with protruding a-helices penetrating’? 
or aed penetrating: the major grooves of the DNA (in the 
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discussed above. In analogy to SiO, the vitrified solid is sup- 
posed to have different densities depending on the temperature 
at which internal equilibrium was established before quench- 
ing’*?*. However, a determination of the density of vitrified . 
liquid water is not possible at present due to the presence of — 
the liquid cryomedium. 

The similarity of structure between vitrified liquid water and 
(H,O),, has been disputed recently. Rice’**” and Angel? — 
believe that there is a continuity of state between liquid water 
and (H,O),,, that (H20),, is essentially liquid water, especially 
because the observed glass transition temperature of (H2O)a.__ 
is identical with the extrapolated value for vitrified liquid water. _ 
This hypothesis is the basis of the random network model of 
water recently proposed by Rice et al.**. In contrast Johari”? 
argues on thermodynamic grounds mentioned above that a. 
discontinuity of states exists, and that therefore “the structure 
of (H,0),, is different from the one towards which supercooled 
water would tend’. We have tried without success to observe 
a glass transition temperature in our vitrified water samples. A , 
structural difference between vitrified liquid water and (H,O),,. 
could possibly emerge from a comparison of the X-ray diffrac- 
tion patterns (see Figs 4 and 5). We do not know yet if the 
absence of the broad peak at 26 = 44° in vitrified liquid water 
is real or is only an artefact caused by the presence of the liquid 
cryomedium. According to Narten and Levy*’ a change of the 
double maximum in the structure functions of liquid water 
around 2.5 A”! into a single peak corresponds to a disappear- 
ance of the maxima and minima between 3.5 and 8 A in the 
correlation functions. 

We thank Professor E. Schnell for help with the X-ray work. 
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ognition by cro repressor protein of its specific DNA binding sites appears to occur via multidentate hydrogen bonds 
gen amino acid side chains of the protein and base-pair atoms in the major groove of right-handed B-form DNA. 
t f the: sequence-specific interactions between cro and DNA, as well as a number of sequence-independent ones, 
? diated by. a two-a-helical unit which appears to be common to many proteins that regulate gene expression. 


case of CAP, the DNA has been postulated to be left-handed’). 
In this article we propose a detailed model for the complex 
between cro and DNA. The model is consistent with the relative 
binding affinities of cro for the six operator sites within bac- | 
teriophage A at which it binds specifically, and can also be used — 
to rationalize known changes in binding affinity caused by’ 
mutations within these sites. l i, 
Cro is one of a number of pene that la date in the E 
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Rig. 1 Sio. E illustrating the initial alignment of 
> residues 26-38 of cro: repressor within the major groove of the 
o DNA. Only the left half of the 17- -base-pair binding site is 

< shown. The vertical line at the right of the figure is the common 

/ protein and DNA twofold-symmetry axis which relates the other 

of the binding site to that shown here. The horizontal line 
he right coincides with the long axis of the DNA. The 
mations of the individual protein side chains are those 
mined from the crystal structre of cro repressor protein. 
base sequence is that for O,3, with numbering as defined 

e text. For clarity the details of the DNA backbone have 

eer omitted and replaced by lines connecting the phosphates, 
















<> commitment to either the lytic or lysogenic pathway during the 
3 development of bacteriophage A (for review see refs 4-6), Cro 
=- recognizes six binding sites on the bacteriophage genome, three 
_. within the left operator region (0,1, O2 and O,3) and three 
-= within the right operator region (Orl, Or2 and O,3). Each 

binding site consists of 17 base pairs with approximate twofold 
= symmetry. The base sequences of all six sites are similar but 
K not identical’. 






oe Starting parameters 
Coordinates for the DNA were derived from the fibre diffrac- 
tion analysis of B-DNA by Arnott and colleagues (refs 8, 9 
~ and S. Arnott, personal communication). Initially, the rise per 
base-pair, z, was set at 3.4 A and the twist per base-pair, 6, 
was set at 34.6° (10.4 base-pairs per turn). These parameters 
are representative of values obtained by others’””’, 
The coordinates for cro were based on the previously repor- 
ted structure determination’. The quality of the electron density 
< map has been improved by a process of electron density averag- 
ing and phase extension’ in which the final agreement between 
. observed and electron-density-averaged structure factors was 
22.3% at 2.8A resolution (R.G.F., D.H.O. and B.W.M., 
© unpublished results). Also the cro structure has been partially 
refined, the coordinates used here being taken from the present 
_ Stage of refinement, for which the crystallographic residual is 
27% at 2.2A resolution (23% at 2.8A resolution) (D.H.O. 
oe and B. W.M., unpublished). The estimated error in the protein 
coordinates is about 0.4 A 
The protein dimer was placed so that its twofold axis of 
symmetry coincided with that of the DNA’, leaving two adjust- 
able parameters, one the separation, d, between the protein 
>and the DNA, and the other the rotation, 7, of the protein 
__ dimer relative to the DNA about the common protein-DNA 
-symmetry axis. In addition to the above four parameters, z, Ø, 
d and r, adjustments were allowed in the radius of curvature, 
.. n of the DNA. Because of the twofold symmetry of the protein- 
-- DNA complex, bending was constrained to occur only about 
D points on the dyad axis. 


Model building 


: Our. general approach was to carry out model. building on an 
~~ MMS-X computer graphics facility’* and to supplement this 
_ with energy minimization using the program EREF of Jack and 
- Levitt. Use of computer graphics permitted the screening of 
a large number of potential interactions between the protein 
and the DNA while energy minimization ensured that the 
-.$tereochemistry of a proposed DNA-protein complex was 
> reasonable. 
. The energy minimization procedure gives the calculated 
energy for the system under consideration, and, as such, pro- 
es an indication of the relative strength of a postulated cro: 
complex. However, the energy minimization algorithm 
7 ip take account of solvent, and has other limitations 





















© ofthe potential hydrogen bonds and the cro:DNA geome 
R suggested by the energy calculations, it is possible to construi 
7 a set of rules which can be used to predict the pyaroren b 


There has been considerable speculation that the free en 
of stabilization of DNA:protein complexes comes primaril 
from relatively nonspecific interactions'® while specificity 
derives largely from hydrogen bonds between protein side 
chains and the parts of the base pairs exposed in the grooves 
of the DNA’, Therefore, in model building we attempted — 
to maximize the number of hydrogen bonds and other interac- _ 
tions between cro and the DNA, and assumed that each ‘mis- 
positioned’ (that is, unsatisfied) hydrogen bond decreased the 
affinity of the DNA-protein complex, although it is understood. 
that other factors such as shape complementary, hydrophobic. 
and dipolar interactions and the role of solvent are also impor- 
tant. Since the binding constant, K, for the cro:DNA interaction 
is related to the free energy of the interaction, AG, by the 
formula K =exp(—AG/RT), it follows that each improperly _ 
positioned hydrogen bond donor or acceptor, which reduces _ 
the free energy by about 1 kcal mol™' (refs 16, 20), results ina — 
reduction of the binding constant by a factor of approximately. 
seven. ; 

The presumed complexes between cro and DNA were. 
initially subjected to energy minimization in which the protéin 
backbone was kept rigid and only those side chains which 
appeared to interact with the DNA were allowed to move. A- 
specialized version of EREF was used which allowed the explicit 
specification of hydrogen bonds. The five interaction para- 
meters z, 6, d, r and r (see above) were then systematically 
varied in small increments to determine which values gave the _ 
best value for the calculated energy of interaction. (This step- 
wise approach was necessary because EREF tends to make ee 
changes in local geometry, but not in the global interaction 
parameters.) In the final stages of the energy minimization, the 
local geometry of the DNA was allowed to vary, and, in addi- 
tion, small adjustments were permitted in the protein backbone. 


Interaction of cro with DNA 


The initial structure determination of cro suggested that it 
bound to the DNA with a pair of dyad-related helices penetrat- 
ing the major groove of the DNA’. This overall complemen- 
tarity between the surface of the protein and the DNA not onl 
suggests the approximate alignment of the protein relati 
the DNA, but (short of making major conformational cha 
in the protein which we shall consider below), makes it steri 
difficult to devise alternative interaction schemes which seem 
plausible. 

Since both cro and the DNA binding site have TE E 
twofold symmetry it is, in the first instance, sufficient to consider 
the interaction between one monomer of cro and half of the . 
binding site. We have numbered the base pairs within each 
half-site from 1 to 9 starting at the distal base pair. Bases +1 
and —1 constitute a base pair, and so on. The ‘+’ base is the 
one for which the inward direction of numbering is from | 
to 3’. 

The initial alignment of cro (Fig. 1) suggested that the amin 
acid side chains most likely to participate in interactions wit 
the major groove of the DNA were Tyr 26, Gin 27, Ser 2 
Asn 31, Lys 32, His 35 and Arg 38. Based on the framew 
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Fig. 2 Schematic representation, following Woodbury et al.*°, of 
the presumed sequence-specific interactions between cro and the 
parts of the base pairs exposed within the major groove of the 
DNA. The direction of view is imagined to be directly into the 
“major groove of the DNA with the base-pairs seen edge-on. The 
“dyad symbol within the topmost base pair indicates the center of 
the overall 17-base-pair binding region. The symbols are as fol- 
lows: J, hydrogen bond acceptor; @, hydrogen bond donor; ©, 
methyl group of thymine; x, guanine N7 which is protected from 
methylation when cro is bound’*?. Presumed hydrogen bonds 
between cro side chains and the bases are indicated (....). 
Apparent van der Waals contacts between cro and the thymine 
methyl groups are shown (lilli). Other van der Waals contacts are 
not shown. 


expected when cro interacts with a given sequence of DNA. 
The proposed rules for hydrogen bonding are as follows: 
> (1) Arg 38 forms two hydrogen bonds to O6 and N7 of 
guanine —6. If base —6 is an adenine then Arg 38 makes a 
~ hydrogen bond with either the N7 of this adenine or the N7 
of a purine at —7. If base —6 is a thymine then Arg 38 can 
-| make no hydrogen bonds to this base because of the blocking 
=- methyl group on C6 but can form one hydrogen bond to N7 
of a purine at —7 (that is, a net loss of one hydrogen bond). 
* (2) Lys 32 N‘ forms one hydrogen bond with either a purine 
N7 or an O4 of thymine at position —5. In addition, it forms 
‘a second hydrogen bond with O6 of guanine —4 and possibly 
a third hydrogen bond with N7 of guanine —4. 
= (3) Ser 28 O” forms two hydrogen bonds with N6 and N7 
sf adenine —3 or, alternatively, one hydrogen bond to N7 of 
guanine, N4 of cytosine, or O4 of thymine at —3. In the case 
thymine at position —3 there is a second hydrogen bond 
om the N6 of the adenine at +3 to the carbonyl oxygen of 
‘serine. | 
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- (4) Gin 27 forms two hydrogen bonds to 
adenine at +2. In all other cases it forms a single hy 
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(5) Tyr 26 O” forms a hydrogen bond with either O4 of © 
thymine +1 or N7 of a purine at +1, but cannot be placed in 
a stereochemically acceptable position to accept a hydrogen — 
bond from N6 of adenine or N4 of cytosine. oh 

As shown in Table 1, this model for the interaction between — 
cro and DNA is consistent with the known relative affinities of 
cro for its six binding sites and for mutant sites as well. | 

The presumed sequence-specific hydrogen-bonding between | 
cro and O,3 is shown in Fig. 2 using a schematic representation. _ 
based on that proposed by Woodbury et al.*° and is shown in. . 
stereo in Fig. 3. The apparent interactions between the protein 
and the DNA backbone, which are not sequence-specific, and, 
presumbly, provide much of the overall energy of interaction, — 
are summarized in Fig, 4. The overall conformation of cro — 
repressor when bound to its specific binding site is illustrated 
in Fig. 5. | 

» In the proposed cro:O,3 complex, there are about 20 
sequence-specific hydrogen bonds (Fig. 2) as well as many , 
sequence-independent interactions (Fig. 4). These interactions | 
could easily account for the observed dissociation constant of 
about 107'° M (refs 21, 22). 

Because cro is known to bind most tightly to O,3 (refs 23-25) _ 
we used this for the initial model building and for most of the 
energy calculations. After refinement of the cro:0,3 complex, 
the DNA had a mean z of 3.48+0.09 A with a range of 3.30 A 
to 3.56 A and a mean twist 6 of 34.7+3.2° with a range of- 
26.9° to 39.8°. These values compare well with previously 
reported values for these parameters’°*°?’, 

The optimization procedure suggests that the DNA is bent 
to a radius of about 75 A. This degree of curvature is not 
excessive, as might at first be supposed. In the crystallized 
B-DNA dodecamer CGCGAATTCGCGG, the DNA bends to 
a radius of 110 A (ref. 28). Also, when associated with proteins 
in the nucleosome, DNA adopts a radius of about 45 A (ref. 
29). It can be estimated that the energy required to bend a 17 
base-pair segment of DNA to a radius of 75 A is between 0.85 
and 1.7 kcal mol™ (refs 30, 31), an amount of energy approxi- 
mately equivalent to the formation of one hydrogen bond per 
monomer. As an alternative to the bending of the DNA, an 
essentially equivalent result could be obtained by a ‘hinge- 
bending’ motion of the two cro monomers in the vicinity of the 
antiparallel -sheet strands, Glu 54—Lys 56. These residues 
form part of the C-terminal ‘arms’ (residues 52-60) which. 
appear to be the major determinant in stabilizing the cro dimer. 
Other than the contacts mediated by these two arms there are — 
only very tenuous interactions between the respective 
monomers, suggesting that a ‘hinge-bending’ motion could 
easily occur (Fig. 5; see also Figs 3, 4 and 6 of ref. 1). 


Specific and nonspecific cro: DNA interactions _ 
The proposed model for the complex between cro and DNA 
suggests that interactions occur predominantly within two. 
regions of the protein, namely residues 15-38, that is, essentially 
the a, and a; helices, and residues 54-66 which include part 
of the third B-sheet strand and the carboxyl terminus of the | 
molecule. i 





Fig. 3 Stereo drawing (Compare Fig. 1) showing the 

presumed hydrogen bonding of cro to base pairs in the 
major groove of O,3, following model building and 
; energy refinement. 
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© TATCTCTGGCGGTGTTG 
ATAGAGACCGCCACAAC ~ 


A sequences. ‘and relati e aflinities a are chee tr the six. AT: ae pair sites to hih cro > binds specifically in phage A. Mutations in thes 
th known relative affinities for cro. binding are also shown. (Data taken from refs 23, 24.) The relative binding affinities are to be compare: 
he change i in the number of sequence-specific hydrogen bonds between cro and the DNA site as predicted from the model for cro. bindin 
osed in the text. If the model is correct, and if hydrogen. bonding i is a major determinant in the specificity of cro: DNA recognition, then 
ss of successive hydrogen bonds ought to correspond to successive reductions i in the affinity of binding by about a factor of seven. 


as helix (residues 27-36) penetrates the major groove proximity of the guanidinium group of Arg 38 to guanit 
DNA and appears to contribute most of the sequence- (Fig. 3) might sterically inhibit the access of dimethyl sul a 
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“Fig. 4 Schematic representation of the contacts and interactions 
-< which are presumed to occur between cro and the phosphates in 

the DNA backbone. In the presumed cro: DNA complex, at least 
one close approach occurs between a given phosphate group and 
the named amino acids. Those phosphates for which ethylation 
interferes with cro binding”? are drawn solid. Numbering of the 
base pairs and the signs (+) and (—) correspond to the 
identification used in the text. Amino acids belonging to ‘lower’ 
and ‘upper’ cro monomers related by the horizontal dyad axis are 
non-primed and primed, respectively. Amino acids in parentheses 
are those at the C-terminus of the molecule which are disordered 
in the crystal (residues 62-66) or for which the backbone confor- 
mation has been adjusted (residues 60, 61) to improve the contact 

with the DNA. 


base pairs of the binding site, consistent with the observation 
that, for these three base-pairs, nitrogens N3 of the adenines 
exposed in the minor groove and N7 of the guanines exposed 
“in the major peor are susceptible to methylation by dimethyl 
sulphate***? 
>- Residues Glu 54-Lys 56 of the third 8 -strand, together with 
<-the twofold-related strand in the adjacent cro monomer, are 
located close to the centre of the binding site and lie parallel 
-to the minor groove, but, in part because of the bending of the 
~ DNA, do not lie within the minor groove (compare refs 1, 32). 
~- Rather, their contact with the DNA appears to be limited to 
interactions between the side chains and the phosphate back- 
- bone (Fig. 4). In the model for the presumed cro: DNA complex, 
the phosphate at position ~6 (between base pairs 6 and 7 in 
Fig. 4) and possibly one or two solvent atoms or cations are 
surrounded by protein. The two neighbouring phosphates also 
‘appear to be partly ‘covered’ by protein (see Fig. 4), consistent 
with the observation that ethylation of these three phosphates 
interferes with the formation of the cro: DNA complex**’, In 
the presumed cro:DNA complex, it appears that the seven 
terminal residues, including Lys 62 and Lys 63, could lie 
ng the minor groove of the DNA with the side chains 
racting with the phosphate backbone (Figs 4, 5). Since the 
"-terminal residues are disordered in the crystals of the 
ve protein’ it has to be emphasized that the details of such 
ractions remain very speculative. 


























ferences for protein-DNA recognition 


roposed complex between cro and DNA has a numnber 
of features which may be of general significance for recognition 
b proteins of specific sites on DNA. 

_ The initial determination of the cro structure’ revealed a pair 
of twofold-related a-helices arranged i in such a way that they 
could be placed within successive major grooves of right-handed 
Watson-Crick B-form DNA. This result gave credence to Dep 























vious- suggestion that a-helices of proteins mi 
the major groove of B-DNA, : 


The present study strongly suggests that. sequen etn | 
recognition of DNA is mediated by hydrogen bonds between- 





protein side chains and the parts of the base pairs exposed $ 


within the grooves of the DNA as has been advocated by a 
number of authors'® "%58, In particular, it is of interest to 
note that the specificity of recognition appears to be enhanced 
by multiple interactions between a given side chain and 
appropriate hydrogen bond donors and acceptors on the base 
pairs. The apparent bidentate interaction of Gin 27 with 
nitrogens N6 and N7 of adenine +2 as well as the interaction 
of Arg 38 with O6 and N7 of guanine —6 (Figs 2, 3) are as 


anticipated'*””. Ser 28 and Lys 32 are also presumed to partici- 4 


pate in multiple interactions. Such interactions had not been 


postulated previously, although von Hippel and colleagues 
have suggested that bridging interactions could occur between 
atoms on successive base pairs, as seems to be the case with 
cro, in some instances. Also Drew and Dickerson?’ have ob- 
served a solvent molecule (molecule 66 in their numbering 
scheme) which forms hydrogen bonds with both the N6 and 
N7 nitrogens of an adenine, precisely as is proposed to occur 
between O” of Ser 28 and adenine —3. 

In addition to the above hydrogen bonding within the major 
groove of the DNA, there are a number of apparent van der 
Waals contacts which are presumably also important in 
sequence-specific recognition. In particular, the C7 methyl 
groups of thymines +1, +3 and —5 appear to interact, respec- 
tively, with C* of Gln 27, with the carbonyl carbon of Asn 31 
and the a-carbon of Lys 32 and with C” and C* of Lys 32 (Fig. 
2). The importance of such hydrophobic interactions in the 
recognition of /ac operator by lac repressor has been shown 
by Caruthers*’ 

Another feature of the model which may be of general 
relevance is the combination of sequence-specific interactions, 
mediated by the more rigid parts of the protein structure, 
together with non-specific interactions that are assumed ‘to 
derive, in part, from flexibility in the cro structure. Two distinct 
types of flexible motion seem likely. First, the C-terminal 
residues (62-66) are not ordered in the crystals of the native 
protein, and are presumably free to move in solution. Because 
of this freedom of motion, and also because the C-terminal 
residues do not seem to be involved in sequence-specific interac- 
tions, we suggest that these residues are involved in the initial 
binding of the protein to the DNA. The second ane of flexible 





Fig.5 Schematic drawing of the proposed sequence-specific com- 
plex of cro with DNA. For the stylized DNA (shaded) the large 
concentric circles indicate the positions of the phosphate groups 
and the smaller circles follow the bottom of the major and minor 
grooves. For the cro dimer, one circle is drawn for each amino 
acid; continuous concentric circles indicate acidic residues, broken 
circles indicate basic residues, dotted circles indicate non-charged 
hydrophilic residues and open circles show hydrophobic residues. 
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inge bending 


‘as has been proposed to occur for lac repressor” 7, Inspection 
f the structures of CAP’ and cI repressor’ indicates that ‘hinge’ 
motion seems possible for these structures as well, suggesting 
is type of flexibility may be of general significance. One 
imagine that a hinge motion of the protein, as well as 
lity in the DNA, would give each of the cro monomers 
reedom to ‘sample’ adjacent base pair atoms in the major 
ve of the DNA. Only at the correct twofold-symmetric 
nding site would the full DNA-binding specificity be satisfied 
or both cro subunits simultaneously. Because a dimer rather 
han a monomer of cro binds to DNA, the overall recognition 
` -site extends over 17 base pairs (~60 A). However, the cro: DNA 
complex is presumably optimized for control rather than 
¿> tightness of binding so that not all of the 17 base pairs need 
contact the protein and, in addition, departures from exact 
twofold symmetry of the base sequence could be used to 
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motion déscribed: above. We suggest that such flexibility may | 
be of general importance in facilitating ‘sliding’ along the DNA 


_ Finally, we note that in 1 the proposed cro: DNA com 
most of the sequence-specific interactions, as well as a numb 
of the sequence-independent ones, come from the a,~a; helica 
unit. It has been striking to find, on the basis of recent sequence 
and structure comparisons, that a similar two-helical fold 
appears to occur in a number of other DNA-binding pro- 
teins**"** indicating that the principles of specific protein-DNA 
recognition suggested by the proposed model may be of general 
significance. 
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st five separate transport systems are involved in the 
f histidine by Salmonella typhimurium’. One of these, 





Complete nucleotide sequence and identification 
| of membrane components of the ; 


histidine transport operon of $. typhimurium 
C.F. Higgins’ , P. D. Haag, K. Nikaido, F. Ardeshir’, G. Garcia 
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The nucleotide sequence of the entire histidine transport paa from Salmonella typhimurium has been determined 
and is shown to consist of four genes, his], hisQ, hisM and hisP. This operon provides the only example of a binding 
: rotein-dependent transport system for which the total number of protein components is known. Determination of th r: 
10 acid compositions and sequences of these four transport proteins, together with analysis of various transpor 
ants, allows us tọ propose a molecular model for binding protein-dependent transport. 


igh- affinity histidine permease, has been extensively _ 


__. plasmic space and released by osmotic shock’. Such periplas 
E binding ponin are also involved i in chemotaxis. Shock-sen 
















characterized and is among the best understood of all bacter 
transport systems. This permease belongs to a broad grou 
‘shock-sensitive’ transport systems that require for functio 
specific substrate-binding proteins that are located in the pe 
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r with a. uy eel dhuA, form a AR operon 
cated at 48.5 minutes on the S. typhimurium chromosomal 
map’ (Fig. 1). The hisJ gene encodes the periplasmic histidine- 
inding protein, J, which has been purified and characterized’. 
1e hisP gene encodes a basic protein, P, which is located in 
he inner cytoplasmic membrane’. The previously defined hisQ 
ene is here shown to consist of two separate cistrons, hisQ 
nd hisM. Thus, four protein components are required for 
high-affinity histidine transport. 

The periplasmic protein J and the membrane-bound protein 
P interact with each other during histidine transport”. Com- 
plementation studies suggest that Q, M and P also interact with 
each other“, possibly existing as a multicomponent complex 
located in the cytoplasmic membrane. The Q, M and P proteins, 
_but not the J protein, are also essential for an arginine transport 
system that requires an alternative periplasmic component, the 
_lysine-arginine-ornithine-binding protein, LAO*”. The amino 
‘acid sequences of LAO and J are 70% homologous and the 
two proteins are believed to interact with the same site on the 
-membrane-bound P protein during arginine or histidine trans- 
‘port, respectively’®. Thus, the P protein provides a common 
“membrane-bound receptor for two independent binding pro- 
teins. LAO is encoded by the argT gene which is located 
-immediately upstream (Fig. 1) and i is transcribed independently 
“of the histidine transport operon”? 


Nucleotide sequence 


<. The entire histidine transport operon has been cloned as a 
-’12.4-kilobase (kb) EcoRI fragment in the phage vector A gt4 

_({ref. 12). The precise locations of the transport genes on this 
_ fragment were determined by correlating accurately a restric- 
tion map with the genetic map of the histidine transport 
< operon”. The various genes of the operon were sequenced by 
subcloning appropriate restriction fragments into the plasmid 
vectors pBR322 and pBR322-SVa'°. Figure 1 shows schemati- 
cally the histidine transport operon and the restriction frag- 
-ments used in our study, while the complete nucleotide 
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1 Physical and. peace’ map of the histidine transport operon. Top: 
ructural genes {solid bars) and the intercistronic and re gulatory regions 
i are all drawn to scale and include the arg7r/argT operon. The 
indicates uncertainty about the initiation site for hisM (see 
rows above the genes indicate length and direction of transcripts, 

ed from the Sequences. The transcription terminator sequence for 
‘histidine transport operon is located 0.11 kb 3' to the end of AisP. The 
rizo: tal. lines below the: chromosome indicate specific restriction frag- 
nts ubcloned. for sequencing purposes, All are derived from the original 
f the entire region sa-1 (a 12.4-kb EcoRI fragment”). Bottom: 
enetic. regions within the hisQ, hisM and hisP genes. These regions (in 
oman numerals) were defined by deletion mapping and biochemical analy- 
sis of mutants (refs 4, 6 and unpublished datan: 








equi i ne dit ansport | 
| base 3 pairs re (bp). is s presented it Fig. py 


Identification of the coding sequences 
hisJ. The reading frame between bases 1 and 780 has previously © 
been shown'® to be the coding sequence for hisJ. The amino _ 
acid sequence deduced from this nucleotide sequence corre- a 
sponds with the known amino acid sequence of the J protein’*. ~ 
Salient features of the amino acid sequence of J and its relation: 
to the LAO protein have been discussed elsewhere” oo 

hisP. All hisP mutations are located within eight genetic 
regions (IX-XIIIb; see Fig. 1)*° (unpublished results). The _ 
structural gene encoding the P protein (as opposed toa possible _ 
regulatory region) must begin in or before region X becaus 
two-dimensional gel electrophoresis” shows that one mutant 
mapping in this region (hisP5566, Fig. 1) results in a P protein — 
with an altered mobility. As the PstI site is located in region — 
XI”, the coding sequence for the P protein must include this 
site. The only open reading frame of any length spanning the 
Pst] site is from position 2,367 to 3,140, This reading frame 
encodes a basic protein with a calculated molecular weight (M,) 
of 28,738. The P protein has been confirmed experimentally 
to be basic and of ~24,000 M, on SDS gels®: a discrepancy 
between the calculated molecular weight and the molecular 
weight determined on SDS gel is not unusual (see, for example, 
ref. 15). We confirmed that this reading frame encodes the P 
protein by purifying P protein, double-labelled with *°S- 
methionine and *H-leucine, from several two-dimensional gels 
and analysing the first 12 amino acids on a sequenator. 
leucine appeared in steps 5 and 10 (data not presented), and 
a very small amount of *°S-methionine appeared in steps 1 and 
2. These results are consistent with the predicted P sequence 
at the NH,-terminus if we assume that most of the molecules 
have both N-terminal methionines removed post-transla- 
tionally, but a few have only one or none of them removed. 

hisQ. The region between hisJ and hisP has previously been 
defined genetically as hisQ and divided into regions (I-VIID*. 
The sequence (1,586 bp) between the termination codon of 
the J protein (position 781) and the initiation codon of the 
P protein (position 2,367) could potentially encode a single 
polypeptide of M, 53,000. However, examination of the nucleo- 











tide sequence does not reveal a reading frame covering this 


entire region. We have identified a protein, which we call Q, 
by non-equilibrium two-dimensional gel electrophoresis’® 
either of whole cells or UV-irradiated cells” following infection 
with A phages carrying the cloned transport operon’? (data not 
shown). It is a basic protein, of apparent M, 21,000, located in 
the membrane, and present in extremely small amounts (10-100 
times less than J; we have been unable to determine its NH,- 
terminal amino acids). The Q protein is absent from mutants 
in regions I-IV, but present in mutants in regions V-VIII. Thus, 
the hisQ gene proper does not extend beyond region IV. Region ~ 
I of hisQ contains the HindIII site b (Fig. 1)'*: therefore, the — 
hisQ coding sequence must start 5’ to this restriction site. Of _ 
all the potential initiation codons (ATG, GTG and TTG) - 
between the end of hisJ and HindIII site b, only one, at position — 
966, could initiate a peptide of more than a few amino acids. — 
This initiation codon is preceded by a strong ribosome-binding © 
site and would initiate a basic protein of 24,573 M,. Both the 
molecular weight and basicity of this protein are consistent with 
those of the Q protein. Therefore, we conclude that base pairs 
966-1,649 are indeed the coding sequence for the Q protein 
and we re-define the AisQ gene as comprising this coding 
sequence only. Regions V-VIII (and part of IV) must code for 
one or more additional structural genes, or may comprise an 
extensive intercistronic region. 

hisM. Between the termination codon for hisQ (position 
1,650) and the beginning of hisP (position 2,367) is a sequence | 
of position 717 which must correspond to regions V-VIII of $ 
the previously defined hisQ gene*. Mutants mapping in these — 
regions are indistinguishable phenotypically from hisP and hisQ 7 
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5 attough initiation may Phe at the meres ATG at p x 
| ilbert™, both strands being sequenced at least once i 










































































E s4 | . Each oF e: initiation E i pidua by a 
c some-binding site. We call this sequence, between the GTG 
1,649 and the TAA translation termination codon at 2,353, 
isM. This sequence encodes a basic protein of M, 26,404, 
hich we refer to as the M protein. This protein has not been 
lentified, probably because of its hydrophobicity, strongly 
asic character and probable low level. 


Noncoding regions 

The region 240 bp 5 to the hisJ structural gene comprises the 
sgulatory region for the histidine transport operon, dhuA. This 
egion has previously been defined as the noncoding region 
between the termination codon of argT (position ~240), the 
structural gene immediately upstream from the histidine trans- 
port operon, and the initiation codon (+1) of hisJ'°. The pro- 
moter for the histidine transport operon occurs within the region 
~55 to —84 as indicated in Fig. 2. Features of the nucleotide 
sequence of dhuA important in regulating expression of the 
histidine transport operon have been discussed elsewhere’! 
-Between hisJ and hisQ there is an intergenic region of 183 bp 
which contains an exceptionally long inverted repeat that, when 
transcribed, could forma very stable stem-loop structure (AG = 
- —54 kcal mol™')’’. As hisJ is expressed at a level at least 10 
times that of hisQ, hisM and hisP, it seems probable that this 
intergenic element has a regulatory role in reducing the 
“expression of the distal genes of the operon. The function of 
: this element is discussed in the accompanying article”? 
There is no untranslated intergenic region between hisQ and 
` hisM if the M protein starts with the GTG codon at position 
1,649, as the first codon of hisM overlaps the termination codon 
of hisO. However, if the initiation codon is the ATG at 1,754, 
the hisQ—-hisM intergenic region consists of 101 bp: no inverted 
-repeats or other features of potential regulatory interest have 
~ been found in this region. The third intergenic region, hisM- 
hisP, is only a few base pairs long. Such short intergenic regions, 
< as seen for hisQ~hisM and hisM-hisP, are typical of multicis- 
tronic operons where the flanking genes are expressed to 
approximately the same extent"? 

Preceding each of the four genes of the histidine transport 
operon are presumed ribosome-binding sites, sequences 
homologous to the 3’ end of 16S rRNA”. 

We have shown that the 5.4-kb Aval fragment (Fig. 1) 
contains all the genes required for normal high-affinity histidine 
transport (data not presented). Every transport mutation we 
have isolated maps within this fragment’’. Thus, if any histidine 
transport genes are located downstream from the hisP gene, 
they cannot be any larger than ~400 bp, this value being 
determined by Aval site b (Fig. 1). However, no open reading 
rame of any length is found between the end of hisP and Aval 
ite b. A typical transcription termination signal (a G + C-rich 
yad symmetry followed by several Ts; ref. 24) is found follow- 
g hisP at positions 3,254-3,270. Thus, it is clear that we have 
tified all the genes required for high-affinity histidine 


vi ahi is processed sis eal of the sina ier 


k N. ünpublish a data), All other. kiowa periplasmic and 
outet-membrane proteins (including the tra proteins; E. G. 





Minkley, personal communication) are synthesized as precur- 
sors with a signal peptide. i 
The other three proteins of the operon do not have a typical 
NH,-terminal signal peptide and indeed, for P we have shown < 
that the NH,-terminal sequence of the mature protein is the -~ 
same as that predicted by the nucleotide sequence. We have 
previously shown P to be located in the inner (cytoplasmic) 
membrane; as it interacts with the J protein’, it is presumably 
exposed on the outside of the membrane. The Q protein is also 
located in either the inner or outer membrane (see above). It ` 


seems likely that the M protein also is located in the inner 


membrane because it is hydrophobic and the complementation ac 
pattern for mutants in these genes implies that all three pro- 
teins, P, Q and M, interact with each other. Thus, although an- 
NH,-terminal signal peptide seems to be essential for a protein — 
to pass through the inner membrane, it is not required for 
insertion of proteins into the membrane. This is consistent with 
results obtained for several other inner membrane proteins 
whose genes have been sequenced and which also lack a typical 
NH,-terminal signal peptide’***. However, there do seem to 
be certain exceptions to this general difference between inner 
membrane and outer membrane/periplasmic proteins. For 
example, the integral membrane protein bacteriohodopsin from 
Halobacterium halobium is apparently synthesized as a precur- 
sor which is processed, although i its structural gene does not 
code for a typical signal peptide”; penicillin-binding proteins 
from Escherichia coli are also synthesized as precursors, though 
in this case it is not known whether their genes encode a typical 
signal peptide or whether processing occurs at the amino ter- 
minus’. The lactose permease gene codes for what might 
possibly be a signal peptide, although no processing occurs’?”, 
It is possible that in cases such as hisM, hisQ and hisP where 
no processing occurs, an internal hydrophobic region functions 
as a signal sequence, such as is found for the eukaryotic oval- 
bumin gene”? 

Consideration of the amino acid composition of the four 
transport proteins shows that the Q, M and P proteins are basic, 
in contrast to the J protein and the bulk (~ 90% ) of the bacterial 
cell proteins, which have pI values of about 7 or less (as 
estimated by two-dimensional gel electrophoresis of total cell 
protein®’), Two other inner membrane proteins, the lactose 
permease’ and NADH dehydrogenase", are also basic, their 


basic character possibly being related to their need to interact 
with the negatively charged phospholipids of the membrane. 
shows that proteins 


Calculation of the hydrophobicity index”? 
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Fig. 3 Models for transport by a periplasmic system. a, ‘Pore’ model; b, 
‘substrate-binding’ model, The solid triangle represents histidine. J is rep- 
resented as interacting with P on having bound histidine. In model a a pore 
is formed through P (dashed lines) and between O and M. However, it 
could be formed between P and/or Q and/or M molecules, and not through 
any single protein molecule. In model 6 potential histidine-binding sites 
on the membrane components are represented by hemispherical identations 
which are sequentially ‘activated’ to functional sites (indicated by triangles). 
Only the initial transfer of histidine from J to P, with the concomitant 
conformational changes, is illustrated. The transfer of histidine from P to 
M and from M to Q can be imagined to occur by a similar series of events. 
‘See text for discussion of these models, 














. Qand M have several uncharged stretches of 10 or more amino 


< acids (residues 62-80, 92-109 and 190-215 in Q; 20-47, 57-66, 
oe 68-85, 192-221 i in M) which are more hydrophobic than water- 
soluble proteins”. . However, the P protein has no significantly 
ydrophobic stretches and in this respect is comparable with 
the water-soluble hydrophilic J protein. The percentage of 
ged amino acids in each of these proteins parallels the 
ophobicity calculations. The unusually low hydrophobicity 
he membrane-bound P protein presumably reflects the fact 
this protein interacts with the J protein’ and may therefore 
rotrude extensively into the periplasm. Notably, histidine is 
found in all four transport proteins and is particularly abundant 
vin the P protein (11 histidines). The predicted sequences of two 
histidine biosynthetic proteins, HisG and HisD, show that they 
_ also contain histidine (W. Barnes, personal communication). 
Thus, despite the fact that all these proteins serve to supply 
histidine to the cell, they also require histidine for their own 
synthesis. An analysis of codon usage in the four histidine 
`: transport genes shows clearly that codon usage is non-random, 
-< condons recognized by the major iso-accepting species of tRNA 
-being most frequently used. 


_ Mechanisms of transport 


-< We have shown that the high-affinity histidine transport system 
‘> requires the function of four separate proteins. One of these, 
< the histidine-binding protein, J, is located in the periplasmic 
space. Of the other proteins, at least two (Q and P), and 
probably all three, are associated with the membrane. This 
provides the only example of a shock-sensitive, binding protein- 
dependent transport system for which the total number of 
essential components is known. However, all other binding 
protein-dependent systems which have been studied in detail 
` also seem to require other components in addition to a binding 
| protein***’. This multiplicity of components is in marked con- 
trast to the lower-affinity, shock-resistant, binding protein- 
_ independent systems, such as the lactose permease (lacY), 
_ where only a single, membrane-bound component seems to be 
required. 

The present determination of the number and location of the 
proteins required for transport, together with studies of trans- 
port mutants described previously and below, now allow us to 
begin to understand the molecular events involved in transport 
by a binding protein-dependent system (Fig. 3}. The periplasmic 
protein J binds histidine’, inducing a conformational change 
(such a change has been shown to occur; ref. 42 and S. Zukin, 
personal communication), which then allows the J~histidine 

complex to interact with the membrane-bound protein P”. Pro- 
| teins P, Q and M form a cytoplasmic membrane-bound com- 

_ plex’, with P exposed at the periplasmic face of the membrane. 
_.. The membrane-bound complex of P, Q and M could promote 
the passage of histidine through the membrane either by form- 
- ing a simple diffusion pore through the membrane, or they 
might possess specific binding sites for the transported substrate. 
_. These two possibilities are shown schematically in Fig. 3a and 
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J-histidine complex with P must induce a conformation 
change in the membrane complex. In Fig. 3a the ‘pore’ model- 
(modified from ref. 43) indicates that the J-histidine complex, 
on interaction with P, induces a conformational change allowing 
P, Q and M to form an open pore through which histidine can 
diffuse into the cell interior. In Fig. 3b, the ‘binding site’ mode 
indicates that one or more of the three membrane-bound pro- 
teins has a histidine-binding site”. These sites are ‘activated 
in a cascade-like manner, with histidine passing from one pro- 
tein to the next, thus being carried across the membrane. It is 
also possible to envisage models which combine features from 
each of the two models described. In both models an energ 
coupling step is presumably involved, although the mechani 
by which this is achieved remains unknown. 

The existence of certain classes of histidine transport. mutani 
could help us distinguish between the two models. The wild-type 
histidine permease transports L-histidine efficiently; it also. 
transports D-histidine and the histidine analogue HIPA with. 
lower affinity. The isolation of mutants in hisQ, hisM or hisP, 
which differentially transport these substrates, suggests that the _ 
corresponding proteins have a substrate-binding site rather than | 
being strictly part of a diffusion pore. We have found two types 
of such mutants: (1) hisQ6699 transports L-histidine. normally 
(Km within 10% of normal) but does not transport D-histidine 
or HIPA at all within the limits of our measurements; (2) some 
hisM mutants (the ‘odd group”) result in the loss of transport. 
of L- and D-histidine, and of HIPA, but also in an improved 
ability to transport L-histidinol. Both types of mutant can best. 
be explained by an alteration in a substrate-binding site in a- 
membrane-bound protein. This evidence supports the ‘sub-. 
strate-binding’ model: isolation and characterization of addi- 
tional mutants is required for confirmation. It has also been 
suggested that a membrane-bound component of the maltose 
permease may have a substrate-binding site (H. Shuman, per l 
sonal communication). 

The membrane-bound components of the histidine tansport 
system are only present in very small amounts in the cell, and 
hence are extremely difficult to purify. The cloning and charac- 
terization of the genes encoding transport proteins thus provide. 
the most powerful technique available for studying such sys- 
tems. Given the many similarities between the histidine and 
other binding protein-dependent permeases, it seems likely that 
the model presented here can be generalized to most, if aot 
all, such transport systems. 
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is still not known whether elliptical galaxies are oblate, 
rolate or triaxial. The prototype ‘prolate’ galaxy NGC2685 
rapid observed stellar rotation rate around the projected 
vinor axis, We show here that a steady figure, exactly prolate 
del can have no such rotation, and that a nearly prolate 
fails by a factor of 7. We suggest that the galaxy is oblate 
that the gas disk is the wreck of a dwarf companion. 

iere has recently been much interest over the determination 
of the three-dimensional figure of elliptical galaxies. This inter- 
est can be classified into four areas——-statistical studies of surface 
brightness > theoretical models**, detailed surface photo- 
metry® a and the study of the distribution of embedded gas’. 
‘The last approach is distinguished by its potential ability to 
make statements about individual galaxies. 

In the absence of figure rotation (for example, the tumbling 
of a bar) a gaseous disk is thought to settle into the fundamental 
plane of a biaxial galaxy in a time scale given by 


din TIAN 
=) (1) 
dinrir 

where y is the settling time, T is the orbital time, J, is the 
quadrupole moment of the gravitational potential, @ is the angle 
between the disk plane and the fundamental plane of the galaxy, 


ris the disk radius and Ar is the characteristic excursion in 
radius of gas clouds in the disk'°®. That excursion can be related 





T= T( 61, cos @ 








where K is the epicycle frequency. Specializing now to a 
logarithmic potential (flat rotation curve), we can use K = 
¥2v./r (where v, is the circular velocity) to write 
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loting that J, is <0.5 even for very flat galaxies and that 
u/v.~ 0.1 (a reasonable assumption), we see that the settling 
time from an inclination of 60° or more is always >t, ~9T. 

- The fact that the characteristic settling time is less than the 
age of the Universe has been used to argue that NGC2685" 
is, in fact, a prolate object with a small pattern speed”’. 

. The next step is to construct a prolate stellar dynamical model 
‘for NGC2685 which is consistent with the observed stellar 
‘rotation. We attempted such a construction as part of a system- 
atic study of prolate stellar systems using Schwarzschild’s* self- 
sistent field method. That method chooses a specific poten- 
ial, follows stellar orbits in that potential and finally adds up 
he time averaged stellar orbits to produce a density distribution 
ponding to the original potential. We used a logarithmic 
tial with a flattening corresponding to an E5 galaxy’. 

ch a model must reproduce the large observed rotation 
bout. the projected minor axis. The observed rotation 
gi pe i is eo ie 13), while a is ~100 kms ihi 
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`: tothe peculiar velocity Av of the gas clouds through Ar = Av/K 
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large PE velocity ca i edifthe y component 
i, of the total angular momenti m of each orbit is >0 for all - 
l = 0 orbits {no orbit circulates in the opposite sense). Because 
these orbits are only neutrally stable. against perturbations — 
which cause rapid precession about the z axis, this configuration 
is implausible. Even if the orbits were stable, the model’s v /a 
completely fails to reproduce the observed one of unity. 

A model more consistent with the observations can be con- 
structed with a slightly triaxial figure. The orbit of Fig. la can 
easily be followed in a gravitational potential of the form. 





P= 5 in a + = + =) : B) p 


If p <1 the orbit is stable but /, is no longer conserved and the —— 
orbit is no longer required to reach z = 0 frequently (see Fig. 
15). Therefore a larger number of these orbits can be incorpor-_ 
ated into the model. A nearly prolate model was constructed 
maximizing the influence of these streaming orbits with p = 0.9. 
Viewed from the x axis (edge on) its v/g =0.1. The maximum 
v/a was achieved from ~30° from the x axis in the x-z plane. 
From that vantage point v/o = 0.14. Thus we cannot construct 
a nearly prolate model with no figure motion and large v/a. 
We emphasize that this method maximizes v/o within the set 
of all self-similar solutions of this general form. 

The failure to construct a figure fixed prolate model with 
large v/o indicates that the galaxy is not prolate. An alternative 
explanation for the gas ring is that it is the wreck of a dwarf 


| 
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Fig. 1 a, Three orthogonal views of an orbit in a fixed biaxial 
prolate potential (with p= 1, q = 1.333, see equation (3)). The 
envelopes are cuts through the equipotential and equal-density 
surfaces. Note that the orbit streams through the galaxy maintain- 
ing a well defined circulation in the x-z plane. This orbit has no 
z angular momentum and is only neutrally stable. b, As a but 
with a triaxial potential with p = 0.95 and q = 1.333. This orbit 
also streams. It is a stable orbit with fluctuating z angular 
momentum. 
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: iario does not, by itself, constrain the age of this 
: oe disk. The disk is very inclined, and equation (2) suggests 
hat. for exact polar alignment (@ = 90°), the disk lifetime is 













ict, equation (2) for the settling time also provides the 
to calculate the time independent (or ensemble average) 
ution of ring angles. From equation (2), du/dt <u * where 
os @ is the cosine of the tilt angle (u = 0 for a polar ring). 
ause rings are inserted at some angle and then decay to the 
lane, they obey a continuity equation of the form 


erat git) “ 


where n =n(u, t) is the chance of finding a disk at inclination 

p at time ¢, and (an/0t); is the insertion rate. In steady state, 
-- @n/dt = 0. For insertion in strictly polar orbits it is easy to show 
_ that nO -2 while for an insertion rate independent of p, 
. mp" (to verify these results it is necessary to apply the 
ae appropriate boundary conditions at u = 0). 

_. Note that the above results indicate a preference for disks 
in non-steady state but relatively long-lived nearly polar 
configurations regardless of the injection rate. The number of 
inclined disks will, however, be set by the ratio of the injection 
rate to the decay rate. Since the latter is ~ro= 10T (10? yr), 

a frequent incidence of tilted disks is required to demand an 

insertion time scale much shorter than the age of galaxies. 

‘However, these objects may be more common than we realize 

judging from a flurry of recent discoveries (ref. 14 and P. 

Schechter, unpublished data). Note that our Galaxy may be 

about jo acquire such rings as the Magellanic clouds come 
F apart”. 

“Although we have presented a strong case for the view that 
-this ‘particular galaxy is axisymmetric with two long axes, we 
ae have not explicitly ruled out a slowly tumbling bar. 

There is, however, an argument which suggests that slow 
figure motion does not alter the small values of v/a derived 
above. Schwarzschild’* and Miller and Smith'’ have constructed 
models of tumbling triaxial and biaxial prolate galaxies of very 
different rotation rates. In both studies the observable rotational 
velocity is never more than 1.5 times the pattern speed at any 
` radius. Because the pattern speed must be small to avoid 
disrupting the polar rings in the galaxy under consideration if 
it is a tumbling bar’’, these models also indicate a small value 
of v/a. 
We conclude that it is easy to model NGC2685 as an oblate 
galaxy with polar rings of gas which are the wreck of a dwarf 
companion: It is impossible to construct a fixed figure prolate 
model which reproduces the observed stellar rotation rate. It 
s doubtful that a tumbling prolate model would resolve the 
discrepancy. It may be that a number of galaxies which have 
-been identified as prolate objects because of embedded disks 
vare in fact oblate objects. 
-- We thank G. Lake, S. Tremaine, M. Schwarzschild and P. 
'> Schechter for advice and encouragement. This research was 
© partially supported by NSF grant AST 82-02930 and by NASA 
=, grant NGR 23-005464. 
g “Received 24 May; accepted 24 June 1982, 


-4 Marchant, A, B. & Olson, D. W. Astrophys. J. Lett. 230, L157-L159 (1979). 
` 2. Richstone, D. O, Astrophys. J. 234, 825-828 (1979). 
3. Olson, D. W. & de Vaucouleurs, G. Astrophys. J. 249, 68-75 (1981). 
4, Schwarzschild M, Astrophys. J. 232, 236-247 (1979). 
S 
6 










"S, Richstone, D. O. Astrophys. J. 238, 103-110 (1980). 
6. Williams, T. B. & Schwarzschild, M. Astrophys. J. 227, 56-63 (1979), 
Williams, T. B. & Schwarschild, M. Astrophys. J. Suppl. 41, 209-213 (1979), 
tola, F. & Galleta, G. Astr, Astrophys. 77, 363-365 (1979). 
rtola, F. & Galleta, G, Astrophys. J. Lett. 226, L115-L118 (1978). 
hline, J. E., Simonson, G. F. & Caldwell, N. Astrophys. J. 252, 92-101 (1981) 
andage. A. The Hubble Adas of Galaxies, 7 (Carnegie Institution, Washington DC, 1961). 
ne, J. BE. & Durisen, R. H. Astrophys. J. 257, 94-102 (1982). 
hechter, P. L. & Gunn, J. E. Astr. J. 83, 1360-1362 (1978). 
“Ha varden, T. Gao Elson, RA. W. Longmore, A. J., Tritton, S. B. & Corwin, H. G. Mon. 
Ne R. ust. Soc: 196, 747-750 (1981). 
oo” BSS. ine, S , Astrophys. J. 203, 72-74 (1976). 
oe | s: Sehwarechiid, M. Preprint (Princeton University, 1982). 
Te He mith, B; F. Astrophys. J. 227, 785-797 (1979). 














Conpoioirdepondént glass-transition 



















































temperatures and copolymers 


P. R. Couchman 


Department of Mechanics and Materials Science, Rutgers Universit i 
PO Box 909, Piscataway, New Jersey 08854, USA a 





The glass transition is of primary relevance to the foi 
conditions and end-use properties of polymeric mate 
Several polymers of industrial importance, most notably pol 
vinyl chloride (PVC), contain small molecules as process 
lubricants (plasticizers) and are, therefore, solutions. Separ- 
ately, economic and materials advantages have spurred the use. 
of one-phase mixtures (miscible blends) of high polymers. The 
general theme of the compositional variation of glass-transition | 
temperatures (T,) includes, in addition, the variation of T, with | 
degree of polymerization, with cross-link density (network for- 
mation) and with copolymer composition. An attempt is made 
here to find a unified basis for the prediction of these. several 
aspects of an identifiably single topic. 

For solutions which are largely random and for phenomena 
which can be modelled in terms of such solutions, a recent 
thermodynamic theory for the compositional variation of glass- 
transition temperatures’ has provided a method for calculating. 
solution glass-transition temperatures, T, from pure- 
component glass-transition temperatures, T,,,, their correspond- 
ing glass-transition increments of heat capacity, AC,, and the 
mole or mass fractions, X, of these components. The equation ; 
for the glass-transition temperature of a c -component blend is 
in the temperature-independent approximation for the AC : 


Sia ect AC,, In Ta 
X AC, 


Systems to which this entropic expression has been applied if 
successfully include miscible blends of polymers’ and plasti- 
cized straight-chain* and network“ polymers. Additionally, the 
effect of degree of polymerization® and of cross-link density’ : 
on T, have been accounted for by the theory. z 

For binary solutions, the derivative 


din T, AC,AC, In Ty/ Ta 
“dX ~ (XiMC,, +X24C,,)° 


does not vanish (except in the trivial case) and, theretare 
equation (1) predicts a monotonic dependence of T, on overa 
composition. For near-random (and other) copolymers T, ca 
however, manifest a compositional absolute extreme val ) 
Thus, any model of copolymers as binary solutions canno 
generally acceptable. Nevertheless, as outlined belos 
possible to include copolymers of arbitrary ordering within the 
theory by recognizing formally that when differences b 
primary bonds must be considered in connection with th gia 
transition properties of entities comprising a solution, th 
microscopic rather than overall composition determines the 
solution behaviour. A 

Sequence-distribution effects on T, can be accounted for i in. 
the nearest-neighbour approximation by formal treatment o 
the general copolymer as a random solution of mer: pairs 
fractions fis fin fo- The particular version of equation (1) whic 
then arises is | 


a 7, =f BC 18 Ta tfa AC 1n Tas +f AC 
fa AC +f AC, pg Efi AC,, : 
The denominator of this relation is, as for equation @ E 


solution transition increment of heat capacity, AC, (ref. 1). F 
copolymers formed by continuous reaction of i andj i mo om 


In T, = w 


jad 


pi In Tw : : 
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PaO, In Tea + 2f(1—-f,) AC), In Toy 
+r =A) AC, In Ty, (4) 
AAGA =f) AC,, +r -FY AC, 


rovides a formal method for the calculation of glass-transition 
temperatures of the quasi-binary solution from glass-transition 
properties of the corresponding homopolymers, the fully alter- 
nating copolymer, and the monomer reactivity ratios, For values 
f these properties which admit a physically acceptable value 
¿as a solution of the quadratic equation obtained from the 
dition. din T,/df; = 0, the copolymer glass-transition tem- 
perature will pass through an absolute extremum. The sign of 
the second derivative d? InT,/df} at this value of f, determines 
the nature of the extremum. If the quadratic equation gives no 
admissible value of f, the copolymer glass-transition tem- 
perature is a monotonic function of feed composition. The 
compositional variation of the copolymer glass-transition incre- 
ment of heat capacity can be analysed in a similar manner. 
Generally, extreme values of T, and AC, occur at different 
compositions. 

>. A considerable simplification of the theory occurs for an ideal 
- azeotropic copolymerization (r; =r; = 1) of monomers for which 
_T,, = Ty and AC, = AC,,. In these circumstances, the extreme 
< value of the copolymer glass-transition temperature, T*, occurs 
vat th= 5 and is given by 





AC,, In T,, + AC,, In T,, 
ACi i SE pi 


‘If, further, the difference between AC,, and AC,,, can be 
neglected, 


In T = (5) 


TE = (ToT ay)” (6) 


_ Comparison of theory and experiment for ethylacrylate-vinyl- 
_idene chloride copolymers affords a critical test of the theory, 
as a well-defined extreme value of T, occurs. For this system’, 
K=r~=1,T,, ~ Tau = 250 K and Tes = 408 K. In the absence of 
information on the dyad transition increments of heat capacity, 
the approximation AC,, = AC,, = AC,,, allows equation (6) to 
be used, predicting a maximum value of the copolymer glass- 
transition temperature of 319K, at fi=3. The observed 
maximum value of T; is 308 K and occurs at f, =3 (ref. 9). 

< Previous applications of the theory’® have placed in a more 
general context a variety of empirical and semi-empirical 
expressions for specific aspects of the compositional variation 
of T,. Similarly, the formal treatment outlined here gives as 
rst or second-order approximations current relations for the 
ariation of copolymer glass-transition temperatures with com- 
osition. Finally, note that equations (1) and (3) are in effect 
egrated, predictive forms of an entropic formal tautology for 
mposition-dependent transitions of the second-order 
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Gold deposits are commonly associated with quartz veins. côn- 
taining variable amounts of pyrite and other sulphides. Gold 
is thought to be transported as AuCl; or AuCl; in strongl 
acidic and saline solutions and as AuS~ or Au(S,0,)3 in weakly 
acidic and alkaline solutions by hydrothermal solutions comi 
from great depth and rising in rock formations through faults’?, 
In some cases gold occurs as finely divided particles, intimately 
intergrown with pyrite, suggesting that gold, quartz and pyrite 
were probably precipitated in response to a change in tem- 
perature. Fyfe and Henley’ showed that the solubility of gold x 
increases from 10 p.p.m. at 300°C to 1,000 p.p.m. at 510°C. | 
In other cases gold may be aggregated in one spot in abundance 
while the remainder of the ore is barren, indicating preferential 
precipitation in one site. Using ESCA (electron spectroscopy 
for chemical analysis), we have studied the reaction between 
KAuCl, in solution and various sulphide minerals. Gold(11t) 
was rapidly reduced to metallic gold on the surface of these .. 
minerals, suggesting a new mechanism for the deposition of 
gold at low solution concentration and temperature. 

Various sulphide minerals [pyrite (FeS;), pyrrhotite (FeS), 
sphalerite (ZnS), galena (PbS)] were cut into plates of 
1x 1x 10cm and were reacted with KAuClL, solutions of 1, 10 
and 100 p.p.m. at different pH for various periods of time. 4 
Figure la shows the ESCA spectrum of the gold 4f lines of 
the original KAuCl, solution evaporated on Tefion. The binding 
energy of the gold 4f,,. line at 87.4 eV (relative to carbon 1s 
line at 284.5 eV) is representative of Aui) compounds’. 
Figure 1d is the spectrum of pure metallic gold and shows a 
binding energy for the gold 4f,,. line of ~83.5eV which is” 
3.9 eV lower than Aull). Figure 1b shows the ESCA spectrum 
of sphalerite (ZnS) reacted with a solution of KAuCl, 
(10 p.p.m.) at room temperature. This spectrum clearly shows 
that both Au(itl) and Au(O) are present on the surface. Figure 
lc shows the ESCA spectrum of pyrite (FeS) reacted with 
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Fig.1 Gold 4f ESCA spectra for: a, KAuCh solution (10 p.p.m.) | E 
evaporated onto Teflon; b, sphalerite (ZnS) plate reacted with 







this KAuCl, solution; ¢, pyrite: (FeS;) plate reacted with this i 
KAuCl, ames d, metallic Au. a: 












s < that Au(0) only is present on the surface. 
~The reduction of Aulii) was found to be independent of 
either the pH or the initial concentration of gold and was found 
-to occur even in saturated KCI solution. Gold was reduced 
-Au(H) to Au(0) within a minute by every mineral studied 
i t- sphalerite. In this latter case, the reduction was slower 
both species, Au(il) and Au(0), were observed. This 
ests that the nature of metal ion in the sulphide may have 
nportant role in the deposition of gold. Further work is 
ring done to clarify this point. 
~The mechanism that is thought to occur is: adsorption of 
< Au(itt) as the hydrated or the hydrolysed species (chloride is 
< > not seen on the surface), followed by reduction of the gold by 
<o the sulphide. 


8Au(1t) +38% + 12H,0 > 8Au(0) + 38047 + 24H* 


The deposition of gold goes on even after the surface is entirely 
<z Covered, and can actually be seen with the naked eye. After 
-the first layer of Au(0) is deposited, electrons for the reduction 
“sare: probably coming from the interior of the crystal. This 
z phenomenon is similar to the observed reduction of gold on 
activated carbon’. These results suggest that adsorption of 
<o Aull) by sulphide minerals followed by reduction could have 

an important role in the deposition of gold in natural systems, 
especially at low temperature and low solution concentrations 
of gold. 
We thank the NSERC (Canada) for research funds, Professor 
_R. J. Puddephatt for the KAuCh, and Professor W. S. Fyfe for 
helpful discussions. 
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Laboratory experiments" in aqueous solutions have been used 


to model some of the physical and dynamical processes occur- 
ring during crystallization in magma chambers. In particular, it 
: has been demonstrated””’* that crystallization at the side walls 
can lead to density stratification and layering in an initially 
_ homogeneous container, and also to the formation of vertical 
compositional gradients (that is, to differentiation’) when more 
than one solute is present. Density gradients and compositional 
-layers can alternatively be set up by replenishing a container 
-from below with fluid of different temperature and 
> composition**’. Underlying all this work has been the concept 
= that some aspects of the regularity and large horizontal extent 
of layering in well-documented igneous intrusions*’ might be 

> -explained in terms of ‘double-diffusive’ effects in the fluid state, 
„with the growth of crystals subsequently being affected by these 
pre-existing layers. In the latest experiments reported here, we 
have explicitly addressed the problems of horizontal layering 
‘oduced i in the crystals themselves, when a compositionally- 
stratified tank of fluid containing several solutes has been cooled 
m either below or above. The relationship between the scales 








: ‘examined. 
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of the layers in the fluid and in the crystals has also been 
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Earlier experiments" in n which crystals of a constant compos 
tion were grown at the top or bottom of an experimental. tan 
were of two kinds, in both of which layered structures wer 
produced. When an aqueous solution of a single solute (usually 
Na,COs) was cooled from the top’, crystals of Na,CO;- 10H,0 
formed in horizontal layers, whether the initial fluid was 
homogeneous, was smoothly stratified, or was set up with 
several distinct layers of different densities. The dominant effect 
in all cases was the formation of a cold but less dense fluid 
layer against the cooled upper boundary as the denser crystals 
grew (because the density of the saturated solution decreased 
as the temperature fell). When the top boundary was held below 
the eutectic temperature, bands were observed in the eutectic 
layer at levels corresponding to pre-existing fluid interfaces; 
the advancing front of the crystals growing below this also 
remained nearly horizontal, and the growth rate was clearly 
influenced by the positions of the fluid layers. Cooling a compo- 
sitional gradient from below produced a compact layer of dense 
crystals of nearly uniform thickness, above which was a fluid 
layer which increased in depth with time. In this layer convec-. 
tion was driven by the compositional change in the residual — 
fluid generated by the removal of the solid phase at the lower 
boundary, and the changing depth was a measure of the total 
volume of less dense fluid produced. 

The second type of experiment involving bottom crystalliz- 
ation was conducted* to model the evolution of a magma 
chamber following the sudden influx of a new layer of hot but- 
heavy magma at the base. This lower layer remained chemically 
isolated from the rest of the chamber, while it cooled rapidly - 
through the interface and crystallization proceeded“. In the 
laboratory model of this process, the lower layer was hot KNO,. 
solution and the upper layer was a colder, less dense NaNO; 
or K,CO, solution. Crystallization of KNO; took place on the © 
bottom, often extending upwards to the interface, which pro~ 
duced a sharp horizontal top to the crystal layer. At the same 
time the density of the residual liquid in the lower layer 
decreased due to the compositional change. When this density. 
became equal to that of the upper layer, the interface broke | 
down, so that the two layers mixed thoroughly together leaving 
a layer of KNO; crystals at the base. Related experiments’ have _ 
been conducted with a compositional gradient above the lower. 
layer, and these show that the overturned lower-layer fluid is 
then confined by the gradient to the lower part of the upper. 
region. 5 

The present experiments represent extensions of each of- 
these cases, with the additional feature that more than one 
component crystallized out during the course of an experiment; 
in a sequence and manner which were determined by the 
evolution of the layered fluid system. Examples have been. 
chosen to illustrate different ways in which crystallization: can 
be controlled by the compositional stratification. : 

The experimental tank used was a Perspex cube of 20c cm 
internal dimensions, fitted with a metal base through wh 
coolant could be circulated at a controlled temperature. ” 
procedure was to fill the tank with one or more layers of solutio 
of known composition and temperature (and hence density 
to insulate all the side boundaries, and to monitor at intervals 
the development of the fluid and crystal layers, and in some 
cases the properties of the residual fluid. Usually the bottom 
was cooled slowly, by lowering the temperature of the coolant 
in small steps, but in several experiments the bottom crystalliz- 
ation was produced by cooling from the top, followed by internal 
heat transfer (through the interfaces between the layers). | 

Consider first an experiment in which the whole tank was 
filled with a homogeneously mixed aqueous solution of CuSO, 
and NaSO.. The initial compositions were ~19 wt% CuSO, 
and 9wt% Na.SQ,, well in the range where the copper $ 
will crystallize first. (The conditions used in this and la 
experiments are summarized in Fig. 1, where the four ca 
a-d correspond to the photographs in Fig. 3.) When this solut 
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‘Fig. 1 Summary of the initial conditions in the four experiments 
for which the final crystal products are shown in Fig. 3a-d. The 
;: tank was cooled through the base in each case, and insulated at 
AE the sides and the top. 


_ At the same time the composition of the residual fluid, well- 
mixed by ‘compositional convection’, moved towards the cotec- 
‘tic line as shown on Fig. 2, which is part of a phase diagram 
_ prepared for a more detailed study” of crystallization of these 
two components in a different geometry. Before the cotectic 
_ line was reached, however, Na,SO,-10H,O crystals started 
_ growing on top of the previous layer (with just a few crystals 
of CuSO,°5H,0 visible between them), and built up to a nearly 
uniform depth of 2 cm, as shown in Fig. 3a, while the composi- 
tion evolved further back into the copper field. This behaviour 
has been attributed’ to disequilibrium effects, and the different 
kinetics of crystallization of the two components, which made 
it possible for the growth of the copper salt to be suppressed 
when it was covered by the faster-growing Na,SO,:10H,O. 
Similar kinetic effects are also likely in crystallizing magmas, 
_ but even if these remained much closer to the equilibrium 
conditions, the evolution towards, and then along, a cotectic 
line would nevertheless produce an abrupt change in composi- 
tion of the crystallizing phases. 
. The next experiment to be discussed (Fig. 1b) started with 
a 6-cm deep layer of similar composition to that used in the 
preceding experiment, with specific gravity 1.34 and tem- 
perature 45 °C, underlying a layer of depth 14 cem which was 
relatively rich in CuSO, and less concentrated in NaSO, 
(specific gravity, SG = 1.25 at T = 22 °C). Cooling from below 
produced the same sequence of crystal layers, first the copper, 
then the sodium salt, but with the changeover occurring sooner 
because the composition changes were confined to a shallower 
fiuid layer. During this process, however, the density of the 
ywer layer was decreasing, until eventually it overturned and 
ed with the upper layer. This suddenly brought the top of 
crystals into contact with a Cu-rich solution, and another 
er of CuSO,:5H,O built up on top of the previous layers, 
hown in Fig. 36. Note that though the fluid layers un- 
btedly controlled the growth and sequence of the crystal 
; ; the thicknesses i in the two states were not identical, and 


















“uniform thickness of 4. 0c cm. ‘after about 4 days 










overturning in this case, because of the large density d fiere ene 

across the interface between the two layers. G 
There is no doubt that more complicated crystal sequences í 

can be produced when more fluid layers are present initially; 


when there are more components which can crystallize over 


the temperature and composition ranges attainable in an experi- 
ment, or when the cooling conditions (for example the tem- | 
perature of the base of the tank) are changed. The next case - 
to be discussed is a three-layer system in which two solutes | 
were present initially. The top, 12-cm deep, layer was KNO; 

solution at 24°C, SG = 1.148; the middle layer was also KNO; 
at 46°C, SG = 1.192, 4 cm deep; and the bottom. layer (put 
last) was CuSO, solution at 54 °C, SG = 1.310, 4 cm deep { 

1c). Cooling from the bottom (with the coolant at 8 °C) pr 
duced a 5 mm thick layer of CuSO,:5H,O crystals in SSH 
during which time the three fluid layers remained distinct. 
Overnight, after a total of 19.5h, the bottom interface had 


broken down; some of the CuSO,-:5H,O crystals had re- 


dissolved, but a thinner layer survived, above which was an. 
8-mm layer of paler blue crystals, identified (by X-ray diffrac- 
tion) as the double sulphate K,SO,-CuSO,-6H,O. The coolant 
temperature was dropped to 0°C, and after a further day (a 
total of 45.5h) the second interface had broken down, and 
convection extended over the whole depth of the fluid. On top 
of the two previously observed crystal layers was a thicker layer 
of KNO, crystals, compact at the bottom but with needles on- 
top (see Fig. 3c). Thus each time an interface broke down, the . 
composition of the fluid in contact with the cooled bottom 
changed abruptly, allowing one or more new solid phases to 
crystallize. 

An example will now be given in which the thickness of the 
crystal layers was more directly controlled by the depth of the 
compositional layers in the fluid. A 12-cm deep layer of 
(NH,)2SO, solution at 10°C, SG = 1,187, was set up above a 
5-cm deep layer of CuSO, solution at 54°C, SG = 1.296 (Fig. 
ld). The interface was initially sharp, but it was stirred gently 
to produce a transition region 4 cm thick. The coolant circulat- 
ing through the base was brought down from room temperature 
to 5°C; on this occasion the thin insulating layer (usually built 
into the base of the tank to maintain a uniform temperature 
over the whole area) was left out, and the coldest temperature 
were therefore close to the back face. After 1.5 h, a layer of 
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Fig. 2 Part of the phase diagram of the CuSO,-Na.SO,-H,0 
system, showing the cotectic line (representing solutions in equili- 
brium with both CuSO,-5H,0 and Na,SO,:10H,O), and the 
saturation lines for the two components separately. The region 
detailed is contained in the small triangle on the full phase diagram 
sketched at the upper right. The evolution of the bulk composition < 
of the fluid, during the experiment corresponding to Figs la and = 

3a, is also plotted. Times (in hours since the start of cooling) are — 
marked spuni the. measured points. 
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layer of mixed solution of Cu and Na sulphates evolved with time (see Figs la and 2). The photograph was taken after the sodium sulphate 
crystals had dehydrated. (All scale bars, 5 cm.) 6, The crystal structure produced by cooling a two-layer fluid system from below. The lower 
layer consisted of a mixture of Cu and Na sulphates similar to that recorded in Fig. la, and the first two crystal layers grew as described in 
a. The density of the lower layer decreased until overturning occurred, and another layer of CuSO4 5H20 then grew on top from the Cu-rich 
solution newly in contact with the crystals. The first indication of a second layer of sodium sulphate is also seen above this. c, The crystal 
structure produced by cooling a three-layer fluid system from below. The upper two layers were KNO, (with different concentrations and 
temperatures, as detailed in Fig. 1c), and the lowest was hot CuSO, solution. The crystal layer which first formed over the bottom was 


a 
Fig. 3 a, Horizontal layers of first CuSO,-5H,O, then Na,SO,-10H,O crystals, produced by cooling from below, as the composition of a N 
j 
a 


i 

A 
CuSO4- 5H20. As the two interfaces broke down successively, and the composition of the fluid in contact with the top of the crystals changed i 
abruptly, layers of the double sulphate crystals (K2SO,-CuSO,:6H,O) and then KNO, crystals formed on top. d, Crystal layers which am 
correspond directly to the pre-existing compositional layering in the fluid from which they grew (Fig. 1d). A 5-cm deep layer of hot CuSO, 
solution was placed below a 12-cm deep layer of less dense cool (NH4)2SO, solution, and the interface thickened by stirring. Cooling from 
below produced a uniform layer of CuSO,-5H2O on the bottom and a horizontal band of the double sulphate (NH4).SO,4-CuSO,:6H,O, 
with a small fraction of (NH4)2SOx, in the interfacial region. When overturning occurred, to produce a single convecting fluid layer, further 





growth of the double salt took place, extending away from the previous deposit. a 
CuSO, -5H,0 crystals had begun to grow over the whole floor, in which some species will crystallize preferentially, at higher d 
and a few paler blue crystals (probably the double sulphate temperatures than any crystals can form in either layer separ- ‘ 
(NH,).SO,. CuSO,:6H,O) were observed on the walls and ately. In general the thickness of the various crystal layers is J 
corners at the centre of the transition layer. No observations determined only indirectly by the depth of the fluid layers, but f 
were made overnight, but by 19h the fluid in the tank had in the third case there is a direct relationship between the two A 
overturned, and the structures shown in Fig. 3d were observed scales. : 
(looking from the back—above the most strongly cooled The dynamical principles sketched here should be directly a, 


region). There is a layer of copper sulphate on the base, with 
above it a uniform layer of the double sulphate crystals, mixed 
with a small fraction of (NH,)2SO, crystals. A horizontal layer 
of the double sulphate plus some ammonium sulphate is also 
visible at the level of the original interface, and it can be deduced 
that this is where the composition of the mixed solution initially 
favoured the formation of these two phases; further crystalliz- 
ation has occurred upwards and downwards from this level 
following the overturn and complete mixing. 

Thus at least three mechanisms have been identified whereby 
a series of horizontal crystal layers of nearly constant thickness 
and abruptly changing composition can be produced in a layered 
multicomponent fluid system cooled from below. First, the 
composition of a single isolated layer may evolve (more rapidly 
than would otherwise be the case in a very deep well-mixed 
container), so that crystallization of a new phase with different 
kinetics becomes possible above the crystals originally formed 
on the bottom. Second, the decrease in density of the residual 
fluid which accompanies crystallization can lead to a sudden 
overturning and mixing, which rapidly changes the composition 
of the deeper combined layer in contact with the top of the 
crystals previously formed. Third, the interfacial region between 
fluid layers of different composition can provide an environment 


applicable to crystallizing magmas. The justification for trans- 
ferring results from one fluid system to another, and the associ- 
ated scaling problems, have been discussed elsewhere'* and 
the need for this type of study has already been recognized in 
the recent literature””’” on layered intrusions. Further work in 
progress is aimed at providing a more quantitative understand- 
ing of the evolution of crystal layers and the solutions in which 
they are growing, so that the laboratory results can be general- 
ized and used predictively for more complex magmatic systems. 

We thank D. L. Corrigan and R. Wylde-Browne for assist- 
ance at all stages of these experiments, and P. W. Berrie for 
help with the X-ray diffraction analyses. 
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dan ental mechanism of some continental rifting processes 
appears to be the transmission of thermal energy into the 
lithosphere by asthenospheric upwelling (the ‘active’ mechan- 
ism of Sengor and Burke‘), for which the East African rift 
system is a classic example. The abundance and variety of 
magma types of predominantly alkaline affinities in the East 
-Rift which derive from the thermal perturbation suggest that 
` studies of igneous petrogenesis may offer a method of inves- 
_tigating the physical as well as the chemical conditions of the 
‘upwelling. Systematic variations in the temporal-spatial- 
‘compositional relations of igneous rocks associated with rifts 
are becoming well documented for several different rifts”, 
and it is generally observed that the degree of silica-saturation 
_ of lavas within these rifts increases with time, while incompat- 
ible element contents decrease. Furthermore, at any given 
instant, lavas erupted within the rifts are less silica-undersatur- 
< ated than lavas erupted outside the rift. These observations are 
- consistent with decreasing depths of origin of magmas with time 
as would be predicted for magmagenesis associated with an 
upwelling source region. Here, by deducing the physical condi- 
-tions of origin of various magmatic products associated with a 
“thermotectonic event in East Africa, the rate of upwelling is 
calculated and compared with the results of a simple thermal 
model of lithospheric thinning. 
The diversity of eruptive rock types in the Kenya Dome 
_- region of the East African rift, corresponding to depths of origin 
ranging from >170 km to the lower crust (25-30 km), combined 
with an abundance of dated occurrences permits calculation of 
the rate of ascent of the thermal perturbation (Fig, 1). As a 
-first approximation it is assumed that the magmas being con- 
-sidered in the analysis were generated and/or segregated from 
-the lithosphere—asthenosphere boundary. The points in Fig. 1 
-were selected so as to minimize the depth of origin of magmas 
-for a given age. The physical and chemical conditions of origin 
of the more primitive alkalic varieties of magmas and the flood 
volcanism in the East Rift are emphasized inasmuch as it is 
‘believed that the compositions of these rocks can be related to 
the depth from which they erupted. The deepest and oldest 
-point in Fig. 1 is defined by the most recent diamond-bearing 
kimberlite eruption in northern Tanzania, 41 Myr (ref. 14); the 
depth of origin is based on the intersection of the theoretical 
and experimentally derived conditions for kimberlite genesis 
with the diamond-graphite equilibria'*"*, and represents a 
minimum estimate. The next younger point in Fig. 1, 31 Myr, 
ased on the oldest known carbonatite associated with rifting, 
roro in eastern Uganda’’; the range of depths of origin is 
sed on partial melting experiments on carbonated, and car- 
ited and hydrated peridotite'*’*”’. The point ; at ~22 Myr 
sents the initiation of eruption of ~50, 000 km’ of Miocene 
asalts in northwestern and western Kenya’; the depth 
gin : s o from experimental results? The two 
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The magmatic events forming the basis of the analysis com- 
prise >10° km’ of eruptive rock, an amount approaching esti- 
mates of the total volume associated with the Kenya Dome. 
The data in Fig, 1 are represented by points with respect to = 
time; however, it is important to emphasize, at least with regard 
to the flood eruptives, that it is the initiation of magmatic events, 
perhaps comprising many tens of flows and lasting up to several 
million years, which forms the basis for the analysis. While the _ 
general trend of melt composition variation with time is well 
documented*”, the volcanic stratigraphy is complex with inter- 
mingling of eruptives of different compositions, and, thus, of = 
different depths of origin, particularly for younger magmas 
erupted from shallower depths; that is, the progression of deep — 
sourced eruptives to those from shallower depths is not without 
exceptions, perhaps attesting to complex convective processes 
in the asthenosphere (textural and structural evidence of epi- 
sodic deformation and melting that is believed to have origi- 
nated in an diapirically rising mass has been reported for 
ultramafic nodules from Lashaine Volcano, Tanzania)’. If all 
the available ages versus depth of origin for volcanics were 
plotted, however, they would cluster on the concave side of the 
envelope (Fig. 1), without affecting the exponential trend of 
the minimum depth of origin for a given age. A systematic 
decrease in the rate of ascent of asthenosphere is evident (Fig. 
1). Complete thinning of the lithospheric upper mantle by 
asthenospheric upwelling is accomplished over a time interval 
of ~30-40 Myr. 

To understand better the lithospheric attenuation predicted 
by the analysis of eruptives in East Africa, a simple thermal 
model of lithospheric thinning has been developed. The litho- 
sphere—asthenosphere boundary (LAB) is assumed to lie at or 
above the top of the upper thermal boundary layer of mantle 
convection, with its temperature at the mantle solidus. Heat 
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Fig. 1 Asthenosphere ascent rate associated with active type 
rifting in the Kenya Dome portion of the East African rift system 
as estimated by changes in the depth of origin of magmatic prod- 
ucts with time. Data points are discussed in the text. The ranges 
of experimentally determined depths of origin are shown by 
brackets; the selected points are considered to be the best esti- 
mates except for the depth of origin of kimberlite which is a 
minimum estimate, 
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Fig. 2 Asthenosphere ascent, constrained to pass through the 
 phonolite (40 km, 13.5 Myr) data point, calculated from thermal 
-thinning model for 50 km radius lithosphere-asthenosphere boun- 

: dary perturbation and different temperature gradient increases 
across the lithosphere~asthenosphere boundary: a, 70°Ckm ; 

b, 60°C km™'; c, 50°C km™*. Curves for 100 km radius perturba- 

tion are similar for 65, 55 and 45°Ckm™’ gradient increases 
respectively. Data points from Fig. 1 are shown for comparison. 


transfer in the lithosphere is assumed to be by conduction only. 
In stable conditions, heat is conducted through the lithosphere 
> at the same rate that it is input through the boundary layer. If 
~ locally the heat supply is increased (mantle ‘hotspot’), however, 
__ temperatures will increase in the lithosphere, and a perturbation 
in the LAB will ascend to maintain its position on the mantle 
solidus. It is this ascent rate, as a function of the undisturbed 
lithosphere geotherm, the mantle solidus, and the increased 
heat supply, that we seek to determine. 

By simplifying the geometry of the LAB perturbation to be 
spherical over the heat source, the following equation has been 
derived for the relationship between the increased heat supply 
(increased gradient d7"/dr), the temperature increase (T") at 

‘the LAB, and the ascent rate (W) of the LAB perturbation, 
=< -from the solution for the temperature from a stationary con- 
: Stant-strength point-source in a medium moving at constant 
ae velocity”: 





dT'/dr 
c , T! 
: J + Wr/k) exp (~Wr/k) 
mae. r W(r+2z)/k) exp Me) | 
| (r+2z) | | 
[22 (-Wr/k) _exp(>W(r+2z)/ =) a) 
r r+2z 


-> where r is the radius of the LAB perturbation, z is the depth 
- of its shallowest point and k is the thermal diffusivity of the 
~- jithosphere. Although this equation is derived for a constant 
¿velocity ascent, a parameter study has shown that it can be 
used to determine instantaneous velocities at various depths, 
ven if the ascent rate is variable, for radii 240 km and ascent 
Ocities = 1 km Myr" (3.17x10°7'' ms”), for a typical mantle 
iffusivity of 1 mm?s™*. This approximation is satisfactory 

















faster than the thermal conduction rate above the LAB. 

The temperature increase in equation (1) is the temperature 
> required to raise the lithosphere geotherm to the solidus. This 
has een calculated from a shield geotherm, considered to be 


appropriate for East Africa t before rifting, į 


explained by a constant supply of heat from the asthenosph 
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because at velocities >1 km Myr‘ the ascent rate is effectively — 
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of Sclater et al.” , and a mantle solidus derived f from publishe 


experimental data! . This mantle solidus was selected caus 
it is internally consistent over a large pressure range, a 
model for the genesis of alkalic magmas, carbonates 
kimberlites, assuming the presence of small amounts of H0 
and CO, in the mantle. A thermal diffusivity of 1 mm” s” t wa 
assumed, and equation (1) was solved iteratively for ascen 
velocity at 10-km depth intervals from 150 to 30 km, assumin, 
different radii for the LAB perturbation and different tem 
perature gradient increases across the LAB. 

Excellent fits to the experimentally derived LAB ascent rate: 
were obtained for radii of 50 and 100 km and constant gradien 
increases within the range 55-60 °C km™' over the LAB ascen 
depth range, as shown in Fig. 2. These radii can reconcile the 
lateral extent of the eruptives in East Africa”, as the ascen! 
rate is not sensitive to the radius if the latter is >100 km. The 
range of gradient increase is more difficult to evaluate, but is 
not unrealistic, being of the same order in a fixed heat source- 
lithosphere reference frame as that required in a moving refer- 
ence frame to reheat the Pacific plate to a bathymetric age of | 
25 Myr over hotspots, as reported by Detrick and Crough””.. 
The ascent rate is sensitive to changes in dT'/dr; a 1°Ckm™ 
change in gradient approximately results in a 0.55 Myr change 
(~1.5%) in the total ascent time from 150 to 30km. The 
apparent ‘exponential’ decrease in ascent rate with time is- 
predicted even with a constant heat supply (constant dT”/dr). 
This decrease is due to the increasing differential (7’) between 
the geotherm and the solidus as the depth decreases, and the 
increasing rate of heat loss to the surface as the thermal wave. 
in front of the LAB perturbation impinges on the surface. : 

Two direct predictions result from the thermal model. The 
rapid ascent rate of the thermal perturbation indicates little 
thermal disturbance above the LAB. The experimental data. 
indicate that the perturbation reached a depth of 30 km 4.8 My 
ago, hence only a small surface heat flow anomaly is predicted 
outside the areas of Quaternary volcanism and plutonism. This 
prediction is consistent with surface heat flow data across the 
Kenya rift. The thermal perturbation should cause thermal 
expansion in the lithosphere—asthenosphere column as it rises, 
however, resulting in uplift contemporaneous with lithospheric. 
thinning. Using a volume thermal expansion coefficient of. 
3x 107° °C the model predicts a mean decrease in density of 
0.035 g cm™° from 160 to 20 km depth during thinning, which, 
assuming the lithosphere to be supported buoyantly by the 
asthenosphere*’ , results in an uplift of a little over 1.5 km, This’ 
uplift is in good agreement with the uplift determined from 
geological criteria in Kenya’. 

The temporal-spatial-compositional relations of eruptives in 
the Kenya Dome region of the East African rift system sugges 
a shallowing of magma source regions with time, an observatior 
implying encroachment of a thermal anomaly as might 
expected from asthenospheric upwelling. Thermal mode 
indicates that the rate of this upwelling, and the experimenta 
determined decrease in this rate at shallower depths car 





























































































with a magnitude similar to that deduced for other infer 
mantle hotspots. The experimentally determined and theore 
cally modelled lithospheric thinning gives results consistent witl 
observed surface heat flow and uplift across the Kenya rift, a 
supports the concept of a convective upwelling of the astheno 
sphere driving rifting in East Africa. ; 
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carried out at the Lunar and Planetary Institute, operated 


4. Šengör; A. M,C. & Burke, K. Geophys. Res. Lett. $, 419-421 (1978). 
















LS ECIOROPAYSICS 63.96 (972) 
ne ‘Truckle, Pp H. in a renee à and N a Continental Rifis (eds 


wid Planetary fnatinte, ‘Houston, 1981). 
moan, RA. eral Nature 239, 82-86 (1972). 
rooks, © K. & Rucklidge, J; C. Lithos 7, 239-248 (1974). 
is, GOL: Yb. Carnegie Instn Wash. TI, 895-897 (1978). 
Eggler, D: H & Wendiandt, R. F. in Kimberlites, Diatremes, and Diamonds: Their Geology, 
Petrology, and Geochemistry (eds Boyd, F. R. & Meyer, H. O. A.) 330-338 (American 
Jeophysical Union, Washington DC, 1979). 
5. Wendlandt, R. F. & Eggier, D. H. Am. J. Sci. 280, 421-458 (1980). 
7. Wyllie, P. J. F. geophys. Res. 88, 6902-6910 (1980). 
. Kennedy, C: 8. & Kennedy, G. C. J. geophys. Res. $1, 2467-2470 (1976). 
< King, B.C. et.al. £ geal. Sac, 128, 173-205 (1972). 
0. Wyllie, Po J. & Huang, W. L. Nature 287, 297-299 (1975). 
Wyllie, P. J. & Huang, W. L. Geology 3, 621-624 (1975). 
2. Wyllie, P. J. & Huang, W. L. Contr. Miner. Petrol, $4, 79~107 (1976). 
14. Eggler, D: H. Yb, Carnegie Instn. Wash. 74, 468-474 (1975). 
14: Eggler, D. H. Geology 4, 69-72 (1976). 
- 28. Eggler, D. H. Am. J. Sci. 278, 305-343 (1978). 
6. Wendiandt, R. F, & Mysen, B. O. Am. Miner. 68, 37-44 (1980). 
1. Wendlandt, R. F. & Eggler, D. H. Am. J. Sci. 288, 385-420 (1980). 
98. Green, D. H: Phys. Earth planet. Inter. 3, 221-235 (1970). 
“Thompson, R. N. Contr. Miner, Petrol. 48, 317-341 (1974). 
j; Jaques, A. L. & Green, D. H. Contr. Miner. Petrol. 73, 287-310 (1980). 
) King, B. C. & Chapman, G. R. Phil. Trans. R. Soc. A271, 185-208 (1972). 
“32. Kushiro, I J. geophys. Res. 73, 619-634 (1968). 
CAS: Irving, A. J. & Price, R. C. Geochim, cosmochim. Acta 48, 1309-1320 (1981). 
34. Lippard, S. J. Lithas 6, 217-234 (1973). 
35. Pike, J. E. N. eral. J. Geol: 88, 343-352 (1980). 

























Press, London, 1959), 
37. Sclater, J. G, et al. Rev. Geophys. Space Phys. 18, 269-311 (1980). 
38. Wendlandt; R. F. in Pap. Conf. on the Processes of Planetary Rifting, 126-133 (Lunar and 
E Planetary Institute, Houston, 1981). 
a9 Detrick, R. S$. & Crough, S. T. J. geophys. Res. $3, 1236-1244 (1978). 
30. Morgan, P, & Wheiidon, J. J. geophys. Res, (submitted). 
At, Crough, S. T. & Thompson, G. A. J. geophys. Res. 81, 4857-4862 (1976), 









- Oligo-Miocene rift of Sardinia 
and the early history of 
_ the Western Mediterranean Basin 


A. Cherchi 
- Istituto di Geologia, Paleontologia e Geografia Fisica, 
-Università di Cagliari, via Trentino 51, 09100 Cagliari, Italy 
-= L. Montadert 


-Istituto di Geologia, Paleontologia e Geografia Fisica, 
. Università di Cagliari, via Trentino 51, 09100 Cagliari, Italy 





-= The geedynamic evolution of the Western Mediterranean Basin, 
dn spite of many studies, is still uncertain. There is some con- 
sensus for interpreting this basin as a kind of small oceanic 
marginal basin. Its opening has generally been related to a 
‘subduction process which was active during the Oligocene- 
‘Miocene somewhere east of Sardinia—Corsica’’. As the margins 
he basin are deeply buried below Miocene-to-present sedi- 
ments, direct lithological and stratigraphical data which could 
xplain the events responsible for its formation are rare**° or 
issing altogether. To obtain such data, detailed field studies 
ave been undertaken in Sardinia (Fig. 1), and the first results 
presented here. This approach is justified by the fact that 
sat island, Oligocene and Miocene sediments were deposited 
rift (fossa tettonica sarda of Verdabasso"'), which is the 
ernme t arm of the complex rift system that affected the 
ropean plate during Oligocene and Miocene times. One of 
evan Al towards a small oceanic basin—the Western 
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Fig.1 Geological map of Sardinia. 1, Basement with its Mesozoic 

and Eocene cover; 2, Cixerri Formation; 3, Oligocene~Miocene 

rifted basin; 4, Oligocene~Miocene calc-alkaline volcanics; 5, 

continental Pliocene-Quaternary basin; 6, alkaline Pliocene- 
Quaternary volcanics. 


The Sardinian Oligocene~Miocene rift, which crosses all of 


Sardinia’s 220 km on a N-S trend, must be distinguished from 
the Pliocene—Quaternary graben of Campidano; the two are 
often confused. Figures 1, 2a and 3 show that the Campidano 
graben is superimposed on the southwestern part of the 
Oligocene—Miocene graben, but in an oblique NW-SE direc- 
tion. It corresponds to an entirely different event, which affected 
the Central and Western Mediterranean’’. Detailed structural 
and sedimentological observations, supported by a good bio- 
stratigraphy, can therefore be made of the eastern part of the © 
Oligocene—Miocene rift which appears as a typical rift edge. 
The Palaeozoic basement of Sardinia, sometimes including its 
Mesozoic and Eocene cover, is downfaulted by a succession of | 
tilted blocks. The vertical lowering of the pre-rift basement is ~ 
estimated at at least 1,200 m, and probably much more. The 
complicated fault pattern can be explained by the complex _ 
structure and lithology of the basement. While the general trend — 
of the rift is N-S, local faults vary from N-S to NNW-SSE, 
and are interrupted by transverse accidents. Among the suc- 
cession of faults which downfaulted the basement, a master 
fault is generally observed whose throw can be as wide as 500 m 
(Fig. 26). It is clearly evident in the morphology of the Sardinian 
rift, and explains the wall aspect on the eastern edge. Tilted. 
blocks with shorter throw are observed westward and eastward 
of this master fault. The tectonic style is identical to those 
described in various intracontinental rifts and on some rifted 
passive continental margins’. This complex pattern controlled 
the palaeogeography of the basin and the nature and deposition 
of the sediments along the rift. The width between the two 
master faults delineating the main trough is 40-50 km. 


The Sardinian rift has been infilled by Oligocene—Miocene 


continental-to-marine sediments ~1km thick. Volcanics 
occurring from the late Oligocene, 29.94 1.5 Myr to the middle 
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3 2 a “Schetnatic! geol: 
‘ogical. cross-section. from 
Menorca to Sardinia through 
the Western Mediterranean 
yasin. ] Modified from Biju- 
l et al’. The section 
ses western Sardinia near 
stano. b, Geological cross- 
‘on the eastern edge of 
ligocene—Miocene rift 
wing the tilted block of 
li bounded westward by a 
raster fault. Conglomerates, 

“sandstones and limestones 
are Oligocene-Aquitanian 
continental and marine syn- 
rift deposits. The black dotted 
‘line corresponds to the early 
: Burdigalian post-rift marls. 
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one 13-14 Myr (refs 6-14) can be up to 1 km thick. They 
ieved to be the products of the volcanic arc linked with 
the ubduction process which was active east of Sardinia. The 
ediments can be studied in their structural context to determine 
1¢ timing of the formation, the evolution of the Sardinian rift 
nd the age and nature of the prerift, synrift and postrift 
deposits. 
` Before the formation of the Western Mediterranean Basin, 
he Corsica Sardinia block joined the European plate. Litho- 
ogical and biostratigraphical data demonstrate this proximity 
“until the early to middle Oligocene. Indeed the continental 
Yixerri Formation (~300 m thick) outcrops in southwestern 
Sardinia where it is unconformable to various strata: Palaeozoic, 
Mesozoic and mainly Lower-base—Middle Eocene. This uncon- 
ity corresponds to the Eocene Pyrenean compressional 
hase recognized and recorded in Sardinia'®'® with a NW-SE 
iing direction’’. The microfaunal composition and the 
ion of a measured on these clastics™, demonstrate 
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marine limestones with corals, oysters, bryozoans, red algae 
<o and pectinids, indicate progressive invasion of the rift by the 
sea. Thick sandstones are also present. This Ussana Formation, 
uch as 500 m thick, developed along the edge of the rift, 
mplex distribution of deposits controlled by the nature 
opography of the basement. Locally, along the crest of 
tilted blocks, shallow water carbonates made of red algae 
>200 m thick were deposited (Fig. 24). As it approaches 
axis of the rift the upper Ussana Formation rapidly changes 
to open marine marls rich in pelagic microfossils (Ales and 
-< Marmilla Formations)”, while on the flank, shallow-water lime- 
stones are present. The change from the continental, fluviatile 
. or shallow marine environment to the deeper basin is indicated 
by intercalations of sands, conglomerates and breccias, with 
blocks up to several metres, deposited as turbidites and debris 
~ flows. 

= Rifting originated in a continental environment during the 
„` -early Middle Oligocene. But these data, the pelagic microfossils 
present in the oldest open marine marls (which are Chattian— 
~  P22+NP25—in age), and the shallow-water limestones on the 
flanks (dated with Lepidocyclina and Miogypsina gr. ban- 
oe: tamensis) indicate that the sea invaded the rapidly subsiding 
axis of the rift during the late Oligocene. The deposition of the 
-< Ussana Formation continued until the Aquitanian (N4). Quan- 
titative study”® of benthic and planktonic foraminifera has resul- 
_ ted in some estimates of the bathymetry at that time. For the 
Aquitanian deposited at the foot of the master fault, 
palaeodepths of ~1-1.3km have been determined, while 
palaeodepths of 200-300m were found in Aquitanian 
«deposited higher up. Thus the sea bottom at that time was 

characterized by high relief. 

Deposits equivalent to the Ussana, Ales and Marmilla For- 
aw mations have been found around the Western Mediterranean. 
> For example, conglomerates and late marine Oligocene have 
been found in exploration wells in the Camargue trough” and 
in the Gulf of Lions’? and by submarine sampling on the 

continental slope of Provence?™™™. In the Balearic Islands syn- 
~~ rift deposits of early Miocene age have also been described??? 
Since the Aquitanian, Miocene deposits are essentially marine 
maris throughout the basin, with the exception of a sandy and 
carbonate episode in the Upper Serravallian-Lower Tortonian. 
Calc-alkaline volcanics*** are interbedded throughout the 
Oligocene-Miocene deposits, and are dated from 29.9+ 
i 5 Myr to 13-14 Myr (refs 6, 14). They were emplaced either 
- in the air (ignimbrites) or under the sea (pillow-lavas). Associ- 
ted with them, thick and frequent series of tuffites were 
deposited. Major events are shown in Fig. 5. Late Miocene-to- 
present deposits are not considered here. 
Thus there is a good set of evidence to support the thesis 
that rifting i in Sardinia, and elsewhere in the European plate, 
began in the middle Oligocene around 30 Myr ago in a con- 
-.-tinental environment. At the end of the Oligocene, the trough 
= was deep enough to allow invasion by the sea. The precise 
-estimate of the end of rifting in the Aquitanian 23-24 Myr ago, 
. is based on the following evidence: (1) the typical arrangement 
- of Aquitanian sediments in half grabens, demonstrating that 
they are synrift deposits; (2) the vertical offset of several hun- 
< dred metres of shallow marine lower Aquitanian limestones 
along the master fault; (3) the sealing of faulted blocks by 
Aquitanian sediments. Further extension with accretion of new 
< „oceanic crust was confined to the Western Mediterranean basin. 
+ There is no sedimentological evidence in the Miocene marine 
marls of Sardinia to indicate the end of oceanic accretion in 
the Western Mediterranean marginal basin, that is the end of 
station of the Corsica-Sardinia microplate. But an intra- 
Burdigalian compressional phase was recently determined in 
<- Sardinia. The shortening direction trends NE-SW", as in adja- 
_. cent areas of Italy and Tunisia. We interpret this as a change 
in the stress field in the area at that time. The tensional regime 
>in a the Western Mediterranean ceased with the end of spreading 
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Then, fluviatile seapioiiierates with tandy’ 


a Ve and rotation of Corsica-Sardinia, because collision occurred 
-© matrices sometimes including breccias and intercalations of j 


_ deep borehole in Precambrian bedrocks in Sweden and 
high stress levels throughout the rock mass. A compar 
` between the actual recorded stresses and the theoretical str 
field from a 2,000 m-thick land ice may provide a possi 
explanation: for the measured stress situation. 
























east of Sardinia. This timing is in good accordance: (1) with 
the reinterpretation of the K/Ar , a8es and palaeomagnet 
data of the volcanics of Sardinia”, as a 19- ae age aes 


Ligurian sea?” | 
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High rock stresses as 
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Knowledge of the stress field in the Earth’s crust is crucial fo 
the understanding of processes such as faulting and fract 
It is also of fundamental importance for the design and constr 
tion of underground structures. The two most common methe 
used for in situ stress determinations for engineering geolo 4 
purposes are (1) the stress relief method, in which the differ 

ences in strain resulting from induced stress relaxation. ar 
studied, and (2) the hydraulic fracturing method, in which one 
of the presumed principal stresses is replaced by a hydraulic. 
pressure. Of these, the stress relief method is more applicable 
to design and construction problems as it enables the thre: 
dimensional stress tensor to be measured. The in situ ro 
stress measurements reported here were carried out in a 500: 
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A eman’ ’s (hrcesdunenslonal theories and has been used | in 
We den during the past 5 years where recordings have been 
cen at different locations in virgin parts of the Swedish 
bedrock. 
` Measurements have been made in several boreholes drilled 
from the ground surface, with readings taken at certain intervals 
¿down the hole. In the Forsmark area in southern, central 
Sweden, 30 successful measurements, concentrated to 11 levels, 
were taken during drilling of a 503 m-deep borehole (borehole 
-DBT1). Another five boreholes have been studied in this area, 
but with fewer measurements and at shallower depths. 
= The magnitudes of the principal stresses at each of the 11 
-levels are shown in Fig. 1 as well as the stress level, defined as 
‘the mean value of the principal stresses. Figure 2 indicates the 
distribution of the orientation of the principal stresses. As may 
be seen, the stresses are generally high, compared with the 
weight of the overburden given by the straight line in Fig. 1. 
fhe maximum principal stress is ~70 MPa and acts in a plane 
ear the horizontal. The dominating direction of the maximum 


i ‘Orientation of the individual 
principal ‘stresses and mean values 
for the boreholes DBT1 and DBT3. 
The orientations are given as equal- 
area plots of the intersection of the 
principal axes with the lower hemi- 
yhere. The clockwise shift indicated. 
the arrow in the lower figure 
denotes a shift in direction at the 
ssage of the fracture zone at 
‘illed and open. symbols in 
represent recordings taken 
nd below the 320-m depth, 
‘respectively, . 















Fig. 1 1 Principal stresses: (1, gand 5 ne 
a) versus depth obtained in bore- .— 
hole DBT1. g, and a, are both 
nearly horizontal and a3 is nearly ` 
vertical, The stress level (1), 
defined as the mean value of the 
principal stresses, is also shown. The 
300 straight lines represent the lithostatic = = 
stresses given by the weight of the = 
overburden. ee: 
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principal stress (o) is roughly WNW-ESE in the uppermost © 
300 m, below which level it shifts to a more NW-SE direction. . 
This is indicated by the clockwise arrow in Fig. 2. The dip is — 
approximately horizontal. The smailest of the principal stresses 
(o3) is approximately vertical, acting in a direction that dips 
steeply to the south. Note that there is a marked increase in 
the magnitude of stresses below 300 m, which coincides. with- 
the observed shift in direction. Be 

The geology of Sweden is characterized by a basement of L 
crystalline rocks of Svecocarelian age (1,500 Myr), which is 
covered by a thin layer of Quaternary deposits, mainly till. — 
Sweden is located on the western edge of the Eurasian Precam-. 
brian shield, bounded to the west by the Caledonian Mountain - 
Range, which forms the border between Norway and Sweden. ~ 
In large areas, such as Forsmark, the crystalline basement has 
been eroded down to a peneplain of Precambrian age. 

The bedrock at Forsmark is composed chiefly of gneiss 
granites, mica gneiss and mica schists. The rock stress measure- 
ments were performed in the gneiss granitic part of the area. 

As shown in Fig. 1, the principal stresses found are of a 
higher magnitude than would be expected if the stress field — 
were governed by the weight of the overburden alone. This is - 
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‘Hypothetical influence of 

tion. The stress level: a, during 

ation; b, after deglaciation. 

ses 1 and 2 denote the gravi- 

è nal stresses due to bedrock and 
ice respectively. 


he c case for all principal stresses including the nearly vertical 


me (a3). For the vertical component, the correspondence 


BSS between the measured stress and the lithostatic is fairly good 


jn the uppermost 300 m, but below this depth, the vertical 
<: component is much higher than the theoretically expected 
: value. It is therefore not possible to explain the high stresses 
which actually exist as gravitional stresses; they must be of 
<> $ome. other origin. 
-A high stress level in the bedrock may be due to many factors. 
An explanation frequently proposed is that denudation of the 


. rock surface has occurred and this has decreased the weight of 


he overburden significantly. The lateral stress field created by 
the earlier formation should then remain, as long as the strength 
of the rock is not exceeded (allowing for an elastic adjustment 


_ of lateral stresses due to vertical stress decrease). 


- -Voight and others have chosen this theory to explain 
a -anomalous stress situations. This theory may be applicable to 
many areas, but not to Forsmark. Here the major denudation 


<: “occurred in the Precambrian and it is not reasonable to believe 
that the present stress situation should have its origin back in- 


this age. 
Jamison and Cook” have analysed many rock stress measure- 
nts, and concluded that stresses may be influenced by the 


~ Fig.4 The ratio eet ‘measured 
(F) and theoretical (ay) stress level 
“plotted against depth..a, The ratio 
-between the recorded values and the 
theoretical as it is today. b, The ratio 
between the recorded values and a 
-theoretical value given by the weight 
a 2,000 m-thick ice and the weight 
N of the rock mass. 
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Stress 


frictional resistance to sliding between individual blocks. Thi 
explanation is suitable for the stress situation obtained, bu! 
does not provide any information on the origin of the stresse: 
in the Forsmark area, sited as it is on the Precambrian peneplain : 
on a stable shield of old, crystalline rocks. Other explanations 
must be sought for the measured magnitude of the stress field. 
at Forsmark. Comparing the results observed with theoretical 
stresses that could be expected to prevail during a glaciation, 
it is possible to give a theory for the state of stress in the 
Forsmark area. Deglaciation is a very rapid process (in the. 
geological time scale) which may be compared with a very rapic 
denudation, and thus accords with the Voight hypothesis. 

At the glaciation maximum the surface of the underly 
bedrock is exposed to a ver‘ ical stress determined by the weigh 
of the ice cap. By adopting, Voight’s theories, it is seen that the 
ice also creates lateral horizontal stresses initially of the magn 
tude of one-quarter of the vertical stress. This is based on 
Poisson’s ratio of 0.2 for the rock mass at Forsmark (33 determ 
nations in the range 0.17-0.23). The lateral stress will incre 
in time due to creep to a value higher than a quarter ol 
lower than, the vertical stress. During deglaciation, the ve 
stress falls elastically own to zero, while the horizo 
stress only falls by one-quarter. Thus it is possible to assur 


Meosurad ratio * Simulated rotic. 
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: this eory, the Présent results ót stress measurements 
yave been compared with theoretical effects of an assumed ice 
cap, 2,000. m thick. The result of the comparison is shown in 
g. 4, where Fig. 4a plots the ratio between the actual 
measured stress level (mean stress) and the theoretical litho- 
static stress field (o; :oy ratio) against depth. This curve indicates 
that the discrepancy between the measured stress level and the 
heoretical level decreases with increasing depth. Simulating 
“the pressure from a 2,000 m-thick ice cap gives a stress level 
of 20 MPa at the bedrock surface, in lithostatical conditions. 





ks 









“stress level in the rock due to the weight of the overlying rock 
“mass to give a new value for oy, it is possible to recalculate 
the o: ay ratio, which includes the effects of a glaciation. 
-Figure 45 shows that the theoretical, lithostatic stress level 
-equals the measured one. Hence the present stress level, as 
-measured at Forsmark, may be an effect of Quaternary glaci- 
ations, where the deglaciation resembles a rapid denudation. 
-< However, the glaciation cannot be the sole cause of the high 
_stresses recorded below a fracture zone at 320 m indicated in 
Fig. 4. Below this level readings of about 70 MPa for the 
_ maximum principal stress were taken. These high stresses could 
be explained as being stresses of palaeotectonic origin. 

< -The effect of a glaciation on the stress field is discussed more 
completely in ref. 4. 
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Anisotopic fractionation step between carbon fixed in the leaves 
and that assimilated into wood cellulose has not previously 
been included in atmosphere—plant fractionation models. Data 
presented here, however, show that the magnitude of such a 
fractionation step may be significant. In an experiment which 
involved 10 juniper trees from around Arizona, cellulose of 
leaves was found to be isotopically lighter than that of the 
‘corresponding tree rings in all trees by an average of 2%. In a 
‘second experiment, the 5*°C of leaf material from a juniper 
tree sampled at monthly intervals was compared with the 6*°C 
f the corresponding ring. For cellulose, 65°C of the wood 
aried with changes in 5°°C of the leaves and was persistently 
topically heavier by 3-4%.. Furthermore, the observed 
e in SYC through the growing season suggests a tem- 
‘coefficient of about —0.27% °C". The direction of 
f-wood fractionation precludes diffusion processes as 













1 rees 1s initially f fixed from jaar ais abon ‘dioxide by 
i e moe cps! o the leaves, This gies Serves as s the basis for 


Using the sum of this ice-induced stress and a lithostatic 
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Fig. 1 a, Whole-tissue 8'°C analyses; b, cellulose 8'°C analyses 

of J. monosperma ring subdivisions and leaves from the 1981 

growing season. Positions of leaf analyses in time have been scaled 
to their proportion of the total seasonal growth (Table 1). 


enzyme fixation step. However, models which attempt to 
account for the atmosphere~-plant fractionation either do not 
consider isotopic fractionation after glucose formation*’, or 
consider any fractionation during the formation of other com- 
pounds (including cellulose in tree rings) from photosynthesized 
sugars to be relatively slight or negligible**?° 

Evidence, however, suggests isotopic selection during forma- 
tion of individual organic compounds within plants. For 
example, a range of several per mil 5 °C among different organic 
constituents is well documented’*. Analysis of whole tissue. 
indicates that leaves are lighter than wood by 1-2%°'"', which ~~ 
implies isotopic differences between tissues also. Unfortunately, 
this evidence of leaf-wood 6'°C fractionation is inconclusive 
because of the possibility that such whole-tissue differences _ 
may simply reflect varied proportions of organic compounds, ` 
each of which has a different isotopic composition. Therefore, _ 
analyses of individual compounds such as cellulose are : 
necessary to test more conclusively for this fractionation. So ~ 
far, such information is scarce. One study (A. L. and J. C. 
Lerman, unpublished data) examined 6 °C of cellulose from — 
leaves and wood of several bristlecone pine individuals and > 
found in most cases that the leaf cellulose was isotopically 
lighter. Unfortunately, although the leaves were compared with ~ 
wood of the same sites and of the same age, the leaves and 
wood were not from the same individual trees. $ 

We eonducted two experiments which provide insight into 
the nature of fractionation between leaves and wood. At the 
end of the 1979 growing season we sampled juniper trees in 
Arizona growing at elevations ranging from 1,200 to 2,300 m; 
Leaf samples were tepne from the four cardinal directions and ] 























Species (m) 

Juniperus monosperma 1,195 

J. monosperma 1,845 

J. deppeana 1,450 

J. deppeana 1,705 

J. monosperma 1,790 

J. deppeana 1,370 

J. osteosperma 1,605 

J. monosperma 1,735 

‘Springerville J. monosperma 2,315 
~ Williams J. osteosperma 2,055 


¥=+2.0; s =0.7. 


a section of wood was taken from the base of the tree. Because 
- junipers retain ~10 yr of leaves at any time’, the rings rep- 
resenting 1970-79, taken about their full circumference, were 
collected for comparison. Cellulose from the leaf and wood 
samples was isolated using an acidified sodium chlorite solution 
~ ina procedure modified after Green’*. After combustion of the 
ce samples to CO,, carbon isotopic analyses were performed with 
a Micromass 602C mass spectrometer. The results reported in 
-Table 1 are expressed in the standard ô notation with respect 
to the PDB standard”, with the reproducibility of combustion 
and analysis estimated to be 0.1%. The 8°C of cellulose in 
leaves in all cases was lower than the corresponding wood by 

an average of 2.0+ 0.7%. 

In the second experiment, we harvested leaf material at 
approximately monthly intervals over the 1981 growing season 
from a juniper tree (Juniperus monosperma) in the grounds of 

¿the University of Arizona. Marking of leaf tips along one major 
branch at the beginning of the intervals ensured that only the 
~ growth for that particular interval would be harvested. Further- 
: < more, marking a large number of tips allowed some to be 
__ harvested while others could be remarked for harvesting later. 
__. Additional leaf tips, not previously marked, were also marked 
_ at the beginning of new intervals. These precautions minimized 
_. the effects that the cutting may have had on growth and provided 

a large pool of leaf tips for cutting at the end of each interval. 

Table 2 summarizes the harvesting schedule and average 
amount of growth for only those tips which were harvested. 
The average growth values for the 6 August -7 September and 

the 7 September-4 October periods are higher than the actual 
-<- growth of all tips during those two intervals because ~20% 

-and 50%, respectively, of the tips marked at the beginning of 
_ each of these intervals did not grow at all and were not included 
in the averages. Finally, on 4 October, several tree-ring cores 
were taken from the trunk and branch. The 1981 ring from 
one core was divided into six approximately equal sections and 
cellulose was isolated from splits of these ring subdivisions and 
from the leaf samples. 

Results of carbon isotopic analysis of the whole-tissue and 
3 ‘the cellulose component of these samples are shown in Fig. 1. 
=. Strictly speaking, direct comparison of the wood and leaves is 
- difficult because the time period represented by each of the 
_. wood subdivisions is unknown. However, as a first approxima- 
tion we have plotted the wood analysis as equal lengths in time 

-and then scaled the position of each leaf analysis to its propor- 
¿tion of the overall seasonal leaf growth. The major result is 
->that leaves are persistently lighter than wood for both whole- 

¿tissue and cellulose by ~2.5 and 3.5%, respectively, although 
eaf whole-tissue and cellulose values are quite similar. A pat- 

of decreasing ô "°C is evident in the spring and early summer 
owed by increasing values for the remainder of the sampling 
ods. The magnitude of the 6'°C decrease cannot be 
ned by the seasonal variation of 6'°C of atmospheric CO, 
ch only changes ~0.4% in this region’®. Moisture may be 
€ siderei non-limiting because this tree is well irrigated, 

owever „allowing us to calculate a significant temperature. 

e $ =0.27% 8PC °C (r?=0.86). This coefficient 
gression of the April to ee mean monthly | 
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No. of leaves 


Harvest date sampled (mm) K: 
6 May 1981 28 5.1 LRE 
7 June 1981 34 5.6 pw 
9 July 1981 43 6.1 Bee BS ee 
6 August 1981 . 37 5.1 PESA Qe 
7 September 1981 43 2.1 SRE 
4 October 1981 35 2.0 Lids: 





temperatures for 1981 (9.7, 13.6, 18.9, 22.7, 20.2 and 20.4 °C, 
respectively) with their associated leaf cellulose 8°C results” 
(~24.1, -25.0, -26.7, ~26.6, ~26.2 and ~25.4%, respectively). ; 
This coefficient is opposite in sign to that calculated in an- 
intra-annual study of Pinus radiata tree rings from New 
Zealand’®. However, it is similar in sign and magnitude to 
temperature coefficients from several in vitro studies with the 
carbon-fixing enzyme RuBP-C'”""*. 
If we infer similar leaf-wood isotopic differences for other 
species and locations, these results indicate that detailed models 
for atmosphere-to-plant carbon isotopic fractionation will nee 
to include an additional fractionation step of +2% or more 
between the leaves and wood. This fractionation probably can- 
not be explained by diffusive processes because of the large Q 
molecular weight of glucose and because diffusion away from 
the leaves would tend to enrich them in ‘°C, just the opposite 
of these results. If some type of °C preference operates during © 
assimilation, similar to the preference for "°C in carbon fixation, - 
then this may be manifested in a 6'°C change in cellulose away 
from the photosynthate source. We had hoped to test. this 
explanation of an isotopic gradient from leaves to wood with 
the other cores, but unfortunately they did not display acl 
ring pattern with which to distinguish the 1981 growth in 
boundaries. One previous study’® of longitudinal variation 
87C in Quercus rubra found a fairly constant 6°C in a 
when measured over the relatively short distance of 40cm 


Received 5 March; accepted 17 May 1982. 







l Damon, P. E., Lerman, J, C. & Long, A. A. Rev. Earth planet. Sci. 6, 457-494 (1978). 
2. Stuiver, M. Science 199, 253-258 (1978). 
3. Troughton, J. H. in Proc. 8th int. Conf. Radiocarbon Dating, E39-E57 Roya Society of 
New Zealand, Wellington, 1972). 
4. Grinsted, M. J. thesis, Univ. Waikato (1977}. 
5. Park, R. & Epstein, S. Geochim. cosmochim. Acta 21, 110-126 (1960). i 
6. Francey, R. J. ip Carhon Dioxide and Climate: Australian Research (ed. Pearman, G. HD 
935-104 (Australian Academy of Science, Canberra, 1980). l 
7, Park, R. & Epstein, S. PI, Physiol. 36, 133-138 (1961), er: 
8. Degens, E. T., Guillard, R. R. L., Sackett, W. M. & Helleburst, J. A. Deep-Sea F Res. q 
1-9 (1968). 
9. Craig, H. Geochim, cosmochim. Acta 3, 53-92 (1953). 
10.-Lerman, J. ©. in Proc. 8th int, Conf. Radiocarbon Dating, H16~H28 (Royal Socie 
. New Zealand, Wellington, 1972). 
11. Stout, J. D. & Rafter, T. A. DSIR Bull. 220, 75-83 (1978). 
12. Arnold, LD. thesis, Univ. Arizona (1979). si 
13. Green, J. W. in Methods of Carbohydrate Chemistry Hil (ed. Whistler, R 
(Academie, New York, 1963). * 



























ag MJ. Nature 268, 133-135 (1977), a 
ing, y w. VA. & Towa, H. PL. Phas, 82, 580-552 196) 














































a of a 
oceanic algal populations and diversity 
F. T. Gillan* & R. B. Johns 


Department of Organic Chemistry, University of Melbourne, 
Parkville, Victoria 3052, Australia 





; Marine sediments contain a great diversity of organic molecules 
which have originated in situ and from planktonic organisms. 
-The establishment of a direct relationship between possible 
‘chemical markers’ and source organisms would enable studies 
- of biomass-turnover time to be undertaken, using dated sedi- 
“ment cores as temporal records. Studies of the influence of 
-long-term environmental variations on the abundance of plank- 
~ tonic flora and fauna are potentially amenable to this approach. 
< Chemical compounds biosynthesized by organisms in the water 
column are, however, subjected to microbial attack, oxidation 
and other. degradative processes before, and indeed after, 
- sedimentary incorporation’. We show here that changes in the 
sedimentary abundances and distribution of selected chemical 
moieties produced by oxidative degradation of fatty acids of 
planktonic origin, can provide evidence for a change in algal 
abundance and distribution in the overlying oceanic waters. 

As part of a continuing study* of the geochemistry of Patton 
“escarpment sediments (32°34'4N, 120°28'.0W; depth: 
=. 3,800 m), a sediment core has been analysed in detail. Four 
<: samples (1), 0-5 cm; (2), 12.5-17.5 cm; (3), 27.5~32.5 cm; (4), 
42.5-47.5 cm) from the core were solvent-extracted and the 
residues from the extraction were saponified. Selected lipid 
--¢lasses from the bound acidic fraction were examined (after 
derivatization as the methyl esters, trimethylsilyl ethers) by 
-capillary GC on a SCOT SE30 column, and by GC/MS (HP 
--5995A GC/MS with fused silica SE30 WCOT capillary 
< column). a,w-Dicarboxylic acids (‘diacids’) were readily 
: jdentifiable by their characteristic mass spectra’. A group of 
< compounds with a strong m/z 175 in their mass spectra, which 
did not co-elute with 8- hydroxy acids was also observed. These 
` compounds were not observed unless the methyl esters were 
© trimethylsilylated. The mass spectrum of the major component 
was m/z (1):73(100); 75(62); 89(77); 133(54); 159(31), 
175(45); 261(96) and 292(58). The ions: m/z 73, 75, 89, 133, 
159 and 175 are indicative of a B- trimethylsilyl ether-methyl 
ester, while the intense M-31 fragmentation suggests an a,w- 
‘dimethoxyl function in the molecule. The m/z 75: m/z 73 ratio 
s higher than we have observed with typical -hydroxy acid 
jerivatives and probably indicates some contribution to m/z 
from the characteristic m/z 75 fragmentation of a dimethyl 
. The most probable structure for this compound is the 
methyl acetal, trimethylsilyl ether, methyl ester derivative of 
droxy-w- oxo-heptanoic acid: such compounds have not 
been reported in sediments. No authentic sample of 
ia of this type was available for mass spectral com- 


E ek greater than that of any other Tae fraction we 
wave determined (for example, solvent-extractable monocar- 
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Diacid Abundance (p.m. wet wt)” 
(1) (2) (3) (4) 
7:0* 0.73 1.86 3.3 2.4 
8:0 1.40 1.28 2.5 1.60 
9:0 10.9 11.4 13.5 10.9 
10:0 0.45 0.42 0.75 0.65 
11:0 0.42 0.55 1.19 0.94 
12:0 0.043 0.058 0.128 0.099 
13:0 0.015 0.041 0.066 0.032 
14:0 0.014 0.027 0.052 O17 
15:0 0.033 0.035 0.059 020. 
16:0 0.025 0.031 0.049 017 
16:1 0.016 0.010 0.007 004 
17:0 0.014 0.023 0.037 0.018 
18:0 0.016 0.023 0,050 0.027 
18:1 0.017 0.002 0.001 0.001 
19:0 0.023 0.022 0.052 0.029 
20:0 0.025 0.021 0.064 0.031 
21:0 0.019 0.017 0.050 0.026 
22:0 0.013 0.016 0.035 0.022 
23:0 0.017 0.016 0.034 0.024 
24:0 0.014 0.018 0.038 0.027 
25:0 0.012 0.013 0.029 0,025 
26:0 0.005 0.013 0.024 0.022 
27:0 0.001 0.011 0,014 0.016 
£ 14.2 15.9 22.1 16.9 





* Diacids are denoted by M : N, where M is the number of carbon 
atoms and N the number of double bonds. 
+ All sediments 68 +2% moisture. 


boxylic acids : 6.5 p.p.m., hydrocarbons (aliphatic): 1.3 p.p.m.)’. 
The main component in each sample is the C, diacid (9:0), 
which constitutes ~70% of the total observed diacids; 7:0, 
8:0, 10:0 and 11:0 diacids are also major components. The 
longer chain-length (>C,,) diacids constitute only a small per- 
centage of the total diacid abundance (~3%). In contrast, in 
an anaerobic deep-sea sediment from the Santa Catalina Basin, 
bound 9:0 diacid is a minor constituent (<2% of the diacids) 
(our unpublished results). This indicates that the short-chain 
diacids probably originate by oxidation of lipids input to the 
oxic sediment. The high abundance of the Co diacid precludes 
a major contribution from, for example, higher plant sources. 

The production of similar diacid distributions to those observed 
here, in oxidations of algal kerogens’, supports the probable 
origin of the short-chain diacids by oxidative degradation of 
suitable organic substrates present in the lipid mixture deposited 
in these sediments. A9 monoenoic, monocarboxylic acids are | 
major components of the lipids of marine sediments, 16:149 
being the most abundant monoenoic acid in many sediments 
we have studied“. Oxidation of this acid could lead to a variety 
of products (see Table 2). Direct cleavage at the double bond | 
would produce only the C, diacid, while hydration followed by - 
oxidative cleavage either side of the hydroxyl would lead to a 
mixture of Cs, Cy and C,, diacids. w -Oxidation (to Di-16: 147) 





Table 2 Expected diacid products from oxic diagenesis of palmitoleic 
acid (16:1 A9) . 


Process Diacid products* 
6:0 7:0 8:0 9:0 10:0 
Direct cleavage Q 0 0 t 0 
Hydration then cleavage* Q 0 1 Zz 1 
w-Oxidation then cleavage 0 1 0 1 0 
w-Oxidation, hydration then 1 i 2 1 1 
cleavage 





* These product ratios assume that hydration will produce equal 
amounts of the 9-OH and 10-OH products and cleavage of a hydroxy- 
acid will occur equally on either side of the hydroxyl-carbon atom (for 
example, for 9-OH 16:0 FA, Co/Ci9 and Cg/C, cleavages are ane 7 
probable). 
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fore oxidative cleavage is also possible. The observed diacid 


_ process, and the much higher abundance of Cs diacid relative 
-to the Ci) diacid supports some contribution. from the w- 
` oxidation, hydroxylation and then cleavage pathway (the alter- 
- nate pathway:hydration then cleavage would result in a ~1:1 












esult from oxidation of All monoenoic acids. These acids are 
he second most abundant group of monoenoic acids in marine 
ediments’. Oxidation of the All acids would result in the 
roduction of-a small quantity of Di-12:0. This proposed 
 interrelationship of C,, and C,, diacids is supported by the high 
correlation of these data (R° = 0.9996). Whilst w~-oxidation is 
-a known microbial process, microbial degradation of fatty acids 
generally proceeds through a series of both 8 -oxidations and 
w- oxidations’. Reactions such as this would not lead to the 
. Observed diacid distribution. No evidence for a microbially- 
mediated direct cleavage or hydration/cleavage process has 
‘been reported: the major degradative pathway is probably 
| abiological. The observed diacid distribution is thus consistent 
. with an input to the sediment of A9 (probably 16:149 and 
": 18:149) and A11 (probably 18:1411) monocarboxylic acids, 
: and subsequent oxidation. 
As indicated above, the monoenoic acid distributions of 
: intertidal marine sediments are dominated by 16:149, 18:149 
and 18:1A11 (ref. 6). These acids are believed to originate 
` from in situ algae. In the Patton escarpment sediment there is 
“no chemical evidence for the presence of in situ algae (algal 
carotenoids are not detectable’), however, particulates derived 
-from planktonic algae are expected to contribute to the lipids 
< Of the sediments. The presence of typical algal sterols in these 
< sediments’, in particular, supports the proposed contribution 
| fo the sedimenta y organic matter from algal debris. 
"The long-chain diacids detected in these sediments exhibit 
fairly smooth distribution envelopes with Carbon Preference 
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Mes B (3) (4) 
se 4 9 6 
7:0 60 59 114 110 
:0 12 9 18 i1 
:0 19 23 54 38 
:0 10 10 3 17 
:0 5 8 27 14 
2:0 4 8 29- 16 
:0 3 4 10 5 
:0 2 2 6 4 
30 1 2 4 3 
6:0 1 2 6 3 
TY.: 3 3 18 5 
0) 4 5 21 10 
9:0 > 3 6 31 15 
0:0 - 2 3 18 8 
pO 1 1 7 4 
2:0 s 1 4 sa 
o NS 1 ana 
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distribution indicates that direct cleavage is the predominant 


| Cero ratio). The other major diacid, Di-11:0, will probably 


ices D near anity. If these acids were derived from a 


ble 3 8 -Hydroxy -0X0 acids i in the Patton escarpment sediments — 
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higher plant input the CPI would be expected to be E 
(ref. 8). Rather, these acids are probably diagenetic proc 
possibly produced by microbial di-terminal oxidation of alkane 
or w-oxidation of long-chain fatty acids, and subsequent a- 
and B- oxidations. The traces of monounsaturated diacids detec- 
ted could originate by w-oxidation of the corresponding 
monocarboxylic acid, or may indicate a contribution to the 
sedimentary lipids from higher plant suberins’. 

The abundances of the B- hydroxy w-oxo acids are listed i in 
Table 3. By analogy with the mode of formation of the major 
diacids (Table 2), one can envisage a series of double bond 
cleavages, terminal oxidations and hydrations that would lead 
to such acids from a dienoic acid starting material (see Fig, 1). 
Note that these polyfunctional acids would be intermediates in 
the overall degradative pathway: it is expected that they would . 
not be very abundant, as observed. The major acid of this class, — 
C,, could originate from 16:2 A9, 12 monocarboxylic acid, - 
whilst the second most abundant component, Co, would be- 
derived from dienoic acids such as 18:2 A9,12 or 16:2 A7; 10) © 
The major monoenoic and dienoic acids present in planktonic os 
algae are algal class dependent. A change in the abundances: 
of the different algal classes contributing to a sediment would 
result in a concomitant change in the input of unsaturated fatty 
acids, and thus in the abundances in the sediments. of their 
diagenetic products. a 

Diatoms biosynthesize large amounts of 16:1 A9 and 16: 2 
A9, 12 compared with most other algae’, and would thus be © 
expected to be major contributors to the abundances of the Cy 
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: “Fig: 2. Diacid ratios (Cua/ Co) and abundances of C; B- ~ 
_ w-oxo.acid and 24-methyicholesta-5,22-dien-38-ol (all d 

= malized to: AA 00 for aoe (4). +++, Diacid; ~--, hcg 

4 —, sterol. 








compound: pte Cp precursors are en in these 
The A11:49 monoenoic acid ratios for the few algae of 
nis class that have been analysed in detail also differ from 
10se of diatoms. Similarly, certain green algae have been 
bserved'' to biosynthesize some 18:1 A11. Changes in the 
hain-length distributions of the diagenetically-derived acids 
ould thus be indicative of changes in the algal populations 
contributing to the sedimentary lipids. 24- Methylcholesta- -5,22- 
dien-3B-ol is a common major sterol in coccolithoptores"” 
although it also is found in diatoms'*. A change in the diatom 
and/or coccolithophore abundance or distribution should result 
1 a change in the abundance of this sterol. 

The dicarboxylic acids (Table 1) exhibit a marked change in 
the C,,:C, ratio between samples (2) and (3) (ratios: 
(1):(2):(3):(4) : 0.039 : 0.048 : 0.088: 0.086) due mainly to a 
irge increase in the C,, diacid abundance. The abundance of 
_ B-hydroxy w-oxo 7:0 similarly changes abruptly between 
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acid: sterol R? = 0.991) supports the proposed algal origin for- 
the acids and indicates a probable change in the algal abundance _ 
and/or distribution between deposition of samples (3) and (2)... 
The sedimentation rate for these sediments has not been deter- 


mined, though a rate in the range 0.5-2.0 cm kyr™ 
expected for this near-shore environment’? 
speculate that it may be of the order of 1.5 cm kyr 


' could be 


. It is tempting to | 
1; samples 


(3) and (4) would then have been deposited during the last ice | 
age, at a time when the algal abundance and distribution would . 
surely have differed from that at present. as 
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Age of the Lufeng, 
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Recently discovered hominoids from a locality near Lufeng, 
‘China, are crucial to the understanding of the biogeographical 
distribution and the pattern of evolution of all later Miocene 
~hominoids. However, the significance of these finds is difficult 
to assess fully without knowing their age accurately. The Lufeng 
-fauna is diverse and includes several species of the rodent family 
-Rhizomyidae. Rhizomyid evolution is well documented in the 
Siwalik deposits of Pakistan and provides the most precise 
method available at present for dating the Lufeng fauna. Based 
co-occurrence of Brachyrhizomys nagrii, Brachyrhizomys 
racharax and ct. Brachyrhizomys pilgrimi, we conclude that 
ominoids inhabited southern China and Pakistan at about the 
ie time, 8 Myr ago. 

è success of expeditions in Pakistan’ and Europe’ in 
ring late Miocene hominoids has stimulated fossil hunting 
‘ial deposits throughout southern Asia. Chinese scien- 
ve recovered remarkably complete fossils from a site 
feng, Yunnan. Diverse rodents are frequently associated 
hominoid remains and contribute to chronological correla- 
tion because evolution in some lineages was relatively rapid 
and s well documented. Fossil rhizomyids (bamboo rats of Asia 
nd: mole. rats of Africa) are especially well represented in 
Pakistan’ ‘and occur at Lufeng. 

£ ‘Lufeng fossil locality is near Shihuiba, a smali village 
o north- of eas ai ee Es ae Within | a 

















diverse and includes abundant hominoid primates, numerous 
ungulates, and several carnivores and large rodents’. 


Unlike 


Siwalik faunas which span >10 Myr (Miocene—Pleistocene), the 
Lufeng fauna probably accumulated over a geologically short + 
period of time. The Lufeng fauna resembles late Miocene faunal ~ 
assemblages almost 3,300 km to the west in Pakistan, but differs 


from more northerly Chinese faunas” 
sites apparently occupied the same general biogeographical 


. Lufeng and the Pakistan 


province distinct from that of northern China in the late 
Miocene. 


The Siwalik deposits of Pakistan are thousands of metres- 


thick and vertebrates are widely distributed throughout the 


sequence. Palaeontological expeditions have recovered large 


collections of vertebrates, with documented stratigraphical.. 


provenance. Temporal calibration of Siwalik fossil horizons is 
based on palaeomagnetic reversal sequences and on several. 
radiometric dates. Strata in the temporal interval from ~9 to 
6.5 Myr are particularly well documented because the magnetic 
sequence includes many distinctive reversals, sedimentation was 


relatively continuous at this time, and magnetic properties of 


Fig. 1 Rhizomyid dentitions from Lufeng. a, Brachyrhizomys 


the sediment preserved the polarity sequence without. 
ambiguity. Many palaeomagnetic sections through the 8-Myr 





nagril; b and c, B. tetracharax. 
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Fig 2 Temporal ranges in Pakistan of three species of Brachy- 
rhizomys. 


hominoid level* offer exceptionally precise temporal control on 
Siwalik fossils in this interval. 
Temporal ranges of rhizomyid species of the Siwaliks are 
well documented and evolutionary patterns of the family are 
clear’. The primitive genus Kanisamys appeared by 13 Myr 
< and represents a long lineage of small rhizomyids that is not 
-~ presently known from Lufeng. By 9.5 Myr Brachyrhizomys 
_evolved, radiating after 8.5 Myr with as many as four large, 
~ burrowing contemporaneous species. After 7 Myr both genera 
_ became extinct locally, while three new genera appeared. By 
_ the Pleistocene, Rhizomyidae disappeared from Pakistan, but 
they persist in south-east Asia and in Africa. Today Asian 
_ rhizomyids occur throughout southern China, south to Sumatra. 
“Most species have wide geographical ranges, for example 

Rhizomys pruinosus (south-east China, west to Assam), which 
«certainly spans >3,000 km of territory. 

©: The presence of at least three advanced species of Brachy- 
_thizomys in the Lufeng fauna demonstrates that Lufeng verte- 
brates cannot be older than 8.5 Myr on the basis of Siwalik 
_thizomyid phylogeny. Lufeng Brachyrhizomys represent 
species that occur in the Siwaliks and are described below from 
a sts of four specimens, each with three molars. The original 
_ material, collected by one of us (Q.G.) is in Beijing. 
‘The smallest specimen (Fig. 1a) is a dentary referable to B. 
: 1agrii. Size (Mis length = 11.75 mm) agrees well with Siwalik 
“specimens and M, is short (width = 90% of length), a derived 
character known only in B. nagrii. Furthermore, M, bears an 
-elongated mesolophid, a primitive trait retained in this species. 
_. Lower and upper dentitions (Fig. 1b, c) are referable to B. 
-tetracharax. Although M: i is moderately worn, the hypoconid 
“hasa weak anterior arm. Suppression of this connection is a 
` derived trait of B. tetracharax and later rhizomyids. In addition, 
Ms is elongated (width = 70% of length) and M, bears a rather 
-long mesolophid, which are primitive characters retained in this 
Species. Tooth row length is comparable to Siwalik B. 
- tetracharax for both lower (Mi; = 14.88) and upper (Mi? = 
56). dentitions. The upper row in Rhizomyidae is usuáliy 
than the lower. Aside from this, identification of this 
dentition is preliminary. 
urth specimen is bigger than the others (M,_; = 15.6) but 
than the holotype of B. pilgrimi, the largest known 


































named* Brachyrhizomys ot. B. piigtinii. 


elucidate the palaeoecological setting in which hominoids 


autumn (November 1978) and 196 Spring (March 1979) si 
S of Brachyrhizomys. Although the cast does not reveal — 
iagnostic details of occlusal surfaces, this individual is closest _ 
f population from Pakistan that has been provisionally < Monthly mean temperatures for December—February a 


4.8°C -below normal, and snow cover lasted for 55 day 


ee the Lufeng homindid fauna at ~8 Myr also. Further Y 
collecting at Lufeng will improve samples of fossil species and `. 
screenwashing will probably add smaller taxa to the faunal list- 
that will help to refine this correlation. | : 

It is probable that hominoids in Pakistan and southern China 
coexisted in the same broad biogeographical province at 8 M 
Knowledge of temporal relations of samples of fossil hominoids 
is essential to reconstructing their pattern of evolution. and 
palaeobiogeography and analysis of other faunal elements car 


evolved. Continued synthesis of all available data will offer the © 
fullest understanding attainable of human evolution in southern i: 
Asia, : 
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Variation in morphology across a species range is largely a. 
function of climatic conditions. Evidence for this comes. 
primarily from correlations of latitudinal trends of climate with 
those of body size or shape (the classic ecogeographic rules of 
Bergmann and Allen’). Few studies have documented a tem- 
poral sequence of natural selection on size variables within 
single population”, and no study precisely documents selectio 
on shape variables. For birds in temperate regions, winter 
climate can be a major source of mortality”, and is likely to 
an important agent of selection on overall size’. We reporte 
previously“ that severe winter weather produced significant 
changes in the distribution of size classes of a population 
house sparrows (Passer domesticus). In that study, post-winter 
males were on average significantly larger than pre-winter males 
and post-winter females averaged significantly smaller than < 
pre-winter females. We report here further analyses. indicating 
that sparrows also undergo selection for refinement of. bodily 
proportions, consistent with predictions from Allen’s ecogeo- 
graphic rule. Such selection for increased core-to-limb propor- 
tions probably results in greater thermoregulatory efficiency. 
The , changes in proportions accompany the changes in overall 
size and there are major inter-sexual differences in how such 
proportions are achieved. | 
The study is based on 14 skeletal measurements” from. 3 4 


mens of house sparrows from Lawrence, Kansas. The 1978- 
winter in Lawrence was one of the most severe on recor¢ 
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First-year autumn versus all spring 





Male (n =81 vs. 115) Female (n = 60 vs. 81) 


Mean Mean 
o, (s.d.) p* (s.d.) p* 
Skull elements (5) 0.040 + <0.05 0.008 + NS 
Core elements (3) 0.125 + <0.01, 0.042 ~ NS 
a <0.05 
Limb elements (6) 0.059 + =<0.05, 0.135 - =<90.01, 
< 0.05 <. 0,05, 
<0.05 
0.154 + <0.01 0.056 — NS 


0.021 + NS 0.046 + NS 


First-year autumn versus first-year spring 


Male (n = 8ivs.15) Female {n = 60 vs. 10) 


0.003 + NS 0.030 ~ NS 
0.106 + <0.05 0.006 + NS 
0.010 + NS 0.105 = NS 
0.045 + NS 0.119 - NS 
0.037 + 


NS 0.135 + NS 





Values given are mean selection intensities for element groups (num- 
ber of elements per group in parentheses), selection intensities for PC 
~ scores, and a summary of the significant overwinter differences (by 
<u fetest) among elements within their respective groupings. + Indicates 
an increase in the value(s) of the element or PC overwriter, — means 
- a decrease, and + indicates ambiguity in the direction of selection. 
-™ Significance levels for those elements were significantly different 
‘by t-test between autumn and spring samples. No variances differed 
< between autumn and spring samples. Univariate analysis presented 
elsewhere*! _ NS, not significant. 


3-month period, compared with about 15 days in an average 
year. 

_ Within each sex, different comparisons of autumn and spring 
. groups were possible, but only autumn specimens could be 
<< satisfactorily identified as first-year birds by the incomplete 
ossification of their skulls". However, a large number of banded 
specimens was included in the sample, from a previous study 
atthe site". From these birds of known age, samples of first-year 
‘spring specimens were identified and compared with first-year 
-autumn birds. These provide the most useful comparison, in 
terms of measuring levels of wintertime selection, but a com- 
<> parison is also made of first-year autumn versus all spring 
- specimens. This mixes a number of separate age classes in the 
spring specimens, but all members of the group are similar in 
having had at least one wintertime selective experience. First- 
year autumn birds had completed skeletal growth’. 

<: -Univariate analyses of the 14 variables over these specimen 
< sets are provided elsewhere". Spring means differed sig- 
nificantly by t-test from autumn means for several variables. 
» Variances did not differ among the samples by Levene tests. 
To analyse the major trends of variation in the skeletal vari- 
ables, the variance~covariance matrix of the entire log-trans- 
rmed data set was subjected to principal component analysis" 
>A) and PC scores were computed for each specimen. Three 
cipal axes contained significant proportions of variance and 
asily interpretable. PC1 contained 42% of the variance 
ause of its large, positive loadings for all variables, 
overall s size. PCZ oe seems to iepreent a skull 























pre-selection (autumn) yio ài ar post 





selection (spring) sample. T 

are advantageous in that they are standardized and comparable 
over characters. Because selection acted primarily on the- 
character means in the comparisons, we assume a linear fitness. i 
function”, | 

Selection intensities were calculated for each of the 14 skel- 
etal elements, groupéd according to their respective bodily 
component (skull, core or limb) and averaged. These mean 
values, and the selection intensities for the PC scores, are 
presented in Table 1, which also includes a summary of 
significant differences. Selection intensities were large for cer- 
tain characters. For example, Aw/w was 0.237 for decrease — 
in humerus length in females. By comparison, Aw/wW for — 
change in humerus length from O’Donald’s’’ re-analysis of — 
Bumpus’ data on storm-generated selection in P. domesticus 
was only 0.103. Drought-mediated selection on Geospiza fortis’ 
produced the largest intensities ever noted: for example, Aw/wW 
on wing chord over a 2-yr period was 0.39. | 

The pattern of selection intensities differs to some extent 
between the sexes. On PC1, males show strong selection for _ 
increased body size, but females show strong selection for ` 
decreased body size. Selection intensities on PC3 are weak to 
moderate; mean changes are not significant, but all indicate an 
increased core-to-limb ratio. Selection intensities averaged over 
body components indicate more clearly a reproportioning of 
body parts. In males, selection intensities over skull and limb 
elements are weak, although generally showing a trend towards — 
increased size. In comparison, average selection intensities for - 
core elements are considerably larger for both the first-year 
autumn versus all spring comparison and for the first-year 
autumn versus first-year spring comparison. Male core ele- 
ments, therefore, show a disproportionate increase relative to 
their limb or skull elements. | 

For females, the basic pattern of selection is opposite to that ` 
of males, Females exhibit low selection intensities in variable 
directions for skull and core characters, but extremely strong 
selection for decreased limb size. Females limb elements thus 
show a disproportionately greater decrease relative to their 
core or skull elements. In summary, Table 1 reveals that while. 
spring males are larger overall and spring females are smaller 
overall, each sex has also experienced a differing mode of | 
selection on body components that results for both sexes, in an 
increased core-to-limb ratio. 

Individuals with a high core-to-limb ratio clearly have a 
selective advantage in severe winter weather. A decreased 
surface-to-mass ratio results from such a core-to-limb trend, 
which in turn may result in lower rates of metabolism and heat 
loss'®”°, Such trends in the proportioning of body parts are © 
evident in geographical comparisons within a number of 
species', and within house sparrows such a cline also exists’. — 
However, we believe this report to be the first to indicate _ 
selection for proportioning of body parts on a temporal basis. ~ 
As there are constraints on body size in each sex, for males to... 
be larger and females smaller post-selection, there must also i 
be constraints on the way each sex accommodates selection for 
optimal proportioning of body parts. Spring males must have. 
greatly increased cores in relation to their also larger limb- 
elements, and spring females must have considerably smaller . 
limbs in relation to their also smaller core elements. 

In house sparrows, therefore, males and females are selec- 
tively distinct morphometric. entities: sexual selection results 
in larger-sized males’; and females perhaps under rgo selection 
for small size because of reproductive constraints’. As shown 
here, given intense selection pressures, overwinter mortality ` 
can support or augment these trends®. Even So, males and 
females, although probably allowed to differ in size because of _ 
sex-limited loci, cannot be totally distinct in an evolutionary — 
sense because of the effects of syngamy and recombination.. - 
Sexual reproduction annually generates cohorts of offspring of 2 
interparental size or shape that cannot wholly anticipate ` 
wintertime climate. Selection sometimes then acts on this new. : 


















a ipproximating optimal distributions. 
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eo It is often supposed that genetic polymorphism in a population 
-will be favoured if individuals of different genotype occupy an 
ecological niche in which they are relatively fit'. There are great 
practical difficulties in establishing whether such genetic 
differences in behaviour influence the niches chosen by poly- 
-morphic animals in nature. I report here a new technique for 
investigating habitat selection in the land snail Cepaea 
- nemoralis. This species is polymorphic for shell colour and 
| banding and hence for shell reflectivity. Differences in the 
efficiency of absorption of solar energy by the various 
phenotypes lead to geographical changes in allele frequency’. 
n this study snails of different phenotype in the same population 
ere marked with a paint which fades at a measurable rate 
n exposed to daylight. This detects individual differences 
in daytime activity too slight to be identified by direct observa- 
on and shows that within a population there are differences 
in the behaviour of individuals of contrasting shell phenotype 
rhen exposed to sunlight. Habitat selection may therefore be 























<- C. nemoralis. 
There are great differences in gene frequency among 
_ geographically separated populations of C. nemoralis. Some of 
these differences result from climatic selection; dark-coloured 
> snails absorb more solar energy than do light-coloured, and 
~ hence may be at an advantage in cold and shady microclimates 
but liable to death through overheating in warm sunny places’ ™. 
ch less is known of the forces which maintain genetic vari- 
y within a population than of those which lead to genetic 
ge among populations, Individual differences in thermal 
ations in sunshine might influence the habitat chosen by 
-different genotype, so that the shell polymorphism 
ciated with behavioural differences which help to 
> various alleles in the population. 




















-cohort to generate post-winter phenotypic distributions Beer 7 


‘partially responsible for the extensive genetic polymorphism of - 


. Observation of differences in behaviour in natural popula- . 
„tions i is difficult as the snails are often buried or hidden by - 
3 - What i is s needed i is to measure the anyi of single . 








snails over a | period long ehongh t to detect slight i 4 
differences. Most techniques of measuring exposure to day 
are unsuitable as they involve complex instruments or undue 
physical interference’. There are, however, several chemical or 
electronic methods of integrating solar energy falling ona 
surface. Chemicals which degrade at a known rate when 
exposed to the Sun®* are not usually practical for field use. as 
they involve the spectrophotometry of degradation products. I 
have modified a technique used to measure the stability. of 
textile dyes to give a convenient method of assessing t 
behaviour of individual animals in daylight. 

The Blue Scale is a series of pigments of differing resistan 
to fading which are dyed onto cloth’. The technique can b 
improved for field use by dissolving the pigments in a stabl 
yellow paint to give a green paint which fades to yellow. The 
extent of fading is assessed by comparison with a scale produced. 
by mixing this paint with increasing proportions of the yellow 
base. The paint is primarily sensitive to UV light (which rep- 
resents only a small part of the Sun’s thermal energy'”) so that _ 
paint fading integrates exposure to daylight over time rather: 
than directly assessing thermal stress. Paint fading gives. an 
indication of the activity of individuals over an extended period. 

A saturated solution of benzyl blue in monoethyleneglycol- 
monoethylether was added to yellow polyurethane paint (Inter- 
national Paint Co., Series 101) to produce a dark green com- 
pound, Experimental snails were collected in the valley of the _ 
Garonne in the Spanish Pyrenees, where C. nemoralis is highly £ 
polymorphic''. Behavioural responses were tested in semji- 
natural conditions in cages in the field at Nettlecombe Court 
Field Centre, Somerset, UK. These cages have been used by | 
Bantock’? to study mortality in C, nemoralis. His results seem 
to reflect the fitness differences between shell morphs which _ 
exist in natural populations. The cages have. the great practical : 
advantage that all surviving marked snails can be recaptured. 

Twenty adult yellow unbanded and the same number of 
yellow five-banded snails were collected from each of 10 natural 
populations of C. nemoralis during the period 19-23 June 1981. 
In every case snails were collected from an area smaller than 
that of a panmictic population’*. Each snail was marked with _ 
a small spot of paint placed 5 mm behind the lip at the equator- 
of the shell, and the populations were placed in 10 field cages: 
planted with nettles and grass on 3 July 1981. The extent of 
paint fading was measured 60 days later (Table 1). | 

There are significant differences between banded and 
unbanded snails in mean exposure to daylight. In every cage, ` 



























































Table i Degree of paint fading on banded and unbanded snails. ; 
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Faded to point. 





Cage i 3 4 5 6 7 
1 U 6 7 3 
B } 3 10 4 
2 U 3 3 5 3 
B 6 9 1 
3 U 2 10 3 3 
B 6 8 1 
4 U 4 i) 4 3 
B H 3 12 3 
5 U l 6 7 3 
B 1 11 6 i 
6 U 4 9 7 
B 4 3 10 3 
7 U 2 10 5 1 
B 2 7 9 1 
R U 8 10 
B 14 4 
9 U 1 9 8 2 
B 4 2 2 
10 U 7 9 Z 1 
B 11 6 









Paint fading ¢ on green to yellow scale of marked C. nemoralis in 
a le cages. U,  unbanded snails; B, banded. 


















































































7 ges | the: effect i is sews ge a ee Gee U- test to be 
dividually significant at the 5% level. The overall difference 
etween the mean fading of unbanded (3.85 points) and banded 
55 points) is highly significant (t= 7.54; P<0.001), In addi- 
on, in 9 of the 10 cages there is a greater variance of fading 
among unbanded shells (sign test: P = 0.022). There are there- 
fore considerable behavioural differences associated with the 
shell polymorphism of C. nemoralis. 
Partitioning of the environment by snails of different 
- genotype may result either from temporal or from spatial 
differences in activity. There is a general tendency for related 
coexisting species of small poikilotherm to differ in their times 
of activity. C. nemoralis and Cepaea hortensis differ in their 
period of maximum activity in a way which is related to their 
preferred microclimate’’. Australian Theba pisana show 
differences in the seasonal activity of dark and light- -coloured 
snails which depend on their thermal relations in sunshine’? 
This effect might also be important in C. nemoralis, so that the 
-= dark-coloured banded shells are active for a higher proportion 
ofthe day in the cool English climate. 
~~ Banded and unbanded snails might also choose to live at a 
_ different height above the surface. Behaviour in sunlight i is the 
-prime mode of thermoregulation in invertebrates”. Tem- 
perature stresses are often greater near the ground because of 
the development of a layer of heated air on sunny days’ and 
many organisms exposed to solar stress choose to live at some 
. distance above the surface. Mediterranean Helicella virgata, 
~~ for example, reach a lethal temperature much more often when 
resting at 3 cm above the ground than when at 70 cm (ref. 18). 
<< In © nemoralis, also, snails climb most actively in hot dry 
_weather’’. Behavioural thermoregulation of this kind is likely 
tò be particularly important in banded C. nemoralis, which are 
-more liable than are unbandeds to die of heat shock when 
exposed on the ground surface on sunny days”. Banded 
snails will therefore climb higher than do unbanded, so that 
their paint spots will fade to a greater extent. The greater 
variance of fading scores among unbanded snails suggests that 
they have a wider range of behaviours and hence 
‘a broader niche with respect to general activity, perhaps 
because they can penetrate both into the layer of heated 
“air near the ground and the direct rays of the Sun at the top 
of the vegetation. Experiments with Drosophila show that 
temporal fluctuations in habitat are as effective in maintain- 
ing polymorphism as are spatial changes’, so that differ- 
ences in either time or location of activity by snails of 
different shell phenotype might favour the evolution of shell 
polymorphism. 
In laboratory populations of various organisms, genetic 
differences in habitat selection increase the fitness of particular 
alleles’*-**, and allow a Drosophila mutant to be maintained in 
a heterogeneous environment although it is otherwise harmful 
to its carriers’, Very few examples of genetic polymorphism 
for habitat selection have been established in natural or semi- 
‘atural conditions'***. The experiments described here show 
hat different shell genotypes of C. nemoralis have differences 
‘patterns of activity which may influence their fitness and 
x promote shell polymorphism. This technique of integrat- 
ctivity over time may be generally useful in exploring the 
yural ecology of the individual differences thought to 
various animals as they search for food, for mates or 
tory. 
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Mouse embryos homozygous for ¢”*, a recessive lethal mutation 
in the ¢ complex located on chromosome 17, develop normally 
until the elongated egg cylinder stage, approximately 6.5 days 
after fertilization. At this time, the endoderm is morphologically 
abnormal and the embryonic ectoderm begins to show signs of | 
pyknosis. Death of the embryo usually occurs within the next 
2 days (ref. 1). A serious difficulty in the study of lethal t- mutant 
gene expression during embryogenesis has been to obtain 
appropriate experimental material, particularly during the 
period immediately following implantation. Recently, a method 
involving the use of teratocarcinoma-conditioned medium was 
devised for establishing pluripotent stem cell cultures directi y 
from the inner cell mass (ICM) of a normal mouse blastocyst“. 
Using this method, we have established three embryonic stem 
cell lines derived from embryos carrying ¢”*. We report here 
that one of the cell lines is homozygous for the mutation 
(¢"5/e"5), whereas the other two are heterozygous (+/¢"*)._ 
When injected into athymic mice, each cell line is capable of | 
forming tumours that contain differentiated derivatives of all 
three primary germ layers, 

The three embryonic stem cell lines were obtained from- 
cultures of 10 ICMs isolated from t"*- bearing blastocysts. Mass 
cultures of the cell lines are indistinguishable from other estab- 
lished embryonic stem cell and teratocarcinoma stem cell lines- 
in both morphological and growth characteristics. When tested 
for expression of the SSEA-1 cell-surface antigen’, which is 
common to teratocarcinoma stem cells and early embryos but 
not to most differentiated cell types, all three cell lines derived 
from ¢”>- bearing embryos were found to be positive by indirect 
immunofluorescence. 

It would be desirable, of course, to identify the genotypes of 
these embryonic stem cell lines by determining whether they 
produce the wild-type or mutant ¢” * gene products. However, 
as these products are unknown, we have used other genetic. 
markers which identify three different regions of the £” "bearing. 
chromosome. The validity of the markers depends on the fact. 
that the ¢”* lethal mutation is carried in the context of a 
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"plete: t haplotypes, represents a variant form of a large region 
-of chromosome 17 extending from the T locus near the cen- 
_tromere to beyond the H-2 complex (reviewed in ref. 4). In 
ddition to the mutation affecting embryonic development, 
sh for ¢”° has been mapped near the centre of the complete 
uplotype’, all ¢ haplotypes carry variant alleles of several 
enes, including factors that affect sperm differentiation 
unction. The integrity of a t haplotype is maintained by 
xtreme suppression of meiotic recombination between t- 
otype and wild-type chromatin (for reviews see refs 4,6-8). 
Phe first marker we used identifies the presence or absence 
-of a t*°-bearing chromosome. The embryos from which the 
i stem cell lines were derived were obtained by ‘crossing 














>O Fig. 1. Identification of embryonic stem cell genotype. Ten ICMs were 
_. isolated from blastocysts obtained by mating ”*/Rb(16.17)7Bnr mice. (As 
the transmission ratio of the 1" haplotype on our background is 87%, we 
2) would expect four to five of the ICMs to be t*î homozygotes.) They were 
= seeded on confluent monolayers of mitomycin C-treated fibroblasts in 
‘Dulbecco's modified Eagle’s medium supplemented with 10% calf serum, 
10°* M 2-mercaptoethanol and concentrated conditioned medium”. Within 
1 week, three of the ICMs had proliferated to form undifferentiated stem 
cell colonies. These colonies were disaggregated by treatment with trypsin 
and, with the use of a micropipette, were subcultured to new feeder layers. 
-. "The cell populations were then expanded according to the procedures 
-. outlined by Martin’, except that the addition of concentrated conditioned 
“medium was discontinued after three passages. When the karyotype of 
zco- embryonic stem cell line 1 was examined {a}, 38% of the cells had 40 
- Chromosomes, 30% had 41 and 10% had 42. A translocation chromosome 
vas not observed in any spread. In addition, only the p63a protein was 
ound marked a in (b). These data identify line 1 as homozygous for 1” 
9% of the cells of embryo-derived ceil line 2 were found to have 42 
chromosomes and 22% had 41. 84% of the cells of line 3 had 40 chromo- 
somes, The presence of a translocation chromosome (arrowed in (c) and 
-p63a and p63b (a and b respectively in d) identifies lines 2 and 3 as 
ae heterozygous for ¢**,. For karyotyping, 10’ stem cells were seeded in 
0O 60mm” tissue culture dishes and cultured overnight. They were then 
aa incubated for 30 min in ‘medium containing 10 pg ml” T soleemid (Gibco), 
> washed with. phosphate-buffered saline (PBS) and collected after exposure 
Bote te trypsin. The cells were centrifuged, and the pellet resuspended in 10 ml 
o> Of 0.56% KCL After 25 min, the cells were again centrifuged and the 
>: resulting pellet resuspended in 10 ml of 3:1 methanol/acetic acid fixative. 
. The fixative solution was changed three times and then refrigerated over- 
oo Right. The following day, the pellet was resuspended in 1 ml of a freshly 
= made fixative solution, and chromosome spreads were prepared by placing 
a drop of the cell suspension on cleaned, wetted microscope slides. The 
_. chromosomes were stained with 3% Giemsa (GURR) for 5 min. For two- 
- dimensional gel electrophoresis, embryonic stem cells were separated from 
feeder layer cells by a double preplating technique’. The stem cells were 
hen seeded in 16 mm? multi-well tissue culture plates (Flow Labs) at a 
nsity of 10° and cultured overnight. After washing with PBS, the stem 
cells were incubated in methionine-free medium for 30 min and then for 
y methionine-free medium containing 250 aCi mi“! of **S-methionine 
fic activity of 960-1,100 Ci mmol”'; Amersham). The labelled cells 
vashed with PBS and lysed with 100 ul of isoelectric focusing sample 
t sy Two-dimensional gel electrophoresis was performed as outlined 
y O'Farrell? with a 4.5% stacking gel and a 10% separating gel being 
used in the second dimension. Kodak NS-2T film was used for autoradiogra- 
F phy of the dried gels. Only the area of the gel pattern containing p63 is 
ee shown. 






































‘haplotype. This 1"5 haplotype, like all other com- ` 1*5) Rb(16.17)7Bnr mice. In these embryos, the rs mutatio: 














is carried on an acrocentric chromosome 17, whereas the wild- 
type allele is carried on the Rb(16.17)7Bnr translocation: 
chromosome (comprising chromosomes 16 and 17 fused at the 
centromere) which thus serves as a marker for its presence. . 
Consequently, in the absence of recombination, chromosome 
spreads from embryonic stem cells homozygous for ¢”* will not 
have a translocation chromosome, heterozygous cells will have 
one and wild-type cells will have two. When the karyotype of. 
embryonic stem cell line 1 was examined, none of the spreads 
contained a translocation chromosome (Fig. 1a). In contrast, 
embryonic stem cell lines 2 and 3 both had a fansiocanon, 
chromosome (Fig. 1c), 
Because there is a 4-6% chance of meiotic recombination 
occurring between the centromere and the start of the t- 
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Fig. 2 Blot hybridization analysis of H-2-like genes from 
embryo nic stem cell line 1. EcoRI restriction patterns of a, 
12901971"); b, 129(+/1*); c, embryonic stem cell line 1; and d, 
Rb(16.17)7Bnr/Rb(16.17)7Bnr. High molecular weight DNA 
was prepared from adult livers or embryonic stem cells as described 
previously’. DNA was digested to completion with EcoRI and 
5-pg aliquots of each sa mple were electrophoresed through a 1% > 
agarose gel at 0.7 Vcm for 36h. Southern blot hybridization _ 
was performed with clone pHila DNA”? nick-translated toa 
specific activity of 2 x 10° c.p.m. ug’, and used at 8.2 x 10° c.p.m. ree 
cm™ of filter. Hybridization and washing conditions were as ` 
described previously. Particular f- specific, EcoRI fragments are 
numbered at the left according to Silver”, The numbers at the 
right denote the size and positions of the DNA length standards, °~ 
in kilobases (kb). Lanes b and c are composites of different a 

exposures of the same gel. 






Fig.3 Section of an embryoid body formed by 1”°/t”° embryonic 


stem cells. Aggregates of cells were cultured in Petri dishes for 
16 days. The embryoid bodies which formed were fixed in 2.5% 
glutaraldehyde, dehydrated and embedded in Epon, and 1.5-ym 
sections were prepared. Part of a cavitating embryoid body, con- 
sisting of columnar ectoderm (Ec) surrounded by a layer of 
endoderm-like cells (En) with underlying Reichert’s membrane- 
like material (RM), is shown. There are numerous pyknotic cells 
(arrow) in this embryoid body. x 240. 


haplotype region’, the second marker we used was the Tcp-1 
gene located i in the region of the r’* haplotype proximal to the 
lethal gene’’. All complete ¢ haplotypes, including ¢”°, carry a 
variant Tcp-1 allele (Tcp-1*) which encodes a polypeptide 
p63/6.9a (abbreviated p63a) that is readily distinguishable from 
the wild-type gene (Tcp-1°) product (p63/6.9b or p63b) by 
two-dimensional gel electrophoresis'’, Thus, t” homozygous 
cells express only the p63a form of the polypeptide, heterozy- 
gous cells express both p63a and p63b in equal amounts and 
wild-type cells express only the p63b form. When the protein 
gel pattern of embryonic stem cell line 1 was examined, only 
. the p63a form of the polypeptide was observed (Fig. 16). In 
contrast, both p63a and p63b were expressed in roughly equal 
amounts by embryonic cell lines 2 and 3 (Fig. 1d). 

As meiotic recombination within the t complex is highly 
suppressed (recombination frequency between 0.001 and 
0.002)°, the probability that Tcp-1 has been separated from 
the ¢”° lethal mutation and that cell line 1 is not homozygous 
for t”° is extremely low (<0.004). Nevertheless, we used the 
family of genes comprising the H-2 complex as a third marker 
to demonstrate that cell line 1 carries only the t” ` haplotype. 
The H-Z complex is located in the region of the t“° haplotype 
_ distal to the lethal factor’. t- haplotype-specific restriction frag- 
=- ments carrying DNA sequences homologous to the H-2 class 

-I genes have recently been described’*'*. With the use of the 
-restriction enzyme EcoRI, multiple ¢-haplotype-specific frag- 
ments can be observed in the context of the 129/SvJ back- 
ground pattern (Fig. 2, lane a). Although fragments 5, 11 and 
- 17 are shared by all complete ¢ haplotypes, fragments 4 and 
18 are unique to the t” haplotype (Fig. 2, lane b) and are not 
present in genomic poi from other lethal and semilethal 
haplotypes such as f°, 1°, 1"? or ¢'?. All the other well charac- 
terized f haploty es deol; fragments 9, 14, 15 and 16 whereas 

t”? does not. The H-2 haplotype associated with the 
Rb(16.17)7Bnr ‘chromosome also displays EcoRI fragments 
which migrate in the same regions as ¢ fragments 9, 14-16 (Fig. 
>, lane d). 

EcoRI-digested DNA from embryonic cell line 1 displays 
fide aan H-2 fragments 5, 11 and 17, and ¢”*-specific frag- 


‘ments 4 and 18 (Fig. 2, lane c). This pattern of EcoRI fragments | 





is characteristic of the ”* haplotype. The absence of fragments 
9, 14-16 rules out the unlikely possibility that a lethal or 
semi-lethal haplotype other than ¢”* is present in this cell line, 
and also verifies the absence of the H-2 genomic region of the 
Rb(16.17)7Bnr chromosome. 

Taken together, the analyses of the three markers demon- 
tae conclusively that line 1 is homozygous for regions of the 

** haplotype both proximal and distal to the ¢”” lethal gene. 

ye suppression of recombination along the ¢"° haplotype 
reduces the probability of a double recombination event to 
~10°°, we can definitely conclude that this cell line is homo- 
zygous for the t”° lethal gene. 

To determine whether the embryonic stem cells can mimic 
early embryogenesis, the homozygous and one of the hetero- 





Fig. 4 Sections of tumours formed after subcutaneous injection 
of 5x 10° 1°°/t"* embryonic stem cells into an athymic nude 
mouse. After 2-6 weeks the tumours that had formed were 
removed, fixed in Bouin's solution, embedded in paraffin and 
sectioned. The cell types observed in the tumours included a, 
groups of undifferentiated stem cells (SC); 6, cartilage (Ca) and 
columnar epithelium (CE); and c, keratinizing epithelium. a, x 80; 
b, x 104; c, x112. 
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© microscope, the t”°/r”* embryoid bodies were observed to 
: consist of a core of ectoderm-like cells surrounded by a layer 
“of endoderm-like cells. Typical Reichert’s membrane-like 
rial, presumably secreted by the endodermal cells, was 
ed in almost all the ¢”°- homozygous embryoid bodies, 
beginning of pro-amniotic cavity formation was obser- 
the core of some (Fig. 3). Extensive death of core cells 
bserved in some of the aad ea * embryoid bodies. However, 
ugh ectoderm degeneration is characteristic of t"°/t”* 
bryos in utero, the cell death observed in the 1°°/”* embryoid 
bodies cannot necessarily be attributed to the effects of the 1”° 
lethal mutation as numerous pyknotic cells have also been 
observed in the core of embryoid bodies formed by some 
wild-type teratocarcinoma stem cell lines (G.R.M., unpublished 
data). 
As the variety of cell types formed during the development 
of embryoid bodies is always limited, each of the t”*- bearing 
$; embryonic stem cell lines was injected into several athymic 
` Mice (nu/nu) to determine the extent of their differentiative 
~ capacities. Within 2-6 weeks, all the cell lines produced tumours 
< containing undifferentiated stem cells as well as differentiated 
_ derivatives of all three primary germ layers. The differentiated 
-cell types included neural, keratinizing, pigmented and colum- 
-nar epithelium, yolk sac endoderm, cartilage, muscle and con- 
nective tissue (Fig. 4a—c). Similar results were obtained with a 
subclone of the r*/ t** embryonic stem cell line. We thus 
_ conclude that the r”°- homozygous embryonic stem cell line is 
pluripotent and capable of differentiating into a large number 
of differentiated cell types. Many of these cell types are not 
formed by ¢”°/t”* embryos in utero because the embryo dies 
before all three primary germ layers are established’. 
- The mechanisms of t- mutant lethality are not yet understood. 
i One hypothesis i is that at least the earlier-acting lethal ¢ muta- 
| tions, such as t”, ¢° and ¢”°, are generalized cell lethals that 
cause embryonic ‘death by perturbing processes such as inter- 
 mediary metabolism, which are essential for the survival of all 
cells in the embryo‘, Wudi and Sherman’® interpreted their 
“observation that all cells in cultured presumptive t”5/t"5 blas- 
= tocysts die at earlier times than do cells of control embr /OS as 
‘evidence that ¢”° is a generalized cell lethal. Hogan et al.” also 
showed that presumptive t"*/t*5 ICMs are smaller, abnormally 
organized and apparently moribund when compared with ICMs 
_ from normal embryos. Our results, however, demonstrate that 
t”°/t”° ICM cells are sufficiently viable to give rise to an 
-embryonic stem cell line which, in the appropriate environment, 
_ ean differentiate into a wide variety of cell | types. The simplest 
; xplanation of these results is that the z" mutation does not 
_ result in generalized cell lethality. Death of ¢°°/t”* embryos 
: me therefore be due to other causes. The availability of the 
ape. - homozygous embryonic stem cell line described here should 
z make possible new. approaches to the study of how such lethal 
SE mutations affect normal development. 
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x Gallup and Jane Uman for technical assistance and Dave Akers 
for assistance in preparing the figures. This work was supported 
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Neuroontogenesis results. from a synchronized series of 
elementary events including cellular proliferation, migration, i 
differentiation, recognition and death. Neuronal migration is ao 
key step in neural morphogenesis since inadequately located 
neurones may not establish the appropriate connections snd 
this may lead to neuronal death or to functional deficit of — 
synaptic circuits. Impairment of neuronal migration has been | 
implicated in human pathology’ and well documented i in animal _ 
pathology, such as the weaver mutation in mice’. The cerebel- 
lum of small rodents is particularly well suited for the study of ._ 
neuronal migration because a subpial neuronogenesis occurs 
postnatally. The subsequent inward migration of postmitotic 
neurones (mostly granule cells) has been studied using classical’ 
neuroanatomical methods, such as the Golgi stain’, and ` 
autoradiography after systemic injection of *H-thymidine*. Sys- 
tematic ultrastructural investigation of neuronal migration at _ 
different levels of the central nervous system and in different 
species led Rakic to propose the radial glia hypothesis—that | 
neurones migrate along radial glia cells which serve as guides. 
during migration". The observation that neurones migrate — 
inside a densely packed neuropile has prompted us to consider 
the possible role of extracellular neutral proteolysis during 
neuronal migration. We have focused on the plasminogen: 
activator (PA) serine proteases because these enzymes are 
known to be involved in several phenomena that involve cell 
migration or tissue remodelling’. The usual substrate for PA 
is plasminogen, which i is converted to plasmin, although other... 
substrates may exist’. We report here that both PA and plasmin 
are released by cultived 7-day-old rat paraflocculus, but not by 
i-month-old or adult rat paraflocculus (that is, after granule 
cell migration), and that inward migration of cerebellar granu 
neurones, which account for 95% of the cells in adult cerebel 
lum, can be inhibited by inhibitors of the PA~plasmin system. 
We have studied PA and plasmin activity with the use of the. 
classical fibrin plate assay*”. When standard plates are used, it 
is possible to demonstrate both endogenous PA and plasm 
activity; with heated plates only endogenous plastin ac’ 
can be detected (see Fig. 1 legend). When a 7-day rat cerebellur 
paraflocculus (the most lateral part of the cerebellum) was’ 
explanted for 24h at 37°C on a standard fibrin plate, a 
fibrinolytic zone formed around it; the fibrinolysis could be- 
inhibited by 6-aminocaproic acid. In the same conditions, but 
using heated fibrin plates, a smaller but definite fibrinolytic. 
zone could be seen, demonstrating that not only PA but also- 
plasmin are released by the 7-day rat paraflocculus. If these 
enzymes were to have a role in neuronal migration, we reasoned. 
that 1- or 3-month (adult) rat paraflocculus should not release 
PA and plasmin. We found that, indeed, provided the mening 
were carefully dissected, in neither case could a release of P 
or plasmin be demonstrated (see Fig. 1 for example). We also. 
conclude from this experiment that the fibrinolysis observed 
with the 7-day rat paraflocculus is not due to damage (such a 
anoxia or nonspecific release of proteolytic enzymes). Extrac 
lular release of PA and plasmin activity is even more obv 
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if the conditioned medium from 7-day rat paraflocculus sus- 
pension culture is assayed using standard or heated fibrin plates. 
6-Aminocaproic acid again inhibits the fibrinolytic activity and 
in these conditions neither PA nor plasmin activity could be 
demonstrated in medium conditioned by 1-month or adult rat 
paraflocculus. 

We next investigated whether inhibition of PA or plasmin 
affected cell migration, using organotypic suspension cultures 
of the 7-day paraflocculus. In these cultures, the external 
granular layer (EGL) disappears within 2 days. Further experi- 
ments, including sequential autoradiography after intra- 
peritoneal injection of *H-thymidine 60 min before dissecting 
the paraflocculus, showed that the-disappearance of the EGL 
was due to inward migration of EGL cells such as occurs in 


Fig. 1 Demonstration 
of plasminogen acti- 
vator and plasmin 
release by 7-day-old rat 
paraflocculus. Fibrin 
plates were prepared as 
described in ref. 8; 
200 mg of crude bovine 
fibrinogen (containing 
plasminogen) were dis- 
solved in 100ml of 
veronal buffer (pH 7.3) 
with O.Sml of 1% 
merthiolate solution 
added. To 3 ml of fresh 








Fig. 2 Effects of inhibitors on neuronal migration. Cerebellar 
paraflocculi were dissected from 7-day-old rats and cultured in 
suspension (gyrotory shaker New Brunswick G2, 100 r.p.m.) for 
48 h in high-glucose (600 mg% ) minimal essential medium supple- 
mented with either 10% heat-inactivated horse serum or with the 
N, component’ * (the same results were obtained with both media). 
Different inhibitors of the PA-plasminogen—plasmin system were 


poma aC peri added (see text). a, Control culture showing the disappearance of 
(kept at ), 0. = o the external granule cell layer after 2 days. b-d Illustrate the effect 
thrombin (100 NIH of some of the inhibitors used: 6, 10 °M EACA; c, 104M 


units per ml of Veronal 
buffer) was added and 
the mixture layered in 
the compartments of 
Petri dishes (Falcon 
1004 Y). If the plates 
are kept at 37°C, both 
PA and plasmin 
activities can be detec- 
ted. If the plates are 
heated to 80°C for 20 
minutes, the plas- 
minogen is inactivated 
and the tissue must 
generate not only 
endogenous PA but also 
endogenous plasmin in 
order to induce fibrino- 
lysis’. The diminished 
lytic zone, as compared 
with standard plates, indicates that plasminogen in the tissue 
sample is the limiting factor. Paraflocculi were dissected from 
7-day (a-c) or 1 month (d) rat cerebella. Meninges were carefully 
removed under the dissecting microscope. The whole (7-day-old) 
or part (1-month-old) paraflocculus was then explanted in 0.5 ml 
of N;MEM medium serum-free culture medium'* on the fibrin 
plates which were incubated at 37°C for 24h, and then photo- 
graphed. Serum-free conditioned medium was obtained from sus- 
pension cultures of cerebellar paraflocculus in some experiments 
or of slices of the whole cerebellum in other experiments (see Fig. 
2 legend for details on the tissue culture). The medium was 
collected, centrifuged (100,000g, 60 min) and filtered through a 
0.22 4m Millipore filter. The conditioned medium was used 
immediately although activity was ngt modified by freezing at 
—20 °C for 1 week. Forty pl of the conditioned medium were then 
seeded on either 37 °C or 80°C fibrin plates, which were photo- 
graphed after 24 h. a, 7-day-old rat paraflocculus, 37 °C plate; b, 
7-day-old rat paraflocculus, 37°C plate. 5x 10°*M 6-amino- 
caproic acid was added to the medium. At that concentration 
partial inhibition of the fibrinolysis is observed. Complete inhibi- 
tion was obtained at 5x 10° M; c, 7-day-old rat paraflocculus, 
80°C plate; d, 1-month-old rat paraflocculus, 37°C plate; e, 
e conditioned medium from 7-day-old rat paraflocculus suspension 
culture, 37°C plate; f, conditioned medium from 7-day-old rat 
paraflocculus suspension culture, 80°C plate. x 1.7. 





p-Val-Phe-Lys-CH.Cl; d, 10°* M p-Phe-Pro-Arg-CH,Cl. In the 

presence of inhibitor, the EGL does not disappear, showing that 

the inward neuronal migration is blocked. At least five samples 

were examined in each condition. Paraffin sectioning. Gallocyanin 
stain. a-c, X240; d, x 42. 


vivo (in preparation). The persistence of the EGL beyond 2 
days could thus be considered as a criterion for migration 
blockade. The following inhibitors were used: 6-aminocaproic 
acid, which binds to plasminogen and inhibits the transforma- 
tion of plasminogen to plasmin; diisopropylfluorophosphate, a 
general inhibitor of serine proteases; trasylol and soybean tryp- 
sin inhibitors which are antiplasmin agents; and D-Phe-Pro- 
Arg-CH,Cl and D-Val-Phe-Lys-CH,CI which are specific and 
potent inhibitors of tissue PA and plasmin respectively (ref. 10 
and D. Collen, personal communication). All the inhibitors 
inhibited inward migration of EGL cells (Fig. 2), and, judging 
from phase-contrast examination of dissociated 7-day rat 
cerebellum cultures, at the concentration used they had no toxic 
effect. The data show that (1) not only PA but also plasmin 
activity are released into the extracellular space of the cerebel- 
lum during migration and (2) neuronal migration is inhibited 
by agents which act on PA and plasmin activity. 

The present study is not concerned with cellular location of 
PA or plasminogen. Recent reports'''* suggest, however, that 
PA is released by neurones and, in the case of the 7—9-day 
postnatal mouse cerebellum, by granule neurones. The tissue 
localization of plasminogen is unknown, although there are 
several possibilities. For example, it could be present on the 
outer surface of the radial glia or released by the radial glia in 
the neighbouring extracellular space, Plasmin would be locally 
generated and the modification of cell surfaces or spaces On or 
near the glial process would generate an area permissive for 
inward migration of granule cells. This mechanism is consistent 
with the radial glia hypothesis. Alternatively, plasminogen 
could be distributed throughout the extracellular fluid and not 
restricted to the Golgi epithelial cell. Finally, it should be noted 
that the molecular nature of the substrate(s) for plasmin in the 
brain is at present unknown. 
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Transformation of fast fibres to slow 
( prevented by lack of 
activity in developing lobster muscle 
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Adult mammalian twitch muscle fibres are extremely plastic, 
being able to transform from one type to another under the 
direction of their motoneurones'~*. The most unequivocal type 
of fibre transformation is that of fast-twitch to slow-twitch type, 
either with cross-reinnervation of the fast muscle with a slow 
nerve*“, or with chronic low frequency stimulation of the intact 
nerve to a fast muscle’*. Moreover, direct electrical stimulation 
of the muscle itself with a tonic pattern is just as effective in 
converting fast fibres to slow’. All these experiments suggest 
that activity of the muscle itself, imposed by whatever means, 
is crucial in the transformation of fast to slow fibres**°. A similar 
transformation during development may be responsible for 
producing the adult diversity of fibre types, as fibres begin by 
synthesizing myosin of an embryonic type which is replaced by 
a neonatal type and finally the adult type of fast’’ and slow’, 
which occurs concurrently with innervation. We report here 
that during development of the paired claw closer muscle in 
lobsters, reducing or eliminating activity in one of the muscles 
by tenotomy or denervation prevents its fast fibres from becom- 
ing transformed into slow. Our results therefore suggest a 
regulatory role for activity in the differentiation of lobster slow 
fibres. 

The adult lobster Homarus americanus has dimorphic claws 
consisting of a slender fast-acting cutter claw and a stout, 
slow-acting crusher claw'*’*. The claw closer muscles are 
similarly differentiated, the cutter having a majority (60-80%) 
of fast fibres and the crusher having all slow fibres'*"’®. However, 
in the three larval’’ and first juvenile’? stage the paired claws 
and closer muscles are symmetrical. Each muscle has ~30% 
fast fibres in a central band, with the remaining slow fibres 
distributed above and below the fast band’’. During subsequent 
development, one of the muscles differentiates into a cutter 
\ with a majority of fast fibres and the other into a crusher with 

all slow fibres'*. Claw and closer muscle type becomes deter- 

mined some time during the 4th and early 5th stage and remains 
fixed thereafter”. As claw laterality (whether the crusher 
appears on the right or left side) is not genetically prespecified, 
extrinsic factors may influence the determination of claw type 
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and muscle fibre type during the critical 4th and early 5th stage. 
Indeed, rearing juvenile lobsters without a substrate suppresses 
development of a crusher claw (and slow fibres) and instead 
produces paired cutter claws*’. Because juvenile lobsters nor- 
mally manipulate the substrate with their claws, it was proposed 
that the lack of exercise in the absence of a substrate suppressed 
the differentiation of a crusher claw. To test this hypothesis, 
we have examined the effects on claw dimorphism of rearing 
lobsters with or without substrates that they could manipulate 
and while restricting the use of one of the paired claws. 

Larval lobsters were obtained from a hatchery and reared 
communally until the moult to the 4th stage, when they were 
placed individually in plastic trays”. Following experimental 
manipulation in the 4th and Sth stages, claw laterality was 
assessed in the 9th stage or beyond. At this stage the cutter 
claw is distinctly slender, covered with sensory bristles and has 
a major incisor-like tooth on its pollex. In contrast, the crusher 
is stout, has few sensory bristles and has a major molar-like 
tooth. The fibre composition of the claw closer muscles was 
based on histochemical demonstration of myofibrillar ATPase 
in frozen serial sections of the entire claw using the method of 
Padykula and Hermann”, modified for lobster muscle**. As 
the specific activity of myofibrillar ATPase is two to three times 
higher in fast crustacean muscle than in slow****°, the former 
fibres stained more intensely than the latter (Fig. 1). Usually, 





Fig. 1 Representative cross-sections midway through a serial 
series treated histochemically for myofibrillar ATPase in a pair 
of dimorphic cutter (a) and crusher (b) claws and a pair of cutter 
(c,d) claws from 9th stage juvenile lobsters reared with and 
without oyster chips, respectively. At this stage the closer muscle 
in the cutter claw (a) has almost completely differentiated, consist- 
ing mostly of intensely staining fast fibres with a small ventral 
band of less intensely staining slow fibres. Staining intensity of 
these ventral fibres is similar to that of the opener muscle which 
is known to be composed of all slow fibres. The closer muscle in 
the crusher claw (6) has a majority of fibres staining with the same 
intensity as the opener muscle thus denoting slow fibres except 
for a narrow central band of intensely staining fast fibres which 
are transformed into slow fibres in subsequent stages. In a juvenile 
lobster reared without a substrate, however, the closer muscles in 
the paired claws (c, d) are identical, having the fibre composition 
of a typical cutter muscle; a crusher muscle is completely sup- 
pressed. A detailed description of fibre types based on enzyme 
histochemistry in the lobster claw closer muscles has been pub- 
lished elsewhere’®. x18. 
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Configurations of paired claws 


Right cutter and 


Right crusher and 
— 4 left crusher left cutter 
yster chips 15 i4 
Mud 7 12 
| 13 7 
= Plastic chips 13 9 
- All substrate 48 42 
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-for each experimental condition 25% of the animals were tested 
“= histochemically (Tables 1, 2) and in each case the external claw 
type accurately reflected the fibre composition of its closer 
~ muscle. In other words, the cutter muscle consisted entirely of 
~ fast fibres except for some ventral slow fibres while the crusher 
-= possessed all slow fibres except for a central band of fast fibres 
(Fig. la, b). As the juvenile closer muscles were separated into 
these two distinct types, the external claw type served as a 
reliable indicator of the type of closer muscle within it. 
_ We began by repeating the original experiment’ in which 
lack of a substrate suppressed development of a crusher claw 
< and hence of slow fibres in 30% of the lobsters. In the original 
=> experiment juvenile lobsters were seen pinching the rubber 
< stoppers over the drain hole with their claws. To prevent this, 
we covered the rubber stopper with a plastic tube and now 
found that 97% of the lobsters failed to develop a crusher claw 
(Fig. 1, Table 1). This was significantly different from the control 
condition of raising lobsters with oyster chips as substrate, which 
produced 91% with dimorphic claws and only 9% with both 
cutter claws. The two dimorphic configurations appeared in 
approximately equal proportions. Clearly, the lack of oyster 
_ chips as a substrate prevented transformation of fast fibres to 
slow and differentiation of a crusher muscle. 
"To test that it was not any special properties of the oyster 
~.chips which was the determining factor but rather their physical 
_presence, we reared lobsters with mud, gravel and even plastic 
“chips as substrate (Table 1). In each case, the majority (78.5%) 
of lobsters grew dimorphic claws; a minority failed to grow a 
‘rusher claw. For each of the different substrate conditions, the 
claw configurations were not significantly different from the 
‘control condition. Consequently, the presence of a substrate, 
of any kind, as long as it could be manipulated, is necessary 
-for the differentiation of a crusher closer muscle. Furthermore, 
-in the dimorphic condition, the crusher claw appears with almost 
-equal probability on the right or left side, as shown when a 
tally is made of all substrate conditions (Table 1). This suggests 
that before the 4th and early 5th stage, each claw of a pair has 


For each condition the lobsters were reared individually from the 4th stage until the 9th stage or beyond, when the configuration. of the paite | 
claws was assessed visually in all lobsters and histochemically in a few lobsters to determine the fibre composition of their closer muscles. Th 
table lists the number of lobsters with each claw configuration, the total number reared and the number examined histochemically. With the oyster 
ips as the control condition, significance was assessed for each of the other substrate and no substrate conditions using the contingency x? tes tio 
A cumulative tally of the different substrate-reared lobsters is given under the ‘all substrate’ condition. NS, not significant. T 





No. oe l P 


Double Total no. 
cutter reared histochemically 

3 32 8 

3 22 5 NS 
2 22 5 NS 
1 23 8 NS 
9 99 26 i 

33 34 9 <0.001 










the potential for developing into a crusher but greater use of © 
one claw in the critical period is the determining factor. 

We therefore reared lobsters with oyster chips, but restricted ` 
the use of one of the claws to varying degrees. We arbitrarily 
chose to restrict use of the right claw while leaving the left one 
intact (Table 2). Keeping the claw immobilized in the closed 
position with a rubber band or cutting of most of its dactyl did 
not prevent differentiation of a crusher claw; the right, or 
restricted claw became a crusher as often as the left, or unrestric- 
ted claw. This suggests that use of the claw per se was not 
critical in the differentiation of the crusher claw but that possibly: 
some other minimal condition such as muscle activity was 
responsible. With neither immobilization nor dactylotomy is 
activity of the closer muscle prevented. 

Consequently, we attempted to reduce muscle activity using 
more drastic procedures such as deafferentation. This was done 
by painting either the entire claw or just the pollex and dactyl 
with a fast-drying lacquer. In the former case the dactyl usually 
remained in the closed position simply because the entire claw 
was painted whereas in the latter case it was free to open and 
close and was seen to do so. Both forms of deafferentation 
appeared at first glance to suppress differentiation of a crusher. 
claw (Table 2) because the majority of the right claws were. 
cutters. However, when tested statistically the number of right 
cutter claws in these two experimental groups was not 
significantly different from those in the control group. These 
forms of deafferentation with their consequent reduction in 
motor output were not sufficient to suppress development of a 
crusher claw and of slow fibres in the closer muscle. 

We therefore eliminated activity of the closer muscle by 
cutting its tendon where it attaches to the movable dactyl, 
thereby disconnecting the muscle. Tenotomy of the right closer 
muscle effectively inhibited the treated claw from becoming a. 
crusher compared with its untreated counterpart in the control- 
group (Table 2). As tenotomy has several effects on the closer. 
muscle, it is difficult to determine which particular effect sup-_ 
pressed transformation of fast to slow fibres. For instance,. 









Table 2 Form of the right claw—-whether cutter or crusher, when untreated or treated in various ways 





Right claw 
Crusher 
18 14 
9 11 


7 
4 
15 3 
3 
3 
5 










No. treated 
Total no. reared histochemically P 

32 8 

20 5 NS 

15 5 NS 

19 5 NS 

18 5 NS 

37 9 <0.001 

22 5 <0.02 
<0.02 


; experimental g group the right claw was manipulated i in the 4th and again in the Sth stage and reared to the Oth stage, when its form 
ally in all lobsters and histochemically in a few lobsters for determining muscle fibre er Significance was determined. 
rol and each of mg SADE conditions using ¢ the contingency x’ test. : 
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“algo eliminates its passive stretch and reduces the motor output 
I? the claw muscles by disrupting the proprioceptive feedback. 
- On the other hand, tenotomy of the opener muscle which is 
_an antagonist to the closer and is a small muscle occupying less 
10% of the claw muscle mass, also inhibited the treated 
om differentiating into a crusher (Table 2). Because this 
dure allows the closer muscle to maintain its passive 
h, it rules out the possibility that loss of this stretch when 
oser muscle was tenotomized suppressed the transforma- 
-of fast to slow fibres. Also, the relatively small size of the 
pener muscle would not seriously hinder contraction of the 
— massive closer muscle when the opener is tenotomized. It is far 
„more likely that tenotomy of the opener decreased motor output 
to the claw muscles because of reduction in proprioceptive 
“ feedback and sensory input from other sources. For example, 
some sensory nerve fibres from the dactyl run close to the 
insertion of the opener tendon and are presumably severed 
e tenotomy. Therefore, the failure to achieve some critical 
level of activity in fibres of the closer muscle prevents their 

~ transformation from fast to slow type. 

AS activity of the closer muscle is under the control of its 
“nerve supply, we attempted denervation as a means of eliminat- 
_ ing it without interfering with the muscle itself. This was done 
by destroying the anterior part of one side (right side) of the 
| ganglion in intact animals. The cell bodies of the excitor 
‘motoneurones to the claw closer and opener muscles are located 
in this region of the ganglion in adult lobsters”. It was possible 
to destroy a relatively small anterior region of the ganglion 
with a finely sharpened pin. The efficacy of this surgery was 
confirmed by noting the loss of reflex activity in the claws and 
the destruction of the anterior part of the ganglion in post- 
„mortem dissections of a few test lobsters. This form of denerva- 

I -tion had a dramatic effect in that most lobsters failed to develop 

a crusher on the treated side (Table 2). Eliminating motor 
activity to the closer muscle prevents its fast fibres from trans- 
_ forming to slow. 

Although denervation completely eliminates motor activity 
: "Yo the claw muscles, a reduction in activity such as with tenotomy 
«of the opener muscle is just as effective in inhibiting formation 
of a crusher claw. Other, less acute treatments such as painting 
the claw, immobilization or dactylotomy, however, did not 
suppress development of a crusher claw, suggesting that a 
minimal level of muscle activity is required for the formation 
of a crusher claw. Our results therefore show that the reduction 
or elimination of muscle activity prevents the transformation 
of fast fibres to slow during development of the claw closer 
L muscles in juvenile lobsters. Furthermore, the denervation 
_ experiments demonstrate the regulatory role of motoneurones 
in the differentiation of fibre types in lobster muscle. Such a 
ma role for motoneurones in maintaining and determining 
- fibre properties is well established for adult vertebrate muscle 
< but has not previously been demonstrated in invertebrates and 

_ during development. 
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Kainic acid simulates excitatory 
amino acid neurotransmitter 
release at presynaptic receptors 
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Kainic acid (KA), a conformationally restricted analogue of | 
glutamic acid, exhibits potent neuroexcitatory' and neurotoxic 
properties’. The mechanism of the neurotoxicity of KA, 
however, seems to be complex and indirect because in many 
brain areas neuronal vulnerability requires the integrity of 
excitatory afferents’. Nevertheless, neurophysiological studies 
indicate that the neuroexcitatory effects of KA in the mam- 
malian brain are direct’, We have now examined the effects of 

KA and other excitatory amino acids on the stimulation of | 

cyclic GMP formation in brain slices incubated in vitro as a 
method for monitoring their depolarizing effects’. We showin 


the adult mouse cerebellum that the ‘excitatory amino acid _ 
antagonist, D-a-aminoadipate (DAA)’, blocks the stimu- — 


lation of cyclic GMP produced by N-methyl-p,L-aspartate _ 
(NMDLA) but potentiates the effects of KA. Whereas KA 
causes a significart release of both aspartic (Asp) and glutamic _ 
(Glu) acids by a calcium-dependent process, NMDLA is 
without effect; furthermore, the effects of KA on Glu release 
are markedly reduced in cerebellum deficient in granule cells. 
KA also releases Glu and Asp from hippocampal and striatal 
slices, indicating that this response is not unique to the cerebel- 
lum. The results are consistent with evidence that KA has direct 
excitatory effects on neurones’ but suggest that. its potent 
neurotoxic action involves the activation of presynaptic. recep- 
tors on glutamatergic and aspartergic terminals, thereby releas 
ing Asp and Glu. | 
Male albino mice weighing 25-35 g (Blue Spruce. Farms) 
were used in all experiments. Some mice had been treated with 
methylazoxymethanol acetate (25 mg per kg) by intraperitoneal — 
injection on the day of birth; this causes a selective deletion of 
granule cells'®. Immediately after decapitation the brain was 
removed, and the cerebellum was rapidly isolated and sliced 
mechanically at 275 um at 2 °C before being placed in oxygen- 
ated Krebs~bicarbonate buffer. Histological analysis of the 
slices indicated preservation of the neuronal components in the 
conditions of slice preparation and incubation used. Th 
cerebellar slices were preincubated for 60 min at 37°C in 
Krebs-bicarbonate buffer constantly bubbled with O,-CO; 
(95:5), with three changes of buffer. Portions of the tissue. were 
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| Cyclic ¢ GMP formed 
Condition (% of control) 
glutamate (10 mM) 198 + 15 (9)* 
_N-methyl-p, L-aspa tate (0.5 mM) 159+ 10 (9)* 
N -methyl-D, L-aspartate (10 mM) 234+ 22 (4)* 
-æ -Kainic acid (0.1 mM) 156+ 15 (4)* 
_a-Kainic acid (0.5 mM) 163+9 (11)* 
D-a -aminoadipate (0.25 mM) 116+ 10 (22) 
_N-methyl-p, L-aspartate (0.5 mM) 
_ and D-a-aminoadipate (0.25 mM) 122 + 14 (9) 
~~ a+Kainic acid (0.5 mM) 
and D-a-aminoadipate (0.25 mM) 251423 (11)** 





_. Cerebellar slices prepared from adult mice were incubated in condi- 
-tions described in the text with the concentrations of amino acids 
indicated in parentheses and the amount of cyclic GMP formed was 
measured. The results are expressed in terms of per cent (+s.e.m.) of 
~~ the cyclic GMP levels in control slices incubated in parallel; basal cyclic 
=- GMP levels were 5§.4+0.5 pmol per mg protein (n = 33). Statistical 
- ‘gomparisons were made on the basis of absolute levels of cyclic GMP 
by ANOVA. 

~~ * P<0.001 versus control; + P < 0.02 versus kainate alone. 


then transferred to vials with 2 ml of fresh buffer containing 
the compounds of interest, and incubation was continued for 
. an additional 15 min. The reaction was terminated by brief 
centrifugation, the supernatant was removed, 1 ml of 0.05 M 
Tris-HCI buffer containing 0.5 mM EGTA was added, and the 
tissue was immediately boiled for 10 min at 100°C and then 
dispersed by sonication. The tissue extract was assayed for cyclic 
GMP content by the method of Steiner et al.'’. In some experi- 
ments, slices were perfused with oxygenated buffer and the 
fractions were collected as previously described’*, Amino acids 
in the medium were measured by HPLC fluorescent detection 
by the pre-column derivatization method of Hill et al.’’. 
Incubation of the cerebellar slices with 10 mM Glu or 10 mM 
NMDLA caused a doubling of cyclic GMP levels (Table 1). 
= Co-incubation of the slices with DAA (0.25 mM) blocked the 
-+ eyclic GMP formation induced by NMDLA (0.5 mM). Dose- 
response curves with KA indicated that maximal stimulation 
of cyclic GMP formation occurred at 0.1 mM, but this con- 
centration caused only a 60% increase in the cyclic GMP levels. 
However, the addition of DAA, which antagonizes the effects 
-of the granule cell excitatory neurotransmitter’, markedly 
potentiated the effects of KA on cyclic GMP formation. This 
observation raised the question of whether release of 
= endogenous excitatory amino acids in the presence of KA might 
be attenuating the cyclic GMP response by promoting the 
neurotoxic effects of KA. 
The possible influence of KA on excitatory neurotransmitter 
- release was evaluated by measuring the amount of endogenous 
amino acids released in the medium during drug exposure 
(Table 2). With KA (0.5 mM), the concentration of Asp in the 
medium increased to 233 +33% (+s.e.m.; P<0.001; n =6) of 
control and that of Glu increased to 304+33% (P<0.001) of 
control whereas the concentrations of glutamine, alanine, 
yrosine and taurine did not differ significantly from control. 
Jotably, y-aminobutyric acid (GABA) was not detected in the 
nedium in the presence or absence of KA. The net release of 
lu and Asp stimulated by KA was comparable with that found 
th a depolarizing concentration of potassium (40 mM). In 
st; neither NMDLA nor dihydro-KA (an analogue with 
ow affinity for KA receptors'*) significantly altered the con- 
entration of the Glu or glutamine in the medium. As dihydro- 
CA. is a more potent inhibitor of the sodium-dependent, high- 
ni ity zapiske g poe for ou than is KA, this result indi- 








| Shee of Glu ‘and pe caused by the 40 mM KCI meda 
horeas. tetrodotoxin did not antagonize the effects of KA. 


extracellular anoen taod of potassiuin,” a eported effect of = 
KA”. Nevertheless, incubation of the slices in calcium-free _ 
medium containing EGTA (1mM) markedly inhibited the © 
amount of Glu and Asp released by KA although basal release — 
was increased somewhat in this condition; thus, the KA-induced © 
release probably involved stimulus~secretion coupling. : 

To establish that KA was acting on a neuronal pool of Glu, 
we examined the effect of KA on Glu release from cerebellar — 
slices deficient in granule cells. Treatment of newborn mice 
with methylazoxymethanol acetate, a potent alkylating agent, 
causes a marked and selective depletion of the cerebellar . 
granule cells which are undergoing mitosis at the time’? I 
slices prepared from the granule cell-deficient adult mice, K 
(0.5 mM) did not cause a significant release of Glu (P > 0.10); © 
rather, the net release of Glu in the presence of KA was only 
38+ 14% of that observed in unlesioned cerebella from litter- 
mate controls (n =9). Thus, the granule cells, a reputed 
glutamatergic system'*'°, seem to be the primary source of Glu 
released by KA. However, KA did cause a significant release . 
of Asp (P <0.01; n =9) in the granulo-prival slices which was 
91% of the amount observed in controls; this is noteworthy 
because Asp seems to be a neurotransmitter of one of the 
climbing fibre systems*°, which are spared by the granule cell 
lesion” 

The presynaptic effects of KA on excitatory amino acid 
terminals were not limited to the cerebellum. In perfused slices. 
prepared from cerebellum, hippocampus and striatum, 1 mM 
KA significantly increased the efflux of Asp and Glu (Table 3). 
Notably, the ratio of Asp to Glu differed among the three 
regions, with a greater increase in the Asp than Glu efflux 
stimulated by KA in the hippocampus. As observed in cerebel- 
lum, KA did not cause a release of GABA nor did it affect the 
efflux of glutamine or alanine. Perfusion with Ca’*-free medium 
containing EGTA (1 mM) inhibited the KA efflux of Asp and 
Glu by > 80% (n =4; P<0.01) in the hippocampus. 

Results of these experiments suggest a resolution to the 
conundrum that KA has direct excitatory effects’ although its 
neurotoxic effects seem to be primarily indirect and require the 
functional integrity of excitatory inputs’®. The cerebellum 
offers a particularly favourable region for examining these 
interactions in vitro because the glutamatergic granule cell- 
parallel fibre system is intrinsic to the region. The present results 









Table 2 Release of endogenous glutamate and aspartate from 
cerebellar slices 


Net release (nmol per mg protein) 


Condition Glutamate Aspartate 
a-Kainic acid (0.5 mM) 2.04 + 0.33* 0.6140.15* 
Potassium (40 mM) 2.48 +0.02* 0.54+0.14* 
N-methyl-p, L-aspartate 1.02+0.50 NM 
(0.5 mM) 

a. ~Dihydrokainic acid (-—)0.03 + 0.09 0.01+0.14 
(0.5 mM) 

Tetrodotoxin (5 pM) 0.06+ 0.12 (—)0.19 + 0.07 

Potassium (40 pM) and 0.13+0.14 0.01+ 0.09 
tetrodotoxin (5 pM) 

a~-Kainic acid (0.5 mM) and 2.61+0.70* 1.49+ 0.28* 
tetrodotoxin (5 uM) 

a-Kainic acid (0.5 mM) and 0.59+0.32 0.36+0.19 


no Ca°** and EGTA (1 mM) 





Cerebellar slices prepared from adult mice were incubated in the 
conditions described in the text with the concentrations of drugs indi- 
cated in parentheses. The results are expressed in terms of the net 
amount of amino acids released into the medium in the presence of 
drug compared with control slices incubated in parallel. Values are the- 
meants.e.m. of five or more preparations. In no condition did the | 
levels of Gin differ significantly from control. NM, not measurable due 
to interference of N-methyl-p, L-aspartate in medium. i 

*P<0.01 versus control by Student’ s f-test. 





| a able 3 Effects of kainic acid on the efflux of aspartate and glutamate 
i from perfused slices of mouse brain regions 










Aspartate Glutamate 
ior (% of baseline) 
hu 440+ 79* 963 + 205* 
campus 1,000 + 280* 724+ 57* 
us striatum 177 +447 355 +66" 








diately after decapitation, the relevant brain regions of the mice 
solated by dissection at 4°C and placed in ice-cold oxygenated 
ebs-bicarbonate buffer. The tissue blocks were then sectioned at 
275 um. After rinsing in Krebs buffer, the slices were transferred to 
< syringe holders and supported on a bed of Sephadex G-10 (~15 mg 
wet weight tissue per chamber). The chambers were individually per- 
_ fused at a rate of 0.5 mi min” ' with oxygenated Krebs buffer maintained 
at 37°C in a Haake constant temperature circulator. After 60 min of 
. perfusion, spontaneous release of endogenous amino acids stabilized 
» ata constant low rate. Three 3-min samples were collected for baseline 
aues, then buffer containing 1 mM KA was substituted and three 
» 3-min samples were collected for measurement of endogenous amino 
acid in the buffer by the HPLC method. The results are the mean +s.e.m. 
X ~G 4-8 separate preparations, 
== =P <0.01 versus baseline; + P<0.05 versus baseline. 


-demonstrate that the activation of guanylate cyclase in cerebel- 

-lar slices by KA is significantly enhanced by DAA, which 

-antagonizes the effects of NMDLA. The potentiating effect of 
DAA on KA is compatible with the interpretation that the 
stimulation of KA receptors combined with the release of 
endogenous excitatory amino acids has direct neurotoxic effects 
in the cerebella Purkinje cells, thereby attenuating the cyclic 
-GMP response. This interpretation is consistent with the con- 
clusions of Foster and Roberts”, who described cooperative 
-qnteractions between exogenous ‘excitatory amino acids and 
 ¥ainate on cyclic GMP stimulation in cerebellar slices prepared 
; from 8-day-old rats. However, our study demonstrates, for the 
first time, the existence of presynaptic receptors for KA on the 
excitatory terminals. 

_In support of this hypothesis, Nicklas et al.” have previously 
demonstrated that KA alone profoundly depresses ATP levels 
in cerebellar slices, indicative of neurotoxicity’. Furthermore, 
KA stimulates the release of both Glu and Asp in a calcium- 
dependent, tetrodotoxin-insensitive manner consistent with its 
action at a presynaptic receptor on parallel fibre and climbing 
fibre terminals. Ligand binding studies have demonstrated a 
Ae presynaptic localization of the specific binding sites for 

H-KA on the granule cells as these sites are reduced by 40% 
“in the granule cell-deficient cerebellum’®. Axonal receptors for 

~ -KA on dorsal root fibres have also been described by neurophy- 
» siological methods”. In conclusion, KA seems to act at two 
__ sites, one postsynaptic, which accounts for its direct excitatory 
- effects, and the other presynaptic on glutamatergic and aspar- 
> tergic terminals, which causes release of these excitatory amino 
„acids and may enhance its neurotoxic effects. 

-This research was supported by USPHS grants NS-13584, 
~ MH-26654, DA-00266, USPHS postdoctoral fellowship NS- 
_ 06798 to J.W.F. and RSDA IT MH-00125 to J.T.C. 
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Although the benzodiazepines have been extensively investi- : 
gated since their discovery about 20 years ago’, only recently 
have antagonists of the classical actions of benzodiazepines 
been described’. We have now discovered a class of benzo- _ 
diazepines which have lost ail affinity for benzodiazepine bind- _ 
ing sites but which have moderate to high affinity for opiate _ 
receptors. Depending on the substituents introduced, it is poss- 
ible to obtain compounds with selective actions on p, ô ande 
subpopulations of opiate receptors. The compounds areo 
effective analgesics in various animal models of pain, exhibit 
an opioid activity spectrum in various test systems, and show 
none of the typical effects of minor tranquillizers. Here we 
report that 1-methyl-2(3-thienylcarbonyl)-aminomethyl-5-(2- 
fluorophenyl)-H -2,3-dihydro-1,4-benzodiazepine | (KCS103; : 
tifluadom), acts selectively on opiate «-receptors. Pe 
It has been believed previously that 1,4- benzodiazepines are 
a unique class of anxiolytic, anticonvulsant and sedative drugs — 
belonging to the group of minor tranquillizers and indeed the | 
recently described antagonist Ro 15-1788 (ref. 2) is specific 
for these actions on the central nervous system (CNS). It is well. 
established that most of these clinically active substances bind 
with high affinity to specific benzodiazepine binding sites inthe _ 
brain and probably exert their specific effects by modulation - 
of neuronal transmission of y- aminobutyric acid (GABA). i 
We have studied benzodiazepines having an alkyl group at 
position 2, in particular the effect that various changes to this - 
alkyl group” have on the affinities of these compounds for CNS _ 
receptors*. We synthesized the 2-methoxymethy! derivative _ 
metaclazepam (patent DE-PS 250937; ref. 5), which is a clini- 
cally effective anxiolytic’ although having only low affinity for 
benzodiazepine receptors. As an extension of this work we 
developed 2-acylaminomethyl-1, ,4-benzodiazepines _ W 
variety of substituents on the phenyl rings and in the side cha 
(patent DE-OS 2952279: ref. 7). Such compounds are effective | 
in the hot-plate test in mice but this analgesia is not typical. of 
the muscle-relaxant pseudoanalgesia shown by diazepam“ 5 
rather the compounds exhibit affinity for opiate receptors and 
have lost their affinity for benzodiazepine binding sites. 
In comparative binding studies on rat brain homogenates, 
tifluadom (Fig. 1) displaces *H-naloxone from its binding sites 
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ICso (nM) 


1446 (0.87) 
3504 170 (0.55) 
22+12 (0.85) 
0.75+0.5 (0.95) 


3 Substance a 


“Tifluadom | 
. Morphine 
` Ketazocine . 
























































$ Crude guinea pig membrane homogenates (minus cerebellum) were 
“prepared essentially as described elsewhere'®. °H-(—)bremazocine 
(0.5 nM) was incubated with membrane homogenates (17 mg per g 
wet weight per assay tube) for 40min at ambient temperature in 
Tris-HCl buffer (50 mM, pH 7.4), filtered through Whatman GF/B 
glass fibre filters and washed twice with ice-cold assay buffer. All 
‘incubations were done in triplicate, and nonspecific binding was 
‘determined in the presence of 0.1 yM bremazocine. ICsq values were 
calculated by appropriately weighted regression analysis (at least four 
fo enmatons per decade); Hill coefficients are given in parentheses. 


with an ICs (50% inhibitory concentration) of 12 nM and has 
‘no effect on °H-flunitrazepam binding in concentrations up to 
1M. In contrast, diazepam has no affinity for naloxone sites 
_-and displaces 3H-flunitraze epam with an ICs, of 15 nM. In the 
- -arthritis pain test in the rat”, a model of chronic pain processes 
>in which classical benzodiazepines are known to give false 
positive reactions, tifluadom is effective with a 50% effective 
dose (ED;,) of 11 mg per kg orally (p.o.) and this action is 
> partially reversed by pretreatment with 10 mg per kg naloxone 
‘subcutaneously (s.c.) but not by doses of up to 32 mg per kg 
- intraperitoneally (i.p.) of the benzodiazepine antagonist Ro 
15-1788. In the same test, diazepam is effective at a dose of 
6mg per kg p.o. and its action is readily abolished by Ro 
15-1788 at 32 mg per kg i.p. but not by 10 mg per kg s.c. of 
naloxone. We conclude that tifluadom is an opiate analgesic 
with none of the actions typical of benzodiazepines. 
Receptor binding studies with the universal opiate ligand 
7H-(—)bremazocine on guinea pig brain homogenates, a tissue 
preparation particularly rich in «- and 6-opiate receptors’”, 
suggested no particular preference for « sites compared with 
‘u and & binding sites. Pharmacological evidence, however, 
ae suggested a preference for «-receptors, therefore we performed 
-comparative studies with the classical u -agonist morphine, the 
-prototypic «-agonist ketazocine, tifluadom, and the highly 
"potent x -agonist bremazocine’’ (see Table 1). Table 2 summar- 
izes the results obtained in electrically- stimulated isolated 
organs. The rabbit vas deferens (RVD) is unusually specific in 
its sensitivity to K -agonists’” 1. Table 3 shows the effects of the 
four compounds in the mouse tail flick test'* and the reversal 
of these effects by the u -antagonist naloxone and the putative 
k-agonist Mr 2266 (ref. 15). 
_ It is clear from these results that tifluadom is an effective 
opioid analgesic with a preference for opiate «-receptors. In 





Table 2 Effects on electrically-stimulated guinea pig myenteric plexus- 
2 tongaa muscle preparation, and mouse and rabbit vasa deferentia 





Potency ratio 


ICs (nM) (normorphine = 1) 
GPI MVD RVD GPI MVD. 
uadom 1.7 2.6 4.9 234 43 
orphine -238 159 >10,000 0.9 0.8 
tāzocine 4.7 19.3 54 62 10.1 
emazocine 0.25 0.5 6.4 1403 453 


: GPI, guinea pig myenteric pe scone muscle preparation; 
AVD, mouse vasa deferentia”; RVD, rabbit vasa deferentia”. The 
o is defined as the concentration required to produce 50% inhibition 
h E APENT NE electrically induced twitch response in each 

We aaa are the means of several ake GPI 





KA Emen Poo 











by nalo ee 
EDan h i l E i “AD. W 
{mg per kg naloxone Mr 2266 | 
Test substance se, 30 min} img per kg iv.) (mg per kg i.v: a 
Tifluadom 1.1 {0.5-2.4} 0.56 (0.31-1.02) 0.19 (0.08-0.45) 
Morphine 3.0 (2.7-4.5) 0.005 (0.002-0.009) 0.08 (0.039--0,16) 
Ketazocine 0,3* (0.1-0.5) 0.07 (0.03-0.1) 0.04 (0.02-0.08) ~~ 
Bremazocine 0.7 (0.3-~1.4} ~3,2 0.46 (0.24-0.87) 





The ED oP = 0. 05) j is defined as the dose that prolonged the reaction time in 
seconds by >75% in half of the mice. The AD, (P = 0.05) is defined as the 
dose (intravenous, i.v.) of the antagonist needed to reduce by 50% the analgesic. 
effect of equi-active doses (EDgo) of the agonists. The antagonist was injected 
15 min after the agonists (ketazocine, 7 min); readings were made 15 min later . 
(ketazocine, 8 min); 5~10 animals were used per dose. Figures in parentheses: y 
indicate 95%. confidence limits. hast 

* 15 min. 


keeping with these findings, the compound produces no respira~ 
tory depression in rats, is not self- applied by rhesus monkeys, 
and after programmed administration in the same species does 
not give rise to opiate withdrawal symptoms on cessation of 
treatment or after naloxone challenge. The existence of this : 
new class of opioids suggests exciting possibilities for the study 
of opiate receptor subpopulations. 
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The nucleotide sequences of the intercistronic regions from 
several multicistronic operons have recently been determined. 
In many cases such intercistronic regions consist of only a few 
base pairs (bp); in certain extreme cases, where the initiation 
codon of one gene overlaps the termination codon of the 
previous gene, intercistronic regions are essentially absent’”. 
However, in other cases intercistronic regions can be up to 
several hundred base pairs long; it seems reasonable to suppose 
that, at least in these cases, such regions have a role in regulating 
expression of the operon. Indeed, a regulatory function for the. 
large intercistronic region of the rplJL-rpoBC operon has been. 
demonstrated’, We have now identified a genetic element, | 
common to intercistronic pegon from three mapene ; 
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distal gene exists. Each of these elements consists of 
yad symmetry which, once transcribed, could form an 
nally stable stem-loop. structure with a stem of up to 
S bp. In each case smaller palindromic units are also found, 
me of which overlap the main symmetry. ‘The stem-loop 
structures show remarkable homology (---90%) and probably 
have a common evolutionary origin, possibly an insertion ele- 
ment. It seems that the function of these structures is to effect 
 Adlecrease in expression of distal genes in an operon. 

The histidine transport operon of S. typhimurium consists of 
four cistrons, coordinatel ly transcribed from a single promoter 
_ (gee accompanying letter*). Between the first two genes of this 
operon, AisJ (encoding the periplasmic histidine-binding pro- 
- tein) and hisQ (encoding a membrane-bound protein), there is 
_ an intercistronic region of 183 bp. An exceptionally long dyad 

_ symmetry (32 bases in each arm of the repeat) is evident within 


















- stem-loop structure (AG = —54.4 kcal mol™')’ (Fig. ta). The 
- hisG-hisD intercistronic region of the histidine biosynthetic 
operon of S. typhimurium also contains a long dyad symmetry 
(Fig. 1c) which shows remarkable sequence homology with the 
dyad symmetry in the AisJ-hisQ intergenic region. A third 
‘example of this long intercistronic dyad symmetry is found in 
the malK~lamB operon of E. coli® (Fig. 1e) and again, it is 
almost identical in sequence to the two examples described 
| above. This third example lies between lamB (encoding the A 





~ 879 


hisG TGATCTGA oie 
TE 


830 


Rie hiso 


rial operons (the a Salmo ge hed the histidine ; à receptor) and nial: a gene oe funetion | is unkno 


hisJ-hisQ and hisG-hisD show 90% homology (42/ 47b 


is region which, once transcribed, could form a very stable- 


neo alongside the major structure which ively). The o. of the alternative symmetry. Bases identical i in all three s ats 
bored, Nucleotide sequences and base numberings are from ref. 4 t (hist his), rel. 6 (lamB-molA) or unputitished. dat 
© WB. . (GAED), 







no obvious promoter or terminator is found between lam: 
molA it is reasonable to assume that these two genes form. pa 
of the same operon. A further example of this long dya 
symmetry is found immediately following the trpR gene of E. 
coli’*, However, in this case it is not known whether the region 
is intercistronic (that is, whether a distally located gene exist: 
and is co-transcribed with trpR) or whether it marks the end 
of a transcription unit. 

The remarkable homology between these dyad symmetr i 
is shown in Fig. 2. For example, the long dyad symmetries 
































a comparably high level of homology is evident. whi 
combination of regions is compared. Interestingly, the loops 
these potential stem~loop structures show no signifi 
homology. 

Detailed analysis of sequences in and around these long dyad 
symmetries shows the presence of several copies of a smaller 
palindromic unit (Figs 2, 3). A computer search of sequence 
data banks did not reveal further copies of this unit at any other 
locus. These smaller palindromic units are not completely sym- 
metrical (Fig. 3) and consecutive copies are always in opposite 
orientations. Thus, once transcribed, stem-loop. structures 
could not only be formed within each unit (Fig. 16,.d, f); but 
could also form between units, giving rise to a variety of larger, © 
secondary structures. Indeed, the intercistronic elements (long. 
dyad symmetries) described above are the result of just such — 
base-pairing between two of these smaller palindromic units.” 
Thus, stem-loop structures, some of which are mutually exclus- 
ive with the intercistronic element, can be formed; such struc- 
tures may or may not be functionally significant. Interestingly, | 
the attenuator of the rplJL-rpoBC operon’ also shows consider- : 
able homology with this smaller palindromic unit. pe aS 
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_ What is the function of the intercistronic elements? Because 
of their location, we postulate that they are responsible for the 
_ lowered expression of distally located genes in a multicistronic 
operon. In the histidine transport operon, hisJ is expressed 
about 10 times more efficiently than hisQ*. Similarly, in the 
histidine biosynthetic operon, the dyad symmetry is found 
between two genes expressed to different extents: AisG is 
_ ‘expressed at about three times the level of the distal hisD gene’. 
het Unfortunately, in the malK-lamB operon the relative levels 
<< Sof expression of lamB and molA are unknown, although the 
es lamB protein is known to be expressed at very high levels. It 
seems unlikely that regulation by these elements operates at a 
-= translational level: they are clearly separated from the ribo- 
, /some-binding sites of the genes immediately downstream and 
“bear no constant spatial relationship to the translation initiation 
codon. Indeed, evidence that regulation is transcriptional, 
rather than translational, has been obtained in studies of 8- 
galactosidase production in strains carrying fusions of lacZ to 
hisJ and hisQ (M. Stern, C. F. H. and G. F.-L. A., in prepar- 
ation). The elements might either cause premature termination 
- Of transcription, or they might serve as a processing site in the 
“message after transcription. It is known that RNase III can 
‘cleave certain large stem-loop structures in mRNA‘ and it 
has been ,Postulated that in doing so it regulates gene 
expression’. Perhaps, after RNase III cleavage, the distal por- 
tion of the message is rapidly degraded. It is also possible that 
< these elements serve to protect long untranslated intercistronic 
=< regions from degradation, thus affecting the expression of dis- 
tally located genes. 
What is the origin of these elements? It seems unlikely that 
these homologous sequences have arisen independently to allow 
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the. intetcistronic elements are. aligned for maximum homology: 
Arrows above the sequence indicate regions of dyad symmetry. 
dicated in Fi ot, these Deauences with respect to each other is 




















3 "Sequences per obtained as described i in Figs i and 2. 
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Fig. 2 Alignment of intercistronic regions. The hisJ-hisQ, hisG-hisD and lamB-molA intercistronic regions together with sequences 

; immediately following the tpR gene are aligned for homology. Shaded bases indicate significant homologies between the sequences, — 

` corresponding to the consensus sequence for the smaller palindromic unit (Fig. 3). A dot in the sequences indicates the absence of a base. 
_ Arrows above the sequences indicate the position of the long dyad symmetry (intercistronic element) discussed in the text. The shorter arrows 
-above and below each sequence indicate the position of the smaller palindromic units. The homologous sequence 5’ to each of these smaller — ~ 
K "palindromic units (see Fig. 3) is indicated by a series of dots following the arrows. Nucleotide sequences were obtained and are numbered. p 
a as described in Fig. 1 legend or were taken from refs 7 and 8 (irpR). j 
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specific interactions with a common nucleic acid sequence or 
protein: sufficient specificity could be imparted by very much , 
shorter sequences. More probably, the extensive homology 
reflects a common evolutionary origin. It is interesting to specu- 
late that these intergenic regulatory elements may have arisen 
from insertion sequence-like elements, that is, ‘regulatory 
building blocks’, becoming fixed at locations in which they 
provide a selective advantage. The lack of a short direct repeat 
on either side of the regulatory elements, typical of insertion 
sequences’*, may be a result of mutational fixation of the- 
element at these specific locations. Note, however, that these 
intergenic regulatory elements show no homology with known 
insertion elements of E. coli”, 

Although we have identified three of these stem-loop struc- 
tures in operons whose nucleotide sequences have been partially . 
or completely determined, two lines of evidence indicate that — 
very similar, if not identical, structures also occur at several 
other locations on the chromosome, presumably in other inter- 
cistronic regions where a step-down in expression of distal genes 
occurs. First, chromosomal rearrangements involving the his- 
tidine biosynthetic operon oe have one end point within 
the hisG-hisD intergenic region’’. It has previously been 
suggested that such recA-dependent rearrangements involve 
recombination with homologous sequences elsewhere on the 
chromosome’. Second, we have observed" that a clone of the 
histidine transport operon of S. typhimurium hybridizes with a 
number of fragments from a total chromosomal digest, in addi- 
tion to those fragments which cover the transport operon itself. 
This may be due to hybridization with homologous sequences +» 
dispersed throughout the chromosome. The precise number | 
and location of these additional elements remain to be deter- 
mined. 
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The centriolar region is a complex structural entity comprising 
not only centrioles, but also an abundance of associated elec- 
tron-dense material identified at present only at the ultrastruc- 
tural level’*. It is known to contain initiation sites necessary 
for the assembly of both cytoplasmic and spindle microtubules. 
Basal bodies, which are structurally related to centrioles, con- 
tain the template and serve as initiation sites for the assembly 
of other microtubule-containing structures, such as the 
~ axonemes of cilia and flagella. Immunoglobulins in the sera of 
some apparently normal rabbits have the ability to bind 
specifically to centrioles and basal bodies, and have allowed 
the distribution of these structures to be localized at the light 
microscope level by immunofluorescence*~. The identity of the 
molecule(s) detected by these sera in the centriolar region is 
unknown, although it is not tubulin, the major identified protein 
of centrioles*. We describe here the identification of a protein 
recognized by the immunoglobulins in some normal rabbit sera, 
of approximate molecular weight (MW) 50,000 in both basal 
bodies isolated from Tetrahymena pyriformis and in extracts 
of chicken tracheal epithelial cells. 
When a monolayer of mammalian cells is stained with one 

Jof these sera the centrioles are strongly labelled and their 
position in cells can be readily identified*. The staining of 
centrioles is not species-specific and can be seen in basal bodies 
and centrioles in a wide variety of species including protozoans 
such as Tetrahymena (Fig. la). When cells are treated with 
0.5% Triton X-100 before fixation, the immunofluorescence 
staining of centrioles and basal bodies by these normal sera is 
abolished, suggesting that the centriolar antigen(s) is loosely 
bound to the centriole. Because it would be advantageous to 
use Triton X-100 to disrupt membranes and thus isolate the 
basal bodies from the pellicles of Tetrahymena, the basal body 
Staining was stabilized by using EDTA (see Fig. 16), a method 
previously used to stabilize the basal bodies in 
Chlamydomonas’. 

- A preparation enriched in basal bodies and retaining the 
centriolar antigen was made by breaking deciliated cells by 
vortex agitation in Triton X-100 containing 10 mM EDTA, 
pH 6.8, and separating the basal bodies from the cells and 
cellular debris by differential centrifugation (Fig. 2). Basal 
bodies were further purified by centrifugation on a discon- 
tinuous sucrose gradient. When basal bodies prepared in this 
way were stained for immunofluorescence with centriole- 
specific sera, the presence of the reacting antigen was clear. 
The protein components of the isolated basal bodies were then 
examined by SDS-polyacrylamide gel electrophoresis (SDS- 
PAGE). Numerous bands could be seen, including prominent 
ones at positions corresponding to molecular weights of 30- 
35,000, 45-47,000 and 55,000 and numerous less abundant 
ones at higher molecular weight (Fig. 2a). The band at about 
55,000 apparently corresponded to tubulin, as it had the same 
electrophoretic mobility as the phosphocellulose-purified pig 

` brain tubulin that was co-electrophoresed in a companion slot. 
This identity was confirmed by immunoautoradiography of 
nitrocellulose’ sheets with antibody against pig brain tubulin. 

To identify conclusively the antigen in the basal bodies which 
is responsible for the staining of the centrioles, we used the 
same electrophoretic blotting procedure. The basal body pro- 
teins were separated by SDS-PAGE (Fig. 2a) and elec- 
trophoretically transferred onto a nitrocellulose sheet (Fig. 2b). 
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Fig. 1 Immunofluorescence micrograph showing typical basal body stain- 
ing of isolated Tetrahymena pellicles by normal rabbit sera before (a) and 
after treatment with Triton X-100 + EDTA (b) stained with the same serum. 
Mass cultures of T. pyriformis strain GL cells were grown at 28°C for 
18-21 h in 6-1 Erlenmeyer flasks, each with 1 | of culture medium containing 
2% w/v protease peptone (Difco), 0.1% w/v liver extract L (US Bio- 
chemical), Cells were collected by centrifugation, and deciliated according 
to the procedure of Bird and Zimmerman’”, Pellicles were isolated accord- 
ing to ref. 11. For immunofluorescence, purified pellicles were allowed to 
settle onto poly-L-lysine (Sigma, 0.1% w/v)-coated coverslips; they were 
fixed in methanol at —20 °C for 4 min, washed in phosphate-buffered saline 
(PBS) and then processed for indirect immunofluorescence (see below). For 
extraction, pellicles on poly-t-lysine-coated coverslips were fixed in freshly 
prepared 3% paraformaldehyde (Fisher) in PBS. The coverslips were then 
extracted in 1% Triton X-100 (Sigma)-containing 10 mM EDTA (Fisher) 
pH 6.8, for 5 min at room temperature and washed in PBS. They were then 
processed for indirect immunofluorescence. Standard indirect immuno- 
fluorescence: the coverslips after fixation were washed briefly in PBS, then 
incubated with normal rabbit serum (1:20 dilution in PBS) for 
30 min at room temperature in a humidified chamber. The coverslips were 
then washed three times with PBS for 10 min and incubated for 30 min 
with fluorescein-labelled goat IgG against rabbit IgG (FITC-GAR, Hyland, 
diluted 1:5 in PBS) which was preabsorbed with T. pyriformis acetone 
powder. Finally, coverslips were washed three further times with PBS for 
10 min. Coverslips were mounted in 50% glycerol in PBS, pH 7.8. The 
preparations were viewed with a Zeiss Photomicroscope-II equipped with 
epifluorescent illumination. Pictures were taken using Ilford FP-4 film. 
a, b, 1,080. 


The sheets were then treated with several different centriole- 
positive normal rabbit sera and autoradiographed. With all the 
sera, one band could be readily detected in the autoradiographs 
(Fig. 2c) which, by comparison with marker molecules, corres- 
ponded to a molecular weight of 50,000 (Fig. 2). The band was 
not labelled with antisera to tubulin or with normal sera lacking 
specificity for centrioles (Fig. 2c), indicating that these sera did 
not contain any immunoglobulin against the 50,000-MW basal® 
body protein. Treatment of the nitrocellulose sheets with '**I- 
labelled protein A alone showed no binding between the 
























































































: ids his staining was 18 clearly not dae to the cbniviole-aseoel: 
ed protein, as in companion gel slots the bands recognized 
by tubulin antisera and centriole sera were different. This was 
demonstrated further by labelling a nitrocellulose sheet contain- 
ing basal body proteins simultaneously with both centriole- 
specific normal serum and tubulin-specific immune serum. This 
_ procedure clearly distinguished the tubulin band from the lower 
~molecular weight (50,000) protein recognized by the centriole- 
-specific serum (Fig. 2). Non-centriole-staining normal rabbit 
sera did not label any bands in these basal body extracts (not 
_ shown). 
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Fig. 2 Immunoelectrophoretic detection of the centriole-associated pro- 
tein. a, SDS-PAGE stained with Coomassie blue. Lane 1, molecular weight 
standards phosphorylase b (92,000), bovine serum albumin (66,000), oval- 
bumin (45,000; Bio-Rad) and pig brain tubulin (57,000 and 55,000); 2, 
pig brain tubulin; 3, basal body-enriched fraction from T. pyriformis. b, 
Nitrocellulose sheet corresponding to gel in a after electrophoretic protein 
transfer and amido black staining. c, lmmunoautoradiogram from nitrocel- 
lulose sheets labelled with antibodies and ‘**I-protein A. Lane 1, pig brain 
tubulin labelled with rabbit antiserum (1: 750) to pig brain tubulin; 2, basal 
body-enriched fraction labelled with rabbit antiserum (1: 500) to pig brain 
tubulin; 3, basal body-enriched fraction labelled simultaneously with rabbit 
antiserum (1:500) to pig brain tubulin and with centriole-staining rabbit 
serum CT-2 (1; 500); 4, basal body-enriched faction labelled with centriole- 
staining rabbit serum HMW-3 (1:200). To isolate fractions enriched in 
basal bodies, deciliated cells were washed twice with fresh medium and 
broken in 1% Triton X-100 containing 10mM EDTA, pH 6.8, by vortex 
agitation for 30 s. Unbroken cells and large debris were removed by centri- 
. fugation at 4,000g (Sorvall HB-4 rotor) at 4 °C, for 10 min. The supernatant 
was further centrifuged at 8,000g for 10 min at 4 °C. Finally, basal bodies 
were pelleted by centrifugation at 12,000g for 30 min at 4°C. This pellet 
-is called the basal body-enriched fraction. In some experiments, the above 
pellet was run on a discontinuous sucrose gradient for further purification 
of basal bodies. For sucrose gradients, the basal body-enriched pellet was 
suspended in 1 ml of a 5% sucrose solution and was layered on a 
0.7:1.2:1.7 M sucrose gradient (10 ml each) and centrifuged at 4,000g for 
1.5 h using a Sorvall HB-4 swinging bucket rotor at 4 °C. The band contain- 
ing the basal bodies was at the 1.2: 1.7 M interface. This band was removed 
carefully and diluted with distilled water. The basal bodies were pelleted 
by centrifugation at 12,000g for 30 min at 4°C. Basal body proteins were 
separated by SDS-PAGE using the buffer system of Laemmli’. The 
samples were electrophoresed at a constant current of 30 mA, using a 
Bio-Rad slab gel apparatus model 220. A 3% stacking gel and 8% resolving 
. gel were used. Basal body proteins were transferred to nitrocellulose sheets 
> ag described in ref. 7, and antigens were detected using 51 .protein A. 
_. Briefly, the nitrocellulose sheets were saturated with 3% bovine serum 
-albumin (BSA, Fraction V, Sigma) in 10 mM Tris-buffered saline (TBS), 
pH 7.4 by incubating for 1 h at 37°C. Sheets were then washed with TBS 
at room-temperature and incubated for 24 h with rabbit sera in TBS buffer 
ntaining 3% BSA. The nirocellulose sheets were washed for 1h with 
TRS and incubated for 3h with '**I-protein A in TBS buffer containing 
% BSA; The nitrocellulose sheets were then washed in TBS containing 
1% Tween 20.(Sigma) and dried in air. The blots were exposed to Kodak 
K-Omat XAR-5 film with an intensifying screen (Dupont) at ~70°C. 
: Protein. A was iodinated. at. room temperature for 15 min in a reaction 
5: mixture (30 yl) containing 100 xg protein A (Pharmacia), 0.5 mCi carrier- 
free NaI (Amersham), 2.5 wg chloramine-T (Kodak), 5 pl dimethyl 
sulphoxide (Fisher). The reaction was stopped by addition of 5 ug of sodium 
“mietabisulphite. (Sigma). The labelled protein and unreacted "257 were 
: separated on Sephadex G-25. The radioactively labelled protein A was 
E rechromätographed on Sephadex G-25. Pig brain tubulin was purified as 
`- described’*. The tubulin antiserum used in these studies was prepared 
oe against electrophoretically purified tubulin isolated from pig brain as pre- 
| viously described’. 
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Fig. 3 Immunoelectrophoretic detection of the centriole-associated- pro- ee 
tein in ciliated chicken trachea cell extracts. Lane 1, nitrocellulose sheet. > 
with basal body-enriched fraction as in Fig. 26, lane 2. Lane 2, | 
immunoautoradiogram corresponding to lane 1 but labelled with a centriole- . 
staining serum CT-2 (1:200) and '**I-protein A. Lane 3, SDS-PAGE of 
Triton X-100 extract of ciliated cells from chicken trachea. Lane 4, nitrocel- 
lulose sheet corresponding to gel in lane 3 after electrophoretic protein 
transfer and amido black staining. Lane 5, immunoautoradiogram corres- 
ponding to lane 4 with nitrocellulose sheet labelled with centriole-staining 
rabbit serum CT-2 (1:200). Lane 6, molecular weight standards (see Fig. 
2 legend). Ciliated cells were isolated from adult chicken trachea, obtained 
from a local abbatoir, as described previously’. Briefly, the tracheae were 
rinsed with PBS and cut open at the midline. The tracheal epithelium was 
removed by gently scraping with a glass coverslip. Cells were collected by 
centrifugation at 4,000g (Sorvall HB-4 rotor} at 4°C for 10 min and 
extracted with Triton X-100 (Sigma) for 10 min. Cellular debris was 
removed by centrifugation at 12,000g for 10 min at 4°C. The supernatant 
was used in identification of the centriole-associated protein. The samples 
were electrophoresed and incubated as for Fig. 2. 


Since the centriole-specific sera were known to label cells 
from diverse species of higher organisms, it was of interest to 
determine whether or not the same or a similar 50,000-MW 
protein could be detected in the centriolar structures in any of 
these organisms. Thus ciliated cells from chicken trachea were 
treated with Triton X-100, as the centriole staining of these 
cells was known to be lost by Triton X-100 extraction. When 
the detergent extracts of the ciliated cells were used for 
immunoautoradiography, the centriole serum specifically 
labelled a band corresponding to MW 50,000 which co- 
migrated with the antigenicity detected in basal body prepara- 
tions (Fig. 3). 

These results show that certain centriole-staining normal 
rabbit sera have IgG molecules directed against a protein with 
a mobility on SDS-PAGE corresponding to a MW of ~50,000. 
Similar IgGs are absent from sera which do not stain centrioles, 
or stain only the tubulin-containing component of centrioles. 

The function—whether enzymatic or structural—of the 
50,000-MW protein is unknown. However, it, or a very similar 
protein, seems to be present in centrioles and basal bodies of 
diverse cell types and organisms ranging from protozoa to 
mammals, suggesting that it has been conserved and may be 
functionally important. Recently, two other polypeptides (of. 
MW 14,000 and 17,000) have been localized at the centriolar: 
region using other preimmune or immune sera’. The use of. 
these, and perhaps other, sera, as well as precise biochemical 
analyses (for example, ref. 9), may help to decipher important 
constituents of these complex structures which have not pre- 
viously been defined. Finally, it would also be of interest to 
determine whether the ability to make these antibodies to 
centriolar proteins is genetically inherited or whether they are 
produced by the rabbits as a result of infection by basal body- 
containing microorganisms, or as a result of an immune 
response to centrioles, basal bodies or their constituents 
released by dying cells into the circulation. 

We thank Dr A. Zimmerman for providing T. pyriformis 
strain GL. This work was supported by grant MT-3302 from 
the MRC of Canada to V.I.K. 
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ycoplasma pneumoniae adhesin 


A hybridoma cell line was isolated according to the hybridiz- 


C lized to tip ation protocol described elsewhere’. Briefly, 6-week-old — 
T rt cture by monoclonal antibody BALB/ c mice were injected intraperitoneally with 0.5 ml of a 
aS M. pneumoniae (strain FH) cell sus»ension (1 mg ml") in phos- 
J. Feldner, U. Gobel & W. Bredt phate-buffered saline (PBS) pH 7.2. The injections were 
Institute for General Hygiene and Bacteriology, Center for Hygiene, repeated four times at 2-week intervals. Mice were killed 3 
University of Freiburg, D-7800 Freiburg, FRG days after the final injection, and their spleens removed. Lym- 
PENS EEEE AA ae PEE ee Re Ae ee phocytes were fused with Sp 2/0 myeloma cellis'* and 


macrophages were used as feeder cells. The hybridoma clones 


several peculiar properties: despite its diminutive size’ it were screened after 10 days for adherence-inhibiting properties 
possesses a specialized tip structure’; it is motile and glides by a haemadsorption method and positive wells were cloned 
with considerable speed along inert surfaces**, and it exhibits by limiting dilution. The supernatants were also tested by 
~ strong attachment to animal cells’ and to inert surfaces’. The indirect immunofluorescence on M. pneumoniae cells grown 
= * 14 « * ; 
-datter property is a prerequisite for the survival of this obligate on glass `. Of the 120 hybridomas examined, ie clone was Ta 
_parasite in the host organism. Experimental evidence?” sug- found to have adherence-inhibiting antibody, designated M43. 
‘gested that the binding site(s) mediating attachment of the ©” immunofluorescence, this antibody stained only one pole 
pathogen is a protein, but so far this substance has not been of the cell (Fig. la). The ASSOCIANON of antibody with the tip: 
characterized, nor has it been localized in the cell. By using a structure of the M. pneumoniae cell was confirmed by electron 


monocional antibody we have been able to localize the adhesin microscopy using ferritin-labelled antibodies to _ mouse 
at the surface of the tip structure; it was identified by immunoglobulins (Fig. 1c). Controls treated with an unrelated 


autoradiography as a protein of molecular weight (M) mouse monoclonal antibody were negative (Fig. 1d). The 


The human respiratory pathogen Mycoplasma pneumoniae has 


, immunofluorescence was reduced by pretreatment of the 
160,000-190,000. We report that the monoclonal antibody M. pneumoniae cells with trypsin (10-20 pg ml” at 37°C for 


30 min). 


inhibited erythrocyte adherence, attachment to glass and gliding 
motility of M. pneumoniae. 


. Fig. 1 Immunofiuores- 
“~~ ‘cent and immunoferritin 
<< fabelling of M. pneu- 
= mMoniae cells by mono- 
“clonal antibody M43. a, 
“Ror: indirect immunoflo- 
ürescence the glass- 
attached mycoplasmas 
were fixed either in 0.1% 
glutaraldehyde or in 5% 
formaldehyde in PBS for 
15 min at room tem- 
perature and rinsed twice 
with PBS. The cells were 
then treated with M43 
hybridoma supernatant at 
37°C for 15 min, rinsed 
_ with PBS, and fluorescein 
 dsothiocyanate-conjugated 
“goat anti-mouse anti- 
serum (1:40) was added as 
second antibody. Incuba- 
tion at 37°C for 15 min 
was followed by two rinses 
with PBS. Finally, the 
cells were covered with a 
buffered glycerol~pheny- 
lenediamine solution to 
reduce the fading of the 
fluorescence’’. The pre- 
_parations were examined 
in a Zeiss photomicro- 
= scope equipped with 
epifluorescence illumina- 
on. The photographs (3- 
in exposures) were 
taken using 400 ASA film (Ilford) and show a microcolony consisting of single cells (x2,200). The insert shows dividing cells (4,400). b, 
hase contrast of a without the insert. c, M. pneumoniae cells grown on parlodion—carbon-coated platinum grids were pre-fixed with 0.1% 
-glutaraldehyde in PBS at room temperature for 15 min. After washing they were incubated with anti-adherence antibody (1:100) at room 
. temperature for 15 min, then washed and incubated with ferritin-labelled goat anti-mouse immunoglobulin at room temperature for 15 min. 
The grids were then rinsed six times with PBS, fixed with 2.5% glutaraldehyde at room temperature for 15 min and examined in a Siemens 
Elmiskop 102 at 80 kV. Ferritin molecules are seen predominantly at the tip structure. d, As a specificity control, M. pneumoniae preparations 
were incubated with mouse monoclonal anti-human immunoglobulin instead of the M43 antibody. Further controls ¿sed bovine serum 
albumin, fetal calf serum or the ferritin-labelled antibody alone (not shown). 
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and gel f ery! 

; atmen of M. pneumoniae sheets with antibody M43 a 

ig inhibition of adherence of sheep erythrocytes (Table 1). 
tilar results were obtained with human, rabbit and guinea 
ig erythrocytes. The adherence inhibition titre of hybridoma 
upernatant was 1:16; this increased to 1:256 when the anti- 
ody was precipitated with 40% ammonium sulphate and resus- 
‘pended in PBS to 30 mg ml"’. Similar titres (1:10 and 1: 128, 
espectively) were found also for the inhibition of attachment 
‘to glass surfaces (Table 1). 
















"Table 1 Monoclonal antibody M43 inhibits erythrocyte adherence and 
z attachment to glass 








Adherence of sheep Attachment of 
erythrocytes to mycoplasmas 
a mycoplasma sheet to glass 
`- Control 100 100 
e e 3 1 
1: 64 5 3 
1:128 17 23 
1:256 21 57 
1:512 77 Not tested 







Attachment of sheep erythrocytes was assessed by a haemadsorption 

technique’ which allows photometric measurement of lysates of sheep 

erythrocytes attached to sheets of M. pneumoniae. Attachment of 

glucose-energized mycoplasmas to glass was quantitated i in an experi- 

“mental system’ which measures the settling of *H-palmitic acid- 

= labelled cells on to glass coverslips. After incubation and rinsing of the 
coverslips, the radioactivity attached to the glass was determined. 


The monoclonal antibody caused no growth inhibition and 
was ineffective in the metabolic inhibition test'®. Furthermore, 
no complement-mediated lysis of antibody-coated cells was 
observed. These negative results suggest a localization of the 
corresponding antigen at a non-vital site. 

To identify the binding substance, the monoclonal antibody 
was labelled by adding *°S-methionine to the hybridoma culture 
= medium’’. M. pneumoniae cells were solubilized by SDS and 
the proteins separated on a SDS-polyacrylamide gel”. The gel 
“was then treated with the labelled antibody. Autoradiography 
revealed that the activity bound to a protein at a position 





Fig. 2 Localization of the proteins stained by 
monoclonal antibody or by sheep erythrocytes 
after polyacrylamide gel electrophoresis” of 
whole M. pneumoniae cells. After electrophoresis, 
the SDS was eluted from the gel by washing with 
PBS at room temperature for 45 min. a, The gel 
was then covered with *°S-methionine-labelled 
antibody, incubated at 4°C for 20h, then washed 
with PBS. The fixed gel was impregnated with 
Enhance (NEN), then dried and exposed at ~70 °C 
for 2 days to Kodak X-Omat X-ray film. b, Instead 
of antibody, sheep erythrocytes were used to over- 
. lay the gel (room temperature for 45 min). After 
- several washes with PBS the gel was stained with 
Coomassie blue. The asterisk indicates the position 
| of the erythrocyte-labelled protein. 









































































Fig. 3 Effect of antibody M43 on migration of M. pneumoniae 

cells. Mycoplasmas were grown on glass in coverslip chambers” 

in the absence (a) or presence (b) of antibody M43 (1:3,200). In 

b, normal growth of microcolonies can be seen but no individual 
cells migrated out of the colonies. 


corresponding to a molecular weight of 160-190K (Fig. 2a). 
The same protein band was reactive when a similar gel was 
overlaid with sheep erythrocytes (Fig. 25), suggesting that this. 
polypeptide was not only antigenically but also functionally — 
identical to the binding site material. 

The gliding movements of M. pneumoniae were completely” 
abolished when antibody (up to 1:1,000) purified by 
ammonium sulphate precipitation was added to the medium. 
This inhibition occurred within 5 min; the shape of the cells 
was not affected nor did they lose contact with the glass surface. 
When the antibody was added to growing cultures, the single 
cells remained. aggregated in clusters and did not migrate out _ 
of the microcolonies to spread over the coverslip (Fig. 3). The © 
immobilization of the cells suggests that some mobility of the 
binding site within the membrane that is required for gliding, - 
is inhibited by the bound antibody. | 

Attempts to isolate the adhesin protein of M. pneumoniae | 
have so far had only limited success'*. Using the specific mono- 
clonal antibody described here it should be possible to purify — 
and characterize the binding site protein, which may further.. 
elucidate the mechanisms of motility and adherence. Further- _ 
more it could be used to study parasite—host interactions, and _ 
may have potential value in diagnosis and immunoprophylaxis. 

After submission of this letter, an article describing a similar | 
antibody'’” was published. We thank A. Vogt for stimulating | 
discussions, and D. Preusse and U. Burger for technical 
assistance. 
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` Many of the transposable elements characterized so far in 

a ukaryotes are a few thousand base pairs (bp) long and there 
are usually 20-50 copies per genome’, In addition, families of 
short interspersed repeated sequences have been discovered, 
- some of which may also be transposable’. During analysis of 
“the bovine satellite DNAs, I have found two types of sequence 
which shave structural features in common with insertion ele- 
ments’. They are only 0.6 and 1.2 kilobases (kb) long and are 
present in two different satellites at frequencies of 3.5 x 10‘ 
and 5x 10° per genome, respectively. Sequence analysis of the 
< 1.2-kb insertion and of satellite repeats carrying or lacking this 
sequence has now shown that a 6-bp duplication is generated 

5 at the site of insertion. I report here that the organization of 
this sequence is very similar to a retrovirus long terminal repeat 

CTR), The 1.2-kb insertion and the related 0.6-kb sequence 

_are highly homologous near their ends but unrelated in their 
_ internal sequences. These two elements may constitute precur- 
_ sors or descendants of an unknown retrovirus. 

: The bovine genome contains at least seven satellite DNAs, 
two of which have a density of 1.711 gcm™* in CsCl (1.711A, 
1.711B)*. Restriction and hybridization analysis of the 1.71 1B 
“Satellite (7.1% of the genome) has previously shown that it 
consists of two types of repeat unit: 1.4-kb units homologous 
to the 1.4-kb repeat units of another bovine satellite 
a. 715 gcm A and 2.6-kb units which correspond to 1.4-kb 

_ units carrying in addition a 1.2-kb insertion’. About 50% of 

the repeat units carry this insert, each at the same position. 

. Thus, digestion of the satellite with SstI, which cleaves once in 

_ the 1.4-kb sequence but not in the insert (Fig. 1a), yields mainly 

_ fragments of 1.4 and 2.6 kb. HindIII digestion, which cleaves 

once in the insert but not in the 1.4-kb sequence (Fig. 1a), 

-gives mainly 2.6- and 4.0-fragments, while fragments 25.4 kb 
è less frequently found. This indicates that the 1.2-kb inser- 
ions occur most often in repeat units that are neighbouring or 
eparated by one additional 1.4-kb unit, and with less probabil- 
ty in more distant ones. 

I-have determined the nucleotide sequence of the entire 
-kb repeat unit and have compared it to the 1.4-kb sequence 
“derived from the 1.715 satellite DNA’. Uncloned restriction 
_ fragments were used for both sequences. They were therefore 
_‘prototype sequences’ corresponding to the most frequent 
: cleotides at each position of the repeat units. The sequence 
ysis confirmed that the 2.6-kb repeat unit consists of a 
kb sequence highly homologous to the 1.4-kb repeat units, 
unrelated 1.2-kb sequence interrupting the 1.4-kb 
ience. The homology between the 1.4-kb sequences in the 
units carrying or lacking the 1.2-kb insertion is of the 































kable features: 








“occurs. only once at the corresponding position | in i the ‘1.4-k 


“Of 95% (to be published). The nucleotide sequence of . 
2-kb insertion (which is termed INS-1 .711B) has several : 


is flanked by ; a ae direct repeat (CCCTAC) which 











unit (Fig. 1b-d). Such a duplication is highly characteristic for 
the insertion of transposable elements’. 

(2) The insertion is bounded by a 3-bp terminal eens 
repeat TGC... GCA (Fig. 2). If some mismatches are: taken 
into account, the repeat could be extended to 13 bp. < 

(3) Following the terminal repeat, at the 5' end there is a 
repetitious sequence of ~ 100 bp consisting of several tri- to 
heptanucleotides repeated two to five times and interspersed 
with each other and some non-repeated DNA: for exampl 
there are five copies of GCATATT. (These ougonnck yed ; 
are underlined in Fig. 2a.) 

(4) An open reading frame of ~ 200 bp is found in the 5' 
half of the sequence. It is terminated by two successive TAY 
codons that are boxed in Fig. 2a. : 

(5) Several sequences thought to be important for the regulas 
tion of transcription are found in the 3’ half of INS-1.711B _ 
(Fig. 2). These are a Goldberg~Hogness box, TATAAAAA, 
at positions 947-954 and a polyadenylation signal, AATAAA, 
at 966-971 which is followed 15 bp later by a polyadenylation : 
site, Ca. The sequence GCAAG (900-904) precedes the Gold-. 
berg~Hogness box in a position where the related sequence 4 
CCAAT is frequently found. Finally, TTGGT (995-999) is 
found in a region where TTGT or related sequences are thought 
to have a role in the termination of RNA synthesis” (Fig. 2). 

The arrangement of these sequences in INS-1.711B is 
remarkably similar to that in a LTR of retroviruses. A com- ~ 
parison between INS-1.711B and the prototype of a retrovirus — 
LTR is shown in Fig. 2b. A LTR contains sequences derived 
from both the 3’ and 5’ ends of the viral RNA (U3, US) as well 
as one copy of the terminal redundancy (R), thus signals for _ 
the initiation and termination of transcription and for poly- 
adenylation occur characteristically close to each other at fairly 
constant positions (Fig. 26). In INS-1.711B the same or closely. 
related sequences (see above) occur in these positions. Further- 
more, the TG, CA-termini and the terminal inverted repeat 
present in all LTRs are also found in INS-1.711B. By analogy 
to retroviruses, the sequence 1-977 would then be U3-like, 
978-987 would be R-like, and 988-1198 U5-like. It is not — 
known, however, whether INS-1.711B is transcribed in bovine 
cells. 

There are two structural features in INS-1.711B which have 
not been found in any of the sequenced LTRs: one is the- 
repetitious region at the 5’ end (Fig. 2a); the other is a 13 bp 
sequence (position 116-128), at the end of the repetitious 
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Fig. 1 Organization and partial sequences of repeat units in the — 
1.711B satellite DNA. a, Possible arrangement of 1.4-kb units 
lacking and 2.6-kb units carrying the 1.2-kb insertion. The sizes 
of fragments obtained by digestion with SstI({) or Hin dIIT(t) are- 
given in kb. b, 1.4-kb repeat unit. The arrow indicates the site of © 
insertion. The nucleotide sequence at this site is given’. c, 1, 2-kb 
inserted sequence (INS-1.711B). The 3-bp terminal inverted 
repeat is indicated. d, 2.6-kb repeat unit carrying INS-1.711B. 
The sequences flanking the insertion and its 3-bp terminal inverted 
repeat are given, the cuphicated hexanucleotide in bold. letters 





















































































uence han flees the */-terminal sequence pi Qa). 

No major differences were found when DNAs from thymus, 
-and brain of different animals were digested by restriction 
nucleases and compared by Southern blot analysis’ using cloned 
INS-1.711B as a probe. Therefore, major rearrangements of 
INS-1.711B in the satellite DNA during ontogenesis can be 
excluded. Some background smears observed in the hybridiz- 
„ation experiment suggest that INS-1.711B-like sequences are 
dispersed throughout the genome. 

= T have shown previously that a 0.6-kb sequence related to 
_INS-1.711B occurs in the repeat unit of the bovine 1.711A 
satellite (termed INS-1.711A)’. It was therefore interesting to 





“FeceToRace GECATATTGC ATATTGAGTG CATATTGCAT ATGCATATT GAGTGCAGCA CTTTCCACAS CATCATCIIT 80 
“contr, AATAGCTCCA CIGGAATICT ATCACTSCTG GGAGCCAGTG AGGAACTCCG COPTIATAA AGGTTATSAG 160 
“pakcoaasct CGGCATACKC AAAGGCGGGA TCGAGCTICA GGAGTCCECC TGGAMATICT CGAGCATATA CCCCCAAAAC 240 
a “easnoreree CTACTTICTG CTIGTGCTTT CACCTAAACC TCIGACTTIA CGGGGGGCTC TCCCCCACTA CCTCICICTG 320 
C ARAARAGAGT TAGCTTACAG TTCCAGHTAA]TAATTCCTGG GYGTGACAGT GTTTAACCTA CAAACTCCTT TAGAAATCCT 400 
x enact TGAATAGGTT TITICGGCCA CATGGGATTG TICAGAGCCT CCCAACTGTG AGAGGCAGGA GATSTICTAA 480 
ACTGICTAAA CACAGATICT TTTGAGTAGT TACARGATTG ATTAGAAATY GTATIGGYGA ATGGTITTTC ACTTGTIGGS 960 
COATIGITTS CIGCTAAGTT TCCATATCEC TIACCTGCTG TGTCCCTGGE AGTGTATTGA TTAATATAAT TGSTGTAAGT 640 
ASTAGETTTA ATGITIGTAA CCTGGGACCC TIGAGITAAT TCTTITICTT GITATAGCCC ACCACACCTT TGCTCTGTAG 726 
GAATGCAACT TIATCTAATG CTTITTIGGA GGGTGGCTCC TGACCAACCA CCTTTAGAGA AAAATAAGTT TICTGAASAA 800 
 RAGSTCTTAA AATGTTAACA GGCCICCGGG CCAGAAGATG ATGCAAATCA CCTAAGCTTT TGCATATGAT AAGTTTGCAG a0 
GAAGAAAGCE reaTTracif caagecteca CECETTCCCE CATIATECTC TATGCATAAC TTAAGGTATA AAAALTACTT 969 
TEAAARATAA A TOCGAGCC TIGTTCACCE magoek TCACCATGIC GTICTTTCTC TTACCTICTG GCTGAATTAT 1049 


TCAGCOICTT TICTCCAQTG AATTTCOTCA CTGAGCTATC CTCATICTAT TACTCTITAT ATCCTTAATT AACATTTAAT 1420 


TAAGCAGTGG TTICCTGATC TICGCCTACG CCGTCTCTCC TICGAATACC CTGGATCAGC CGGGGCTOGT CCCCGGCA 1198 


pas 
9 U3 R U5 
LTR mG “(ws GA; OA 
-75 -23 -20 +15 
INS-1.7118 TG = Sl GCA, CA 
-73 -23 -16 +8 


Fig.2 Nucleotide sequence of INS-1.711 B. Bovine 1.711B satel- 
lite DNA was purified from calf thymus DNA (Boehringer 
Mannheim) by isopycnic centrifugation” analogous to that 
described for bovine 1.706 satellite DNA `. tequence analysis of 
restriction fragments from the purified seicilite was carried out 
according to Maxam and Gilbert `, using the Alu I, Ddel, Hindlll, 
Hint], Sau3A and Sau96 sites in the insertion sequence for 
terminal labelling; 96% of the sequence was determined from at 
least two different overlapping restriction fragments, 40% being 
determined from both strands. a, Location of sequences men- 
~~ tioned in the text: the 3-bp terminal inverted repeats are indicated 
‘by arrows; the repeated oligonucleotide sequences near the 5’ end 
are underlined; and the largest open reading frame is marked by 
the boxed ATG and the two successive TAA codons. the other 
‘boxes indicate regulatory signals and related sequences thought 
to be important in transcription and polyadenylation. They are, 
succession, a CCAAT-like sequence, a Goldberg~Hogness box, 
polyadenylation signal and a transcription termination signal. A 
possible adenylation site, CA, and a presumptive cap site, G, are 
overlined. b, Diagrammatic representation of a LTR® and INS- 
1B. U3 and US correspond to sequences derived from the 3° 
and S ends, respectively, of the viral RNA; R indicates the 
terminal rec undancy. The location of the regulatory signals men- 
tioned above is marked. Their distances from the U3-R boundary 
` (5175, =23) and R-U5 boundary (—20, + 15)® are given in bp. 
- The locations of the homologous signals in INS-1.711B (boxed 
" in a).are analogously indicated assuming that the: sequence 978~- 
£ ia i corresponds to R. The overlined G and CA in the 
Een ee, -Rlike region correspond to those of a. 
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Fig. 3 Homologous regions of INS-1.711A and INS-1.711B. 
The nucleotide sequence of INS-1.711A is from ref. 3. INS- 
1.711A has been re-defined as the sequence bracketed by the 
inverted repeats, that is, the sequence 550-1, 151 of the 1,413-bp 
repeat unit of bovine 1.711A satellite DNA’. The homologous — 
sequences are indicated by bold lines, and their limits are represen- 


ted by the corresponding nucleotide numbers, The arrows indicate. y 


the terminal inverted repeats and their internal repetition in IN! 
1.711B, respectively. 






compare INS-711B with INS-1.711A, which also exhibits some _ 


features of an insertion element’. The homologous regions of. 
the two sequences are the first 250 bp of INS-1.711A, which 
correspond to the sequence 116-358 in INS-1.711B, and the . 


last 140 bp of both elements; their internal sequences are 
completely unrelated (Fig. 3). The homology is greatest near 
the ends, for example, two transitions being the only base 
changes in the last 35 bp at their 3’ ends. The homology then 
gradually decreases to ~80% before ending abruptly. The 


100-bp repetitious sequence found in INS-1.711B is absent 
from INS-1.711A. The region of homology near the 5’ end 
which contains the largest open reading frame in INS-1.711B. 


(Fig. 2a) is also conserved in INS-1.711A. The region of 


homology at the 3’ end contains sequences characteristic of a 


polymerase II promoter in INS-1.711A°. In INS-1.711B this 
region is interrupted by a 19-bp sequence that is non- 


homologous. In summary, the homology found strongly sug-. 


gests a common origin of the two sequences. 
It is not known whether the high copy number of INS-1.711B 


is due to multiple insertion events or, more likely, to a passive. 


amplification in the satellite DNA. In addition, it is not known 
whether INS-1.711B itself is transposable. Although the dupli- 
cated target sequence flanking the insertion is a strong indica- 


tion of integration by transposition’, it is also possible that 
INS-1.711B was a LTR of a larger movable element, for 


example, a retrovirus, which was first integrated and then 
excised by homologous recombination between the two LTRs 


(before being amplified in the satellite DNA). An analogous 
situation can be found for the solo 6-sequences of the Ty/. 
Bovine leukaemia virus, the only bovine. 


elements in yeast’’. 


aoe 


retrovirus for which partial sequences are known (A. Burny, . 


personal communication), is unrelated to INS-1.711B. 
Alternatively, INS-1.711A and INS-1.711B may be different 


stages in the evolution of a cellular insertion sequence, which- 


were conserved by (or possibly evolved through) their integra- 2 


tion into repetitive sequences. According to Temin’s hypothesi 


on the genesis of retroviruses'', INS-1.711B might then be an 


immediate precursor of a retroviral LTR. 
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. The cell membrane of prokaryotes has been implicated as the 

site of DNA replication in the replicon model first proposed 
by Jacob, Brenner and Cuzin’. Ultrastructural, genetic and 
biochemical data have since been compiled suggesting an associ- 
ation between the cell membrane and replicating DNA (for 
__ review, see ref. 2). However, few studies have attempted to 
_ test this aspect of the replicon model directly by investigating 







__ the ability of DNA~membrane complexes to synthesize DNA 
-in vitro. Such studies have been performed mainly with Pneu- 
_ mococcus and it has been shown that DNA-membrane com- 
plexes extracted by the M-band technique’ retain their capacity 
-to synthesize DNA even after extensive purification*. However, 
mutants defective in various aspects of DNA replication are 
_ unavailable in Pneumococcus, and this is an important require- 
_ ment for elucidating the physiological significance of the com- 
_ plex. Fortunately, they are available in Escherichia coli and 
~ Bacillus subtilis, and of the two organisms, much of the impor- 
< tant work with the complex has been accomplished with B. 
_ subtilis™’, These studies have indicated that the origin and 
_ terminus of replication are permanently associated with the cell 
_ membrane. Nonetheless, there have been no previous studies 
_ of the synthetic capacity of B. subtilis DNA-membrane com- 
plexes. We now offer evidence that two DNA-membrane sub- 
‘complexes extracted and purified from a pol A mutant of B. 
subtilis are capable of synthesizing DNA in vitro and that these 
activities are inhibited by hydroxyphenyl azouracil, a specific 
_ inhibitor of DNA polymerase III activity in B. subtilis. 
_. Many studies involving the DNA-membrane complex have 
_ been performed with only crude material, basically one step 
_temoved from whole cells. Because such complexes probably 
. contain a variety of nonspecifically adsorbed components, it 
_ was considered essential to ‘purify’ the complex before analys- 
_ing DNA synthesis. The purification procedure followed that 
_ developed for pneumococci* because it fulfilled three important 
criteria. First, a large amount of excess macromolecules was 
‘dissociated during the purification procedure. Second, the com- 
tained its ability to synthesize DNA in vitro without 
dded template or enzymes. Third, the specific activity of DNA 
lymerase(s) increased throughout the purification procedure 
ept in one step, see below). Table 1 shows the percentages 
macromolecules remaining in the complex after the various 
cation steps. CsCl centrifugation separated membrane- 
-DNA from the crude M-band® into two peaks, one 
sponding to 94% of the total DNA in the crude complex) 
sedimented at the buoyant density of free B. subtilis 
he other (corresponding to only 0.9% of the total DNA) 
at the top of the gradient as a pellicle together with 
of the total lipid and 35% of the total protein. 
e results indicate that DNA firmly bound to membrane 
nts a small fraction of the total DNA in the crude 
x. One problem in this procedure is the possible contami- 






































2 PFO k ; JOSSIE - liquid scintillation counter. Samples were also taken from the pellicl 
he complex with ‘free’ protein which also floats at _ fraction and other areas of the CsCl gradient for assay of radioactivi 
of SC] gradient. However, ~22% of the total. ~ 


, . tof as well as from the M-band fraction. Protein content was determined 
rude complex was still associated with the ` 
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Fz. L Distribution of two DNA-phospholipid subcomplexes in 
a sucrose gradient. Methods are described in Table 1 legend. The- 
experiment was repeated twice, once with a single label for DNA = 
synthesis ("H-thymidine) and once with a single label for phos- | 
pholipid synthesis CH-glycerol). io 


subcomplexes after the final purification step described below. 
This suggests that at least this portion of the protein was firmly 
bound. The pellicle was dialysed to remove CsCl and cen- 

trifuged in a 5-20% (w/v) neutral sucrose gradient. Two peaks. 
of DNA were observed (Fig. 1), one sedimenting near the 
bottom. of the gradient and the other sedimenting near (but not. 
at) the top. Both peaks contained varying amounts of co-. 

sedimenting lipids (Fig. 1) and proteins (Table 1), suggesting. 
that two DNA-membrane subcomplexes were resolved in the 
neutral sucrose gradient. Note that ‘free’ DNA and protein did _ 
















Table 1 Purification of the DNA-membrane complex. ae 
% Macromolecule Remaining 
Treatment of complex DNA protein lipid oe 
1 DNA-membrane dialysis 100 100 100 
2 CsCl centrifugation, 
dialysis 
3 Sucrose gradient 
centrifugation (total) 
(a) More slowly 
sedimenting complex 
(b) Faster-sedimenting 
complex 0.36 3.4 39,90 
Cultures (500 ml) of B. subtilis strain 841 (thy, tryp, pol A) were 
labelled with 100 Ci of “H-thymidine or 100 pCi of *H-glycerol and 
grown to the mid-logarithmic phase in Penassay broth. Cells were 
washed twice with TMK buffer, pH 7.0 (0.01 M Tris, 0.01 magnesium 
ene 


0.86 35.6 90.0 
0.64 22.3 49.0 


0.28 18,9 9.1 














acetate, 0.1 M KCI) and incubated in the same buffer containin 
sucrose (w/v) and lysozyme (20 ug mi’) at 4°C for 10 min. Prot 
were collected, resuspended in TMK buffer containing 0.3% s: 
and 1 mM phenylmethyisulphonyl fluoride (PMSF), and incubated 
10 min at 4°C. The ceil lysate was layered onto a biphasic 25760% 
(w/v) sucrose gradient and centrifuged at 18,000 r.p.m. for 20 min ; 

4°C in an Sw 41 rotor and Beckman L2 65B ultracentrifuge. The 
M-band was collected from the 25/60% interphase and dialysed over- 
night in TK buffer (0.01 M Tris, pH 7.0; 0.1 M KCl) containing 1 mM 
PMSF at 4 °C. Solid CsCl was added to the dialysate to obtain a mean 
density of 1.7001 at 30,000 r.p.m. for 48 h at 25 °C in an Sw 50.1 rotor, 
The pellicle was removed from the top of each gradient, pooled and 
dialysed in TK buffer overnight at 4 °C. The dialysate was layered onto 
5-20% (w/v) neutral linear sucrose gradients containing an 80% 
sucrose shelf and centrifuged at 35,000 r.p.m. for 90 min at 4°C inan 
Sw 50.1 rotor. The gradients were fractionated by puncturing the. 
bottom of the tube, each fraction precipitated with trichloroacetic acid 
(5%, final concentration) and assayed for radioactivity in a Mark- IE 
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. Fig. 2 Inhibitory effects of 6-(p-hydroxyphenyl azouracil) on 
-> DNA synthesis by the two subcomplexes. Methods are described 
> in Table 2 legend. The concentration of reduced Hpura (with 
sodium dithionate) was 400 uM. The greater inhibitory activity 
-> (sharper slope) is observed in the fast-sedimenting subcomplex 
<< which is totally inhibited after 5 min, whereas the activity of the 
slowly sedimenting complex i is totally inhibited only after 20 min. 
‘After 5 min the activity of the latter subcomplex is inhibited 60% 
from control values. 


= jy0t sediment in the areas of the two subcomplexes but remained 
-at or near the top of the gradient away from the slowly sediment- 
ing subcomplex. 
-To determine whether the various complexes could synthe- 
size DNA in vitro and whether purification of this activity was 
= achieved, DNA polymerase assays were performed with the 
-< erude M-band, the CsCl pellicle fraction and the two subcom- 
plexes detected in the sucrose gradient. Table 2 shows that 
both the total activity and the specific activity decreased after 
CsCl centrifugation and dialysis but increased significantly after 
sucrose gradient centrifugation. The reasons for this inhibition 
are unknown, but it has been observed consistently in our 
experiments. One possible explanation is that inhibiting factors 
are activated after this step but are removed after the sub- 
~ sequent sucrose gradient procedure. The more slowly sediment- 
ing subcomplex showed a slight increase in specific activity 
; while that of the faster-sedimenting complex was markedly 





: Table 2 DNA synthesis in vitro in various fractions during purification 
: of the DNA~membrane complex 





Specific activity 
E Total activity (counts per min 
Fraction (counts per min) per mg protein) 
1 DNA-membrane, 
-dialysis 725,940 2,902 
~—-CsCt centrifugation, 
Saet 52,425 526 
dün 
EA es 119,040 3,737 
“150, 240 | 19,603 


a : selhon ver ae to the condi: 
saci fractions | were agen for DNA 













reaptoet hail 0. 01 MM gC: dATP, 
| mt *); and *H-dTTP (73 Cimmol™’), 1 wCi per 
be. Ea assay ‘ube was. s incubated at 37 °C for 30 min and the 
ction terminated with the addition of ice-cold 5% trichloroacetic 
ontaining 1% (w/v) sodium pyrophosphate. Acid-insoluble radio- 
tiv y was determined By liquid scintillation a teorie 





Transforming | 





5 Transformants per: mi cells: 


B. subtilis DNA gua ‘Aly leu 8° ‘pur Ain 8* met BS5* j leu 8° A 
M-band-derived 

complex 20,000/445 413 000 j 104,000 40,000/5,500 
CsCl-derived 

complex 600,000/10 90/40 38,240/610 
Slowly 

sedimenting 

subcomplex 100,000/25 150/50 §00/420 
Fast-sedimenting l 

subcomplex 120,000/20 60/ 30 660/80 5 





Bulk B. subtilis DNA was extracted ad to the method of Anagnos- 
topoulos and Spizizen'’. Although not shown, the ratios of the various transfo 







mations for bulk DNA were similar to those of the M-band because th 
contains ~ 80% of the total cellular DNA. The DNA membrane comple: 
prepared as described in the legend (Table 1). These fractions were used 
concentrations of 2.5 yg ml’ to transform recipient B. subtilis LAI77 (gua Al, 
ery-1), BUL717 (pur A, leu 8, met C), Mu8u5716 (pur A, met BS, leu 8) and. 
a derivative of Mu8u5716 (gua Al, leu 8, pur A). 


enhanced. It is interesting that the more active complex con- 
tained a higher concentration of lipids. Firshein and co- 
workers'* have shown that membrane glycolipids which are 
present only in Gram-positive bacteria stimulate DNA poly- 
merase III activity in Pneumococcus. A similar phenomenon 
may be operating in B. subtilis if, in fact, the activity observed 
in both complexes is related to DNA polymerase ITI; Although 
it is probable that such is the case because of the pol A mutation 
(which virtually eliminates pol I activity), it was important to 
confirm this possibility by other means. Fortunately, 6-(p- 
hydroxyphenyl azouracil)(HpUra) specifically inhibits the 
activity of DNA pol III in B. subtilis’*, Tests on the effects of 
this drug on the activity of the two subcomplexes show (Fig. 
2) that with the addition of HpUra DNA synthesis is almost 
totally inhibited within 5-20 min, depending on the subcom- 
plex, relative to controls. 

Considerable evidence regarding the nature of membrane- 
associated DNA in B. subtilis has been provided by Sueoka 
and co-workers?!" and Yoshikawa and co-workers”. Their 
experiments have revealed several facts, which include (1) that 
the origin and terminus of replication are attached to the cell 
membrane throughout the cell cycle and (2) that the DNA- 
membrane complex can also be separated into two subcom- 
plexes, both of which contain markers close to the origin. 
Although their subcomplexes were extracted and separated by 
different methods” >Y from those used in the present experi- 
ments, it was of interest to determine whether there was any 
similarity in the composition of the complexes, at least with 
respect to some of the genetic markers present. Accordingly, 
the ability of the DNA in each of the complexes to transform 
markers near the origin, terminus and middle of the B. subtilis 
genome was compared. 

Table 3 shows that both the slow- and fast-sedimenting 
subcomplexes (as well as CsCl-derived complex) were enriche 
for a genetic marker (gua Al) which is located less than ` 
the origin of replication on the B. subtilis genetic map 
commonly used origin marker (pur A), which has been mapped 
to ~10° from the replication origin’® and a genetic marker (m 
B5) which has been frequently used to detect enrichment for 
the terminus of replication, were not enriched in any of the 
DNA-membrane complexes isolated. In addition, no enrich- 
ment was detected for a marker (leu 8) located in the middle 
of the chromosome. | 

These results suggest that an unusually small area of the 
origin region may be represented in the subcomplexes. 
Although no enrichment for the terminus marker (met B5) was 
detected in the DNA~membrane complexes, it is possible that 
a smaller portion of the terminus region (including the actual 
terminus) is present in at least one of the subcomplexes. This 
suggestion is based on the possibility that the terminus marker 
(met B5) is positioned ~ 20° from the actual terminus of replica- 
eae whereas sonio 0. 64% of the DNA i in n the M-band se 
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remains firmly bound in the subcomplexes (Table 1), a percen- 
tage corresponding to less than 2° of the B. subtilis chromosome. 
That this relatively small percentage does not represent a ran- 
“dom area of the chromosome i is indicated by the enrichment 










but not for the pur A mare 
ally, concerning the nature of the DNA synthesized, we 
ily surmise that since the assay solution does not contain 
ponents required for initiation of DNA replication (such 
as ribonucleoside triphosphates and high concentrations of 
AT. P), an extension of strands from the replication fork is 
occurring with DNA pol III, rather than initiation of new 
strands. This possibility as well as attempts to determine 
whether initiation can be detected in vitro will be investigated. 
Nevertheless, this is the first report of a ‘purified’ DNA- 
membrane complex that can synthesize B. subtilis DNA in vitro 
using DNA pol II as the native enzyme. 
This study was supported in part by NSF grant PCM 8110082 
| pane by biomedical funds from Wesleyan University. 
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The genomic RNAs of several plant viruses are now known to 
zbe able to bind a specific amino acid at their 3' ends in a 
~ t{RNA-like manner, Where the nucleotide sequence of the 
- 3'-terminal region is known, it can be folded into an extensively 
: base-paired secondary structure having the essential features 
of tRNAs’”, The high degree of nucleotide sequence conserva- 
tion of the 3'-terminal regions of the four RNAs of the three 
known bromoviruses’, and the loss of infectivity of brome 
mosaic virus (BMV) RNA after chemical modification of its 3’ 
end’, strongly suggest that the tRNA-like structure has a bio- 
logical function in infection’. To elucidate this it has been 
important to determine whether viral RNAs are aminoacylated 
within infected host cells. We studied BMV and barley stripe 
mosaic virus (BSMV), which belong to very different groups 
but which have genomic RNAs that are capable of both accept- 
ing tyrosine and infecting barley protoplasts. We report here 
that single-stranded RNAs of both viruses are aminoacylated 
in vivo, but that the encapsidated RNAs of BMV are not. 

-. Both BMV and BSMV have segmented genomes. The 
alenar weights (MWs) of the genomic RNAs of BMV are 
1.4 x 10° (RNA1), 0.99 x 10° (RNA2), and 0.75 x 10° (RNA3). 

| RNA 4, asubgenomic RNA coding for coat protein, is encapsi- 
dated with RNA3 and has a MW of 0.28 10° (ref. 7). The 
RNA of the Type strain of BSMV (ATTC strain 43) used in 


*Present address: Agrigenetics Research Park, 5649 East Buckeye Road, Madison, Wisconsin 
53716, USA. 
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Fig. 1 Electrophoretic analysis of “H-labelled RNAs from: a, BMV Tyr- 
RNA charged in vitro’; b, mock-inoculated protoplasts cultured in *H-Tyr; 
c, BMV -infected protoplasts cultured in °H-Tyr; d, mock-inoculated proto- 
plasts cultured in *H-uridine; e, BMV -infected protoplasts cultured in 
*H-uridine; f, BSMV -infected protoplasts cultured in *H-uridine; g, BBSMV= 
infected protoplasts cultured in *H-Tyr. BMV and BSMV were extracted 
from infected Hordeum vulgare L. cv. ‘Dickson’ or ‘black hulless’, respec- 
tively", Viral RNA was isolated by phenol extraction*’*. Protoplasts 
from primary leaves of ‘black hulless’ barley (20 ml, 1x 10* mi‘) were 
mock-inoculated or inoculated with BMV or BSMV RNA at 5 ne ml! 
and cultured in the presence of *H-Tyr (30-60 Ci mmol™’) at 30 pCi. mi7 
for 18-20h, or *H-uridine (40-60 Cimmol™') at 40.Ciml~' and 
actinomycin D at 10 pg ml™' for 24h. RNA was phenol-extracted from 
the protoplasts using buffer containing 100 mM sodium acetate, 10 mM 
EDTA pH 4.5, 1% SDS and 1 mg ml”! bentonite for the samples labelled 
with *H-Tyr, or buffer containing 10mM_ glycine, 10mM EDTA, 
100 mM NaCl] pH 9.5, 1% SDS and 1mgm!”' bentonite for samples 
labelled with *H-uridine. After ethanol precipitation, the RNA samples 
were suspended in water and stored at ~80°C. Samples containing 2,000- 
3,000 «p.m. were analysed by electrophoresis in 12.5 cm x 15.5 cmx 
1.5 mm slab polyacrylamide gels containing 2,4% acrylamide, 0.1% methyl- 
ene bisacrylamide and 0.45% agarose, using 90 mM _ Tris-borate pH.8:3, 
2.5 mM EDTA (TBE buffer). Electrophoresis was at 25 mA for 2 hat 4 °C. 
The radioactive bands were detected by fluorography using EN"HANCE 
(NEN). Exposures of 30-50 days were required to detect radioactive bands: 
The MWs of the viral RNA bands are indicated. 


this investigation can be resolved by gel electrophoresis into 
two RNAs of MW 1.4 10° (RNA1) and 1.25 x 10° (RNA2)®”. 
BMV and BSMV differ widely in their physical properties and 
transmissibility and thus have been assigned to separate virus 
groups; however, RNAs of both specifically accept tyrosine in 
an in vitro reaction catalysed by aminoacyl tRNA synthetase“ 
In vitro studies have shown that aminoacylation of BMV RNA 
does not have a direct role in translation events'*''; however; 
it may be necessary for RNA transcription or encapsidation’?", AB 

Primary leaf protoplasts of barley were inoculated with BMV. p 
or BSMV RNA": for mock-inoculation RNA was omitted. — 
Protoplasts were cultured either in the presence of *H-uridine | 
and actinomycin D to label virus RNAs synthesized during — 
infection, or in the presence of *H-tyrosine (H-Tyr) to label — 
aminoacylated RNAs. Samples of RNA from inoculated proto-. 
plasts labelled with “H-Tyr had approximately the same number 
of trichloroacetic acid (TCA)-precipitable counts as did a com- - 
parable sample from mock-inoculated. protoplasts. However, : 
striking differences in the patterns of aminoacylation became 
evident when the samples were analysed by gel electrophoresis 
(Fig. 1). Protoplasts inoculated with either BMV or BSMV 
RNA and cultured in *H-Tyr (Fig. 1c,g) contained radioactive 
RNA species that o marie with the coating ae led 





not contain these labelled RNA banda. In naino 4 
genomic RNAs of BSMV, two smaller RNA bands were pre 
in samples labelled with either °H-Tyr or *H-uridine. Low k 
of these RNAs (MWs ~ 0.65 x 10° and 0.30 x 10°) are: 
in virion preparations; considerable amounts of them 

infected protoplasts and they may represent subg 
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lessengers that are Etat caudally encapsidated'®, They a are sao 
present in polysome preparations from infected barley; 
however, their translation products have not yet been identified 
(J. E. McFarland and A. O. Jackson, personal communication). 
_. The ester bond between the amino acid and the viral RNA 
- is readily hydrolysed. Therefore, although the viral RNAs from 
~ protoplasts cultured in °H-Tyr were labelled, it was possible 
_ that the radioactivity did not represent an aminoacylated 
tyrosine. When BMV Tyr-RNA was heated in Tris-borate, pH 
8.3 at 60°C for 30 min, only 4% of the original radioactivity 
remained TCA-precipitable; if *H-uridine labelled BMV RNA 
-was similarly treated, 96% of the radioactivity remained TCA- 
_ precipitable. Electrophoretic analysis of these samples is shown 
in Fig. 2a-d. BMV Tyr-RNA (Fig. 2, lane c) contained an RNA 
_ that migrated as a broad band ahead of RNA4—this probably 
: resulted from slight degradation during in vitro aminoacylation. 
_ This band is present in Fig. 2m, which also contains BMV 
-Tyr-RNA. The RNA samples from BSMV- and BMV-infected 
protoplasts cultured in °H-Tyr (Fig. 2e,/,i,/) behaved as expec- 
ted for aminoacylated RNAs in that all radioactive viral bands 
+ lost most of their radioactivity during heating. Gels containing 
RNA samples from protoplasts cultured in “H-Tyr subjected 
to electrophoresis for a shorter time (Fig. 24-/) contained a 
rapidly migrating radioactive RNA band that appeared to be 
tyrosylated tRNA. This was confirmed by comparison of its 
electrophoretic migration with wheat germ tRNA aminoacy- 
lated in vitro (Fig. 2k,/). 

RNA isolated from infected protoplasts includes viral 
. molecules involved in translation and transcription as well as 
-~ those encapsidated into virions, To determine whether encapsi- 
dated RNA was tyrosylated, virus was purified from infected 
= < protoplasts cultured in *H-Tyr by a modified extraction pro- 

-cedure using differential centrifugation with unlabelled carrier 
--virus'*. RNA was isolated from the virus and analysed by 
~~ polyacrylamide gel electrophoresis; RNA collected 18 h after 
inoculation contained only trace levels of radioactivity, but 
RNA from virus collected 24h after inoculation contained 
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Fig.2 Electrophoretic analysis of deacylated RNAs. Aliquots of 
~ RNA were prepared in either TBE buffer (see Fig. 1 legend) or 
in water as a control. The RNA samples suspended in TBE buffer 
=. were heated to 60°C for 30 min and cooled on ice; samples 
Suspended in water were brought to 50°C for 5 min. All samples 
` were made dense with urea. Electrophoresis was as described in 
Fig. 1 legend, except that RNAs in lanes h-m were subjected to 
TA electrophoresis for only 1.5 h. RNAs added to the gel lanes were: 
- aand 6, *H-uridine-labelled BMV RNA from infected proto- 
S plasts; c and d, BMV Tyr-RNA aminoacylated in vitro; e and f, 
-RNA from BSMV-infected protoplasts cultured in *H-Tyr; g, 
~ RNA from BSMV-infected protoplasts cultured in *H-uridine; h, 
=- RNA from mock-inoculated protoplasts cultured i in. `H-Tyr; i and 

; a j RNA from BMV-infected protoplasts cultured in °H-Tyr; k and 
s e wheat germ Tyr-tRNA aminoacylated in vitro; m, BMV Tyr- 
O RNA aminoacylated in vitro. RNAs in lanes b, d, f, j and I were 
4 _ heated i in TBE buffer; the other lanes contain control RNA. 





































Fig. 3 Analysis of encapsidated RNA. Infected protoplasts 
(~1x 10°} collected 24 h after inoculation were homogenized i in 
500 mM sodium acetate, 80 mM magnesium acetate pH 4.5, using 
a ground-glass tissue homogenizer. Unlabelled BMV (200 yg) was 
added as a carrier and the sample was subjected to differential 
centrifugation to isolate virions . The virus pellet was resuspen- 
ded in 400 41 of a 1:10 dilution of the above buffer. RNA 
extraction and electrophoresis were as described in Fig. 1 legend 
except that 1M sodium salicylate was used as the autoradiographic 
enhancer for lanes c and d. Mock-inoculated protoplasts contained 
no radioactivity. a, c, d, RNA isolated from virus extracted from 
BMV-infected protoplasts cultured in°H-Tyr; b, BMV Tyr-RNA 
charged in vitro. RNA contained in lane a was from a separate 
experiment than that contained in c and d. RNA in d was heated 
in TBE buffer (as in Fig. 2). 


detectable levels of radioactivity. Figure 3 shows that all four 
encapsidated RNAs were radioactive—this was surprising as 
comparisons of the acceptor capacity for batches of RNA iso- 
lated in acidic or alkaline conditions from virions suggested 
that encapsidated BMV RNA was not tyrosylated’. Therefore, 
the RNA was tested for the ability to lose radioactivity by 
deacylation in alkaline conditions. Figure 3c,d shows that most 
of the radioactivity remained after heating, suggesting that the 
radioactivity associated with the encapsidated RNA was not 
due to an aminoacylated tyrosine. It is likely that turnover of 
the *H-Tyr during the 24h incubation period resulted in the 
formation of *H-labelled nucleotides that were subsequently 
incorporated into viral RNA, and thus the radioactivity was 
relatively stable to hydrolysis. 

These results demonstrate that non-encapsidated viral RNA 
is aminoacylated within a natural host cell. The tyrosylated viral 
RNA appeared to be full-length as it co-migrated in poly- 
acrylamide gels with full-length BMV RNA. This differs from 
the situation described by Joshi et al.'® for aminoacylation of 
turnip yellow mosaic virus RNA with valine in Xenopus laevis 
oocytes, in which the aminoacylated RNA appeared to have 
been cleaved into a fragment similar in size to tRNA; no 
full-length charged viral RNA could be detected. This dis- 
crepancy may reflect differences between plant and animal cells 
or possibly differences in methods of detecting charged RNAs. 

Subgenomic RNA4 of BMV and two putative subgenomic 
messengers of BSMV were found to be aminoacylated. If 
aminoacylation is involved in RNA replication, such as the 
mechanism postulated by Hall and Wepprich'* wherein 
aminoacylated viral RNA binds elongation factor and sub- 
sequently replicase, these results suggest replication of the 
subgenomic RNAs via their own templates. E 

We thank Dr A. O. Jackson for ‘black hulless’ barley seed 
and BSMV Type culture and for useful discussions. We also 
thank P. A. Kiberstis for the gift of in vitro aminoacylated BMV 
Tyr-RNA. This work was supported by NIH grant AI 11572 
and NSF grant PCM 78-22526. 
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Helices are expected to scatter circularly polarized light prefer- 
entially. According to theory, the scattering depends on the 
pitch, radius and sense of helix'*; however, experimental data 
have been lacking. We now report quantitative measurements 
of the differential scattering of left and right circularly polarized 
light from the sperm head of the octopus Eledone cirrhosa. 
_. This sperm head is a left-handed helix with pitch and diameter 
_y of about 1 ym. It preferentially scatters left circularly polarized 
light versus right circularly polarized light in the forward direc- 
_. tion, with a maximum differential scattering of 2% at 35° to 
-the incident beam (wavelength = 0.442 um). The preferential 
forward scattering of left circularly polarized light is consistent 
. with theory'*. As a differential scattering of 0.1% is easily 
“measured, this can be a useful new method to characterize 
helical biological objects. 

Circular dichroism (CD) studies of complex biological 
macrostructures sometimes produce anomalies in the measured 
spectra. CD signals are observed outside the absorption bands 
‘of the chromophores, thus making the interpretation of the 
spectra difficult”. These artefacts have been shown to arise 

«from a difference in scattered intensities when left and right 
circularly polarized light is incident on the sample*''. This 
> differential scattering produces a differential extinction, which 
-= is recorded by the CD spectrophotometer as if it were differen- 
tial absorption. Experimental techniques exist to characterize 
these spurious scattering effects and to eliminate them””’. 

- However, recent theoretical work'* has shown that the 
differential scattering contains detailed structural information. 
The theory shows that the angular dependence of the circular 








Fig. 1 Scanning electron micrograph of a freeze-dried sperm 
head from the octopus Eledone cirrhosa. The sperm head is a 
left-handed helix with a pitch of about 0.65 um. Scale bar, 1 pum. 
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Fig.2 Circular dichroism spectra in arbitrary umts of E. cirrhosa ae 
sperm heads, measured by techniques having different solid angles 
of detection of scattered light. ——— PM far’ is. the conventional 
configuration; —--, ‘PM close’ has the photomultiplier detector 
close to the sample to detect most of the forward scattered light; 
-~= fluorscat method; >>> , fluorescence detected circular o> 
dichroism, FDCD, method. Sample contained 1 mg lyophilized 

heads in 10 ml of a0.1.M NaCl, 10 mM Tris, pH 7.5 buffer, 0o. 
intensity differential scattering, CIDS = (/, —Ip)/(Uh.+Ja), © 
reflects the structure of the chiral macromolecule. Here J, and 

I, are the intensities of the scattered light at a given angle when 

left and right circularly polarized light is incident. Application. 

of the general theory to helices shows that polar plots of CIDS. 
versus scattering angle give lobes whose sign, number and 
position are characteristic of the sense, pitch and radius of the 

helix. i 

We have built an instrument to measure the angular depen- ne 

dence of differential scattering of circularly polarized light 

(CIDS), and report some preliminary results that indicate the 

usefulness of such measurements. The nuclei of sperm cells. 

from the octopus E. cirrhosa were chosen for initial study, 
because their large helical structure ensures large CIDS values, 

and their chirality and dimensions could be measured indepen- e 

dently. Figure 1 illustrates the remarkable size and complexity 

of the helical head of the mature sperm from E. cirrhosa. These 

rigid nuclei have been measured by light microscopy to be 

43 um long, and to form a left-handed helix with a pitch of 

1 um and radius of 0.5 um (ref. 13) Our measurements in the 

scanning electron microscope gave values for the pitch of 

0.65 um, with an outside diameter of 0.60-0.65 um and an 

inner diameter of 0.25 um. The difference in the two sets of 

values probably reflects the difference in techniques. On sus- 
pending purified nuclei in a buffer solution, intense light scatter- 
ing is observed. Figure 2 shows the CD spectrum of the suspen- 
ded nuclei. The curve labelled ‘PM far’ is the usual experimental 
arrangement, in which the photomultiplier mainly detects the 
transmitted beam; only light scattered very close to this beam 
is also detected. Note that the CD signal is very strong at long 
wavelengths, where the components of the nuclei (DNA and - 
protein) do not absorb light, suggesting a large contribution -> 
from differential scattering of circularly polarized light. Of 
particular interest is the fact that this differential scattering 
effect is essentially eliminated by bringing the photomultiplier 
close to the sample and thus increasing the angle of acceptance 
of the scattered light (Fig. 2, curve labelled ‘PM close’). 
Further small corrections were achieved by use of fluorscat 
cuvettes® and fluorescent detected circular dichroism (FDCD) 
techniques’. Fluorscat is a double-chambered cuvette with the 
outer chamber filled with a fluorescent solution that captures 
all light not absorbed by the sample, except for a small sector 
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Fig. 3 Plot of CIDS [4 —Ir)/ (Ui + Ig)] versus scattering angle 

for E. cirrhosa sperm heads at a concentration of 0.25 mg ml”! 

- in the buffer of Fig. 2; the arrow illustrates the direction of incident 
‘beam (wavelength = 442 mm). A, Positive values; @, negative 

‘values; ——, measured data; —-~, constructed by symmetry. The 

‘plot has. a maximum positive value of 1.4x 107? at about 35°; the 

positive value means left circularly polarized light is preferentially 

scattered. 


in the back direction of the scattering envelope. The FDCD 
< technique involves the use of a fluorescer molecule that is not 
- optically active and that does not bind to the particle being 
ų measured. Each scattering particle is now surrounded by a cloud 
“of fluorescent molecules which measure all the light that is not 
absorbed, including light scattered backwards along the incom- 
Ing light beam. Considering the minor corrections to the 
. measured CD by the fluorscat and FDCD techniques (Fig. 2), 
we conclude that the sperm heads mainly scatter light differen- 
tially in the forward direction. 

- The apparatus used to measure CIDS directs linearly polar- 
< ized light from a He-Cd laser (442 nm) through a Pockels’ cell 
. (an electro-optical quarter wave plate) with an applied square 
voltage pulse which produces alternately pure left and right 
-circularly polarized light. The circularly polarized light is 
-incident on the sample cuvette, and the scattered radiation is 
~= measured by a detector mounted on a goniometer. The signal 
` from the detector is processed by a modified Cary 60 spec- 
trophotometer and analysed in terms of CIDS. 

‘Figure 3 shows the resulting polar. plots of CIDS versus 





‘om the incident beam), and also that left circularly polarized 

ght is scattered more intensely than right circularly polarized 

light, that is, the forward lobe. is positive. There is evidence of 

small negative differential scattering to the sides (90°) as is 
edicte 

















been obtained. with a maximum angular ‘resolution ‘of 5°; 
jies o are o iy spear We are now aie to 









: catering data shown i in AN 3 are of the type expected from theory 


terig of left circularly soled light indicates a left-handed 
iclix. We have measured differential a from T4 and 


and from the Sdo sperm. We think that differential scat i 


` scattering angle for the sperm heads; a reference sample of. 
< polystyrene beads shows no differential scattering in the same 

conditions. This plot shows that the CIDS does occur mostly 
in the. forward scattering direction (with a maximum at 35° 


ed. from: the minor correction of the fluorscat method 


fora helix whose pitch or radius i is larger. than, but similar to 





ing of circularly polarized light can be very useful in determining 
the packing of DNA in bacteriophages’ 16 and the higher order 
structures of DNA in chromosomes”. 
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Erratum 


In the letter ‘Atmospheric angular momentum and the length of day: 
a common fluctuation with a period near 50 days’ by R. B. Langley et 
al. Nature 294, 730-732 (1982), the curves in a panel of Fig. 1 were 
rotated through 180°. The figure is shown correctly in reprints and 
(reduced in size) below, 
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_IN 1885 a British tourist in the United States 
-was travelling on a train when it began to 


shake violently. Panicked, he asked the- 


conductor to stop the train, but to no avail. 
The train jumped its tracks and most of the 
cars were smashed. Yet to his amazement, 
his fellow passengers applauded the 
conductor’s efforts to arrive on time. So 
_ consumed were they by the idea of pro- 
eress, they failed to recognize a near fatal 
disaster. 
~ Clearly, attitudes have changed. Today, 
the United States has been described as a 
“risk-aversive’’ society, and some feel that 
our preoccupation with risks is threatening 
our commitment to technological progress 
and economic growth. In this environment 
the field of risk assessment has become 
a veritable industry. The assessment, 
management and adjustment to risk is 
estimated to cost between $200 and $300 
billion per year, that is, from 10 to 15 per 
cent of the gross national product. The fear 
` of risk is reflected in legislation and 
fegulation. A programme within the 
_ National Science Foundation supports re- 
search on risk, hoping to provide a rational 
and reasonable basis for technical 
decisions. The availability of funds has 
encouraged a proliferation of consulting 
firms and academic research programmes. 
Indeed, the field of risk assessment, 
engaging geographers and engineers, 
economists and systems analysts, psy- 
chologists and anthropologists, has re- 
placed technology assessment as the 
“fashion of the day. 
Risk analysts are preoccupied with two 
čentral questions: ‘‘How safe is safe 
enough?” and “What factors influence 
perception of risk?’’, Systematic efforts to 
estimate and evaluate the risks inherent in 
different technologies and then to quantify 
the acceptability of risk began to burgeon 
in response to environmental contro- 
versies, in particular over nuclear’ power. 





Hoping to develop a ‘‘rational’’ means to _ 


make decisions about hazardous tech- 
nologies, a number of scholars from the 
field of engineering safety analysis sought 
to establish a quantitative basis to compare 
tisks from different technological choices 
and to calculate their relative costs and 
benefits. They were encouraged by 
legislation requiring the risks of tech- 
ical choices to be systematically 
: | against social benefits. Their 
analytical approaches to risk, based on 
engineering and economic models, in- 
cluded a variety of forecasting and systems 
analysis techniques. They confronted 
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Risk and Culture: An Essay on the 
Selection of Technological and 
Environmental Dangers, By Mary Douglas 
and Aaron Wildavsky. Pp.224. ISBN 
0-520-04491-6. (University of California 
Press: 1982.) $14.95, £11.25. 


serious methodological dilemmas. Indeed, 
the uncertainty about the nature and extent 
of the risks inherent in many technological 
choices seems to defy systematic and 
objective analysis. In any case, the various 
efforts to calculate the risks and benefits of 
technology proved to be poor indicators of 
the political and social acceptability of risk. 
Difficulties in predicting public attitudes 
focused attention on the psychological and 
attitudinal factors that enter subjective 
perceptions of risk. Psychologists began to 
study risk perception through laboratory 
experiments, gaming situations and survey 
techniques in order to identify the sub- 
jective values that guide individual choices. 
Their work on the characteristics of risk 
that influence judgements about accept- 
ability suggests that risks that are 
involuntary, uncertain, unfamiliar and 
potentially catastrophic are most difficult 
for people to accept. In their studies, 
psychologists try to arrive at a quantitative 
determination of risk acceptance. How- 
ever, limited by their focus on the in- 
dividual, they often fail to account for 
variations in the perception of risk in 
different social and cultural contexts. Why 
indeed did the British tourist perceive risks 
so differently from his fellow travellers? 
These social dimensions of risk per- 
ception are the focus of Risk and Culture. 
Seeking to explain the preoccupation with 
risk in American society, the authors start 
with a provocative and promising premise 
—- that it is inappropriate to define simply 


the problem of risk either in terms of - 
objectively calculated physical risks or 
-subjectively biased individual perceptions. 


Between subjective perceptions and phy- 
sical science, they argue, lies a culture; and 
perceptions of risk are necessarily 
embodied in the complex system of beliefs, 
values and ideals which constitute this 
culture. This premise carries the debate 
about risk beyond the narrow technical 
questions of safety and into the domain of 
values and social choices. | 

This view of risk as a socially constructed 
phenomenon is a creative and refreshing 
addition to the risk analysis literature. It 
could lead to research into a variety of 
questions, shedding light on the social and 
political dimensions of risk perception. 


_ Blunders in the business of risk 


However, instead, the authors carry their 


argument in a direction that reflects their. 


personal concerns with challenges to. the 
status quo. 

Their argument is as follows. Risk is a 
kind of euphemism for social and moral 
issues. Both modern and primitive societies 
select dangers to buttress their view of the 
social system. Risk becomes an explana- 
tion of failure, a way of attributing blame, 
amoral judgement about conduct inspired 
by a vision of the social and moral order.. 
People predisposed to prefer different 


forms of social organization will perceive: = 


different dangers. Douglas and Wildavsky 
thus shift the critical question in risk 
analysis from ‘‘What are the real risks?” to 
‘Why do different people perceive risks in 
different ways?’’ “What issues of 
accountability or values are at stake?” 
They build their argument by rejecting 
the conventional assumptions of most risk 
analyses. 
based on scientific evidence, pointing to 


the disputes among scientists and the real. 
uncertainties surrounding many questions 


of risk. They observe how scientific judge- 
ments themselves are rooted in social 
expectations. Similarly, they account for 
the rigid categories of voluntary and in- 
voluntary risk underlying ‘‘objective’’ 
analyses by observing how the choices of 
risk assessment methods are themselves 
biased by underlying cultural assumptions. 
Then they turn to their own analysis, sug- 
gesting how different cultures with shared 
values and social institutions will select or 
highlight certain risks and minimize others. — 

The argument is built on Douglas’s 
superb work on ‘‘pollution’’ — the idea 
that. ‘‘pollution. beliefs? are used by all 
societies to define boundaries that. will 


preserve social categories. and political 


relationships. It isa convincing thesis. The 


__ very language of those concerned withrisks _ 
vividly reveals their social and political — 


orientation. Why else would critics of 
nuclear technology talk of “‘electro- 
fascism’’ or ‘‘nucleocracy’’? However, my- 


enthusiasm for this approach to risk begins | e 


to wane when Douglas and Wildavsky 
develop a three-part typology of ‘‘risk 
portfolios”? in American society. They 
assert that the evaluation of risk is basedon 


(i) hierarchical assumptions, (ii) market or 


individualistic rationality, or (iii) sectarian 
values. The first two comprise a ‘‘centre’’ 
in which maintenance of the existing — 
system is the primary goal. ‘‘Sectarian’’ . 
rationality comprises a border, re 
from the centre of power. The perspectives —— 





They dispose of explanations ue 


remote — 











of sectarian groups on risks reflect their 
rebellion against the centre and their own 
needs to maintain group allegiance. Their 
views are marked by ‘‘disdain of the world, 
fear of pollution, of cancerous contamin- 
ation’’ and are propelled by ‘‘moral 
fervor’’. The sectarian ‘‘wins adherence if 
he can threaten bigger dangers and 
associate them with the corruption of the 
system’’. 

The authors develop their model of the 
sectarian society less from evidence than 
from their own opinion of the radical wing 
of the environmental movement. They 
quickly lapse into pejorative language that 
hardly masks their disdain. They portray 
such groups as self-indulgent and living in 
permanent and nagging opposition to the 
centre with no intention of assuming 
responsibility or power. And they 
denigrate the strengths of sectarian ideals 
suggesting that, when not allowed to enjoy 
government subsidy, such groups simply 
become part of the very system they reject. 

The authors feel that such sectarian 
values are increasingly important in 
American society and have won ‘‘extra- 
ordinary success’’. They do, indeed, 
account for our preoccupation with risk. 
There are, however, many problems with 
their argument. After all, the ‘‘sustained 
assault” by public interest and environ- 
mental groups lasted but a decade. In the 
context of today’s politics the ‘‘extra- 
ordinary success’’ of environmental 
groups as compared to business interests is 
hardly convincing. Moral fervour in the 
United States today comes from other 
directions, indeed from the centre itself. 
Concerned about challenges to the 
hierarchical and market values that con- 
stitute the centre, the authors ignore the 
usefulness of sectarian groups as a source 
of constructive criticism and counter- 
vailing power. They neglect, for example, 
the positive contributions of ‘‘border 
groups’’ such as the alternative technology 
movement who have put forward specific 
proposals for minimizing risk. And to sug- 
gest that such sectarian — i.e. powerless — 
groups could gain power if they really 
wanted it, is to totally ignore political and 
economic constraints. In their criticism of 
such groups, the authors describe 
‘lobbying, litigation and non-violent 
obstruction” as ‘‘border strategies”, for- 
getting that these are also conventional 
political actions exploited by bureaucracies 
and businesses, 

The authors also dismiss the possibility 
that the reality of risk has changed in any 
significant way, essentially ignoring the 
increased scale and changing character of 
technology-induced risk. Associating the 
fear of risk with radical groups, their 
theory has no place for those who work in 
genuinely dangerous jobs, or the residents 
of Love Canal, or the 700,000 middle-class 
people who converged in New York City to 
protest against the risk of nuclear war. 

A cultural theory of risk could be 
developed in a different direction with 





greater emphasis on the social nositiowand | 


the special vulnerability of certain groups 
with limited economic or political choice. 
It could call attention to the experience and 
perspectives of people who deal with risks 
as a fact of everyday life. Clearly judge- 
ments of risk reflect cultural values. But 
after all there is a social reality. If indeed 
the issue of risk has become an arena for 
disputes over power, why not take off from 
this approach to examine critically cor- 
porate perceptions and behaviour with 
respect to risk? Why not ask how factors at 
work and in daily life influence people’s 
risk perceptions? 

Douglas and Wildavsky end their book 
by frankly stating their own bias towards 
the centre. Basing their analysis on the 
acceptance of given institutional arrange- 
ments, they, along wita other risk analysts, 
have masked many problems by avoiding 
critical questions about the very political 
and social relationships that they them- 
selves admit are fundamental to the 
selection and perception of risks. ‘= 


Dorothy Nelkin is a Professor in the Cornell 
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The Expanding Universe: Astronomy’s 
‘Great Debate’ 1900-1931. By Robert W. 
Smith. Pp.220. ISBN 0-521-23212-0. 
(Cambridge University Press: 1982.) £19, 
$29.50. 


ONE of the extraordinary developments of 
twentieth-century science has been the 
recognition and measurement of the great 
size of the Universe. The most dramatic 
moments in this revolutionary understand- 
ing took place from 1918 to 1924, primarily 
at the great mountain observatories in the 
American West, and a focal event was the 
debate on the scale of the Universe between 
Harlow Shapley and H.D. Curtis in 
Washington, in June 1920. 

The Shapley—Curtis debate has achieved 





oe ms near e E status ie 








among astronomers. Robert Smith capital- 
izes on the mystique of the specific debate 
in his subtitle to extend the argumentation 
over a broader time span; and well he 
might, for, as he informs us, the actual. 
encounter before the National Academy o! 
Sciences left a great deal to be desired as far 
as scientific depth was concerned. ‘The — 
main title is likewise stretched beyond its” 
specific technical connotation, and in an 
almost punning fashion refers more to a 
Universe ever larger in man’s conception 
than in physical expansion. 

The Shapley—Curtis—Hubble era has 
attracted a variety of historical treatments 
in the past decade. Smith’s in-depth 
research fills in the contemporary details 
too often blurred by our 20-20 hindsight. 
For example, the status of the globular 
clusters as possible external galaxies has# 
been almost entirely neglected in modern 
historical accounts of the 1915-1925 
period. Similarly, he fills in the story of the 
first faltering attempts in the 1920s to 
derive a relation between the velocities and 
distances of the spirals, without which cer- 
tain aspects of Edwin Hubble’s approach 
to the problem can scarcely be compre- 
hended. 

In giving us a near-definitive account of 
the fascinating and turbulent growth in 
astronomical knowledge, Smith has 
assiduously avoided the historian’s sin of 
evaluating the past with today’s standards. 
Yet it would have been illuminating, I 
think, for him to have allowed that 
Shapley’s joining of the period—luminosity 
relations for cluster-type variables and the 
Cepheids, for which he was criticized at the 
time, was in fact incorrect. Equally, 
Shapley’s own criticism of Hubble’s 
assumptions about the similarity of certain 
galaxies and their components has today 
proved valid. In the event both Shapley and 
Hubble pushed on with their faulty 
programmes, to the considerable advance 
of science in their day. This may well be 
telling us something interesting about the © 
nature of scientific progress, but Smith’s 
strictly historical approach prevents any 
such speculation. B 








Owen Gingerich is a Professor of Astronomy 
and History of Science at the Harvard- - 
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An experiment of Otto von 
Guericke (1602-1686), a pre- 
decessor of Robert Boyle, 
attempting to produce a 
vacuum by exhausting a sealed 
cask filled with water. The 


iltustration is taken from a cor- 
rected reprint of A. Rupert 


Hall's From Galileo to Newton, 
first published in 1963. The 
new edition is published by 
Dover in the United States and 
Constable in Britain, prices $6, 
£4.50 respectively (pbk). 
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heory of Vibrational Spectroscopy 
Application to Polymeric 
is. By Paul C. Painter, Michael M. 
an and Jack L. Koenig. Pp.530. 


N 0-471-09346-7. (Wiley: 1982.) 





7 DISTINGUISHED figure in the field of 
_ vibrational spectroscopy, Professor Jack 
- Koenig of Case Western Reserve University 
has collaborated with two of his younger 
colleagues to produce a book which should 
be, for some time to come, the definitive 
-work on the application of the theory of 
molecular vibrations to polymeric 
_ materials. Starting with a clear treatment 
3 of the classical mechanics of the vibrations 
“Of small molecules using both Cartesian 
-and internal coordinates, the book takes 
the reader in a logical way to calculations of 
‘the normal modes of vibrations of polymer 
chains. 

Due to the exigencies of space, some 
short cuts have been taken. For example, 
although the book starts with a discussion 
of small molecules, there is no mention of 
the formulae for calculating molecular 
internal coordinates from molecular 
Cartesian coordinates. Instead, the general 

© concept of internal coordinates and their 
-relationship to Cartesian coordinates is 

< worked out in detail using matrix tech- 

~ niques. If the reader would like to work out 

the G matrix for small molecules with a 

-desk calculator, he will have to turn to one 
of the listed references. 

However, one gets the feeling that this 
book is really for readers who wish to do 
their calculations using computers. With a 
good computer program, it is possible to 
carry out normal mode calculations 
without actually going into a detailed 

. derivation of the precise mathematical 
~ formulae for calculating each type of 
< internal coordinate. Computer programs 
-are available which define the internal 
“¢oordinates and then immediately give 
instructions for calculating them from the 
. coordinates of the atoms, which must be 
_ supplied as data. This approach is stressed 
-in Chapter 7, entitled ‘‘Solving the Vibra- 
tional Problem Using Computer 
Methods”. The authors note that it is 
difficult to use a desk calculator to solve 
secular matrices whose dimensions are 
greater than 3 by 3 and that it is much easier 
_ togodirectly toa computer. They conclude 
_ their discussion of simple molecules with a 
_ detailed analysis of the benzene molecule. 
This is an area to which they themselves 
~ have made an important contribution in 
elucidating the vibrational spectra of 
“benzene and its two important carbon-13 
: ‘isotopic derivatives, as well as those of 
numerous deuterium  substitutive 
_ derivatives. 
After giving a brief account of the 
-quantum mechanical description of infra- 
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red and Raman intensities, the authors 
discuss the lattice dynamics of chain 
molecules. This is the strongest feature of 
the book. Starting with the simple linear 
diatomic chain, and going to a detailed 
mathematical discussion of the Wilson-GF 
method, they present a clear method for 
calculating the normal modes of helical 
polymeric chains. The theory is followed 
by consideration of the normal modes 
calculations of many common polymeric 


materials. The book closes with an 
introduction to biological polymers which 
includes a discussion of the normal modes 
of polyglycine I. 

Anyone wishing to do research in the | 
field of vibrational spectroscopy of 
polymeric materials, including biological 
polymers, or anyone interested in the force _ 
fields of macromolecules, will find this: 
book a time-saving, helpful introduction to 
avery complex but fascinating subject. e . 





Warner L. Peticolas is a Professor: of 


Biophysical Chemistry at the dca of 


Oregon, Eugene, 


Alternative hosts for genetic engineers 


Noreen Murray 


Gene Cloning in Organisms Other than E. 
coli. Vol.96 Current Topics in Micro- 
biology and Immunology. Edited by P. H. 
Hofschneider and W. Goebel. Pp.259. 
ISBN 0-387-11117-4/3-540-11117-4. 
(Springer-Verlag: 1982.) DM92, $42.90. 


BIOCHEMICAL approaches to the molecular 
cloning of DNA became simple when, in 
1972, it was shown that DNA digested with 
certain endonucleases yielded discrete 
fragments with cohesive ends. In the 
intervening decade, molecular cloning 
techniques using E.coli K12 as host have 
led to a detailed understanding of the 
mechanism of action of several pro- 
karyotic genes and have revolutionized our 
concept of the organization of the 
eukaryotic genome. The full impact of this 
technology cannot, however, be realized 
just by cloning, sequencing and changing 
genes. A complete understanding of gene 
expression requires the cloned genes to be 
studied within the environment of their 
provenance, whilst commercial production 
of polypeptides may demand hosts free of 
endotoxins from which products can be 
exported across the cell membrane. | 
Volume 96 of Current Topics in Micro- 
biology and Immunology surveys the 
current. and potential use of Bacillus 


subtilis, pseudomonads, streptomycetes, 
fungi, animal and plant cells as hosts for 


molecular cloning. In many instances a 
more complete view of any one genetic 
system is achieved by including two 
chapters covering one system. For each 
system the following topics are docu- 
mented: vectors; uptake of DNA into cells; 
the recognition of cells carrying 
recombinant DNA molecules; and the fate 
of the donor DNA following its uptake. 
The development of alternative pro- 
karyotic systems inevitably draws heavily 
upon experience with E.coli where the 
concepts of vector construction. are well 
established. Consequently, novel infor- 
mation is often relatively specialized and 
likely to be of most interest to those readers 


who wish to use bacteria other than E. coli 
as hosts for cloning experiments. For 
Streptomyces much useful technical in- 
formation, including laboratory methods 
and recipes, is provided. Of more general 
concern are the justifications for studying 
different bacterial species and the accounts 
of experiments relevant to the barriers 
preventing expression of heterologous: 
genes. | 


cular biology of Saccharomyces. The 
second of these two articles is in no way 
redundant, but the first (by Hinnen and 
Meyhack) is so clearly presented that it 
should be enjoyed by students of both 
genetics and molecular biology. 

i approached the contributions on 
higher cells as an interested outsider, 
anxious to be informed of some of the more 
exciting developments in molecular 
biology. In the event I found them 


somewhat disappointing. The chapter on 


selectable markers for gene transfer was 
indeed useful, covering the systems and 
their use in transformation with some 
critical evaluation of the resulting studies 


of gene expression. However, a detailed ` 


diagram summarizing the relevant features 
of the Herpes TK gene and a chart 
indicating those aspects of nucleotide 
metabolism of relevance to the selective 
systems in use would have been welcome. 
In contrast, the short chapter on animal 
viral vectors, principally SV40, presents 


only a limited account of the field. Perhaps 5 


the authors anticipated the inclusion of a 
second and complementary article; 
certainly the space devoted to animal viral 
vectors is only a half or a third that for 

either Bacillus subtilis or pseudomonads. 


Unfortunately the volume was conceived © P 


too early to take account of recent success? 


in the transformation of Drosophila cells. 


A detailed survey of liposomes as a 





The fungi are represented by a brief FEEF 
article documenting the beginnings of 
molecular cloning in Neurospora crassa ` 
and two chapters conveying some of the =. 
dramatic advances achieved in the mole- 
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This work is an advanced text 
covering the biology, morphology and 
classification of the Foraminifera and 
their use in stratigraphy and 
palaececology. 


Superbly illustrated, the text draws on 
the author's experience in oil 
exploration and twenty years’ teaching 
at both undergraduate and 
postgraduate level. 


The main features of this work are: 

* A new classification, illustrated 
by hand-drawn figures of the main 
genera, selected scanning electron 
micrographs and 
photomicrographs of thin 
sections. 

* New theories linking the 
morphology of the foraminiferal 
shell with its adaptive function. 

* The integration of the study of 
each of the orders which tend to 
succeed each other in time to 
illustrate their use in 
biostratigraphy and 
palaececology from the 
Cambrian to the Recent. 

* kt brings the student up against 
current problems and the dangers 
of an over- simplified approach to 
palaeocecology, evolutionary 
studies and biostratigraphy, and 
synthesises. the result of recent 
research which is at present widely 
scattered in the literature. 


-For further information write to 
FRANCES ROACH, Product Manager, 
‘Scientific & Medical Division, 
Macmillan Press Ltd., Houndmills, 
ffo Basingstoke, Hampshire RG21 2X5, 
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or prolo fasion. as a means of Nz 


RNA transfer. Plant systems are- repre- | 


sented by comprehensive accounts of 
cauliflower mosiac virus and Ti plasmids of 
Agrobacterium. The former includes as 
appendices a computer print-out of the 
viral DNA sequence and derivative infor- 
mation. 

The broad topic of genetic engineering in 
hosts other than E.coli should appeal to a 
wide audience, and I would hope to find a 
copy of this useful reference material in all 


por 


university libraries. s 


Noreen Murray, currently on leave of absence in 
the European Molecular Biology Laboratory, 
Heidelberg, is Reader in the Department of 
Molecular Biology at the University of 
Edinburgh. 


Pollution in context 
Eirene White 


Principles of Pollution Control. By Francis 
Sandbach. Pp.174. Pbk ISBN 0-582- 
30042-8. (Longman: 1982.) £5.95, $11.95. 


THIS is not a book addressed to the serious 
natural scientist. To be fair, it does not 
pretend to be. It is the first study in a series 
entitled ‘“Themes in Resource Manage- 
ment’’, 

The manifold objectives of the series, as 
stated by the editor-in-chief, Professor 
Bruce Mitchell, are, first 


to identify and examine enduring resource 
management and development problems fand 
thence] to assess responses to these problems ina 
variety of world regions. 


Of particular concern are research and 
action programmes. The former are to be 
evaluated in terms of the nature and 
adequacy of data, the theoretical and prac- 
tical understanding displayed and the 
identification of special problem areas. 
Action programmes are to be reviewed in 
terms of their effectiveness in promoting 
“economic efficiency, social equity and 
environmental harmony’’. 


This orientation [writes Professor Mitchell] 
should provide a departure point for consider- 
ing the transferability of experience from one 
jurisdiction to another. 


A final objective is 


to explore the way in which resource analysis, 
management and development might be made 
more complementary to one another. 


Set against these fairly demanding 
requirements, one may ask how far in his 
study of the principles of pollution control 
Francis Sandbach can be said to have 
complied with them, and in any case to 
what readership his book is directed. It 
would not satisfy a reader looking for a 


S ientificallybased account of pollution- 
,. control over the past few decades or t e 






scientific outlook for the future. But that is 
not what Mr Sandbach envisages. As a 
lecturer in interdisciplinary studies at the 





University of Kent, it is natural that he 
should seek to paint with a broad brush.” 


One needs to go no further than the 
introduction to realize that although he has 


indeed read widely and assiduously about | 


pollution in its various manifestations and 
provides a great deal of helpful factual 
information about how it is handled in 
Britain and elsewhere, he is really turned on 
by social and political theory rather than by 
science or technology. 

Anyone who wants a schematic view of 
pollution control would do better to turn to 
Martin Holdgate’s A Perspective of 
Environment Pollution, published by 


Cambridge University Press in 1979. : 


Nevertheless, 
Francis Sandbach’s thesis, as he forcefully 
illustrates in his case study of asbestos, the 
classic example of the clash of interests 
between health and profits. He devotes 
another chapter to a not very satisfactory 
attempt to discredit what he describes as 
the pluralist/behavioural perspective of 
those such as Eric Ashby and Mary 
Anderson who in their historical account 
of air pollution control in Britain (The 
Politics of Clean Air; for review see Nature 
298, 207; 1982) pay less attention than he 
thinks fit to economic determinants. 

The six preceding chapters comprise a 
rapid and necessarily superficial survey of 
risk/dose/response relationships; cost 
effectiveness; the alternatives of recycling 
or of using a less polluting technology; 
‘the polluter pays’’ principle and the 
possible use of pollution taxes; the setting 
of standards or threshold limit values; the 
choice of strategies; and the administrative 
and legal framework for pollution control 
in the United Kingdom, the EEC and the 
United States, with glimpses of China, 
Japan and Scandinavia. 

There is much of interest in the book, but 
it is all rather breathless, plucking a fact 
here and picking up a figure there. An 
extensive bibliography includes many use- 
ful references to periodical literature 
(including some that may be more emotive 
than scientific). The index, by contrast, is 
exceedingly thin and anyone wishing to 
look up Seveso or Minamata, for example, 
has to scan the text. 

As a means of introducing students to 
the general problems of pollution control 
set in a comprehensive context, this study, 
in the hands of a well-informed lecturer, 
could be very helpful. For the more general 
reader, such as an elected member of a loca! 
authority, who might well be in need of 
guidance, it is likely to be too allusive and, 
at times, bewildering in its range of detail. © 


Baroness White is a Member of the House of 
Lords Select Committee on Science and Tech- 
nology (Water Sub-Committee), and was a 
Member of the Royal Commission on Environ- 
mental Pollution from 1974 to 1981. 
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there is some validity in 
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It is a general human failing, or a failing of our culture, to turna 
blind eye to the fact that one day we will be old and infirm. The 
search for eternal youth brings with it avoidance of the inevi- 
tability of old age. But a few researchers in the United States have 
been asking in recent years whether old age must entail senility, 
_- illness and loneliness or whether through research, people who are 
© now in their 30s, 40s and 50s stand a chance of living out their lives 
in relative good health until the very end. Unfortunately, most 
biomedical researchers and doctors are merely human, they share 
the human preference to not think about old age — let alone 
about how to cure it. 

Two who have held out this new goal, Lewis Thomas, chancellor 
of the Memorial Sloan-Kettering Cancer Center in New York, 
and James Fries of Stanford University Medical Center, invoke a 
poem by Oliver Wendell Holmes, called the ‘‘wonderful one-hoss 
shay’’. The one-hoss shay — American slang for a small carriage 
— worked without a hitch until one day it gave out all at once and 
died. Holmes wished that death would be so kind to us and spare 
us the gradual loss of our hubs, tyres, springs and thills. 

¿oo Thomas argues that basic biomedical research at the cellular 
s level -—- the breakthroughs in Alzheimer’s disease (presenile 
_ dementia) and work on the fundamental processes of memory, 
_ the ageing of cells, the possible switches that are key to vascular 
abnormalities and even cancer — may be found through a steady 
- assault at the fundamental level in coming years. In 1978 he made 
a prediction: “I believe that the major diseases of human beings 
have become approachable biological puzzles, ultimately 
solvable. It follows from this that it is now possible to begin 
thinking about a human society relatively free from disease... 
What can we die of, if not disease?” 

Fries has advanced the concept of the “compression of 
morbidity”. Reduction in the acute illnesses from which people 
used to die continues to add to life expectancy in the United 
States. It is well known that a person celebrating their 65th 
P birthday i in 1953 could expect to live another 14 years; the person 
__ Selebrating their 65th birthday in 1978 could experi to live another 


E Ta the next 20 years at normal fertility rates, the US population will age dramatically. Are science 
and medicine prepared for the challenge and will they respond in the best possible way? 


16.3 years. On the other hand, Fries says that the life span of 


human beings will remain at 85. Medical science will enablemore = 
people to avoid premature death from an acute illness only to have = 


them suffer from the familiar array of chronic diseases: cancer, 
emphysema and chronic bronchitis, vascular diseases, osteo- 
arthritis and Alzheimer’ disease. 

The challenge of both arguments is the same: given the extra-. 
ordinary increase in the numbers of old relative to the numbers of. 
young in the future (see figure), can science make the lives of the 
old healthier, and relieve their dependence on younger family 
members, institutions, and the state? Although the challenge of- 
the demographics is widely accepted, there are many arguments 


about how science and medicine should organize itself for this. — 


challenge. 


One debate particularly among doctors is whether to establish | : 


geriatrics as a separate, licensed specialty, equivalent, for 
example, to pediatrics, cardiology and other medical fields. The 


debate going on in teaching hospitals and medical schools- 


currently centres on whether a separate set of skills is required for _ 
dealing with the elderly and if so, what they are. In the United Be 
States, the problem is aggravated by the fact that a rather small 
proportion of doctors is family practitioners, and most are 
specialists. In the United Kingdom, which has a large proportion — 
of old people, the problem is less serious, because most doctors 
are general practitioners, and treat the elderly as a matter of 
course, 

Another debate is over whether or not to create new institutes 
within the US National Institutes of Health to focus attention on 
particular diseases of the elderly in order to attract money and 
political attention. There is already a National Institute of Aging, 
founded in 1976 and now consuming $82 million a year. And 
some diseases of the elderly are already encompassed within other 


institutes; arthritis, for example, is covered by the National = 


Institute on Arthritis, Metabolism and Digestive Diseases. But 
with the prospect of a new National Arthritis Institute being ` 
foisted upon him by Congress, Dr James B. Wyngaarde, director 
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titutes of Health, has been raising the kind of 


nE to focused institutes that is held by many serious 
omedical researchers. Why fragment research, he argues, 
ensibly; Just when the. extraordinary interconnectedness of 
different diseases — for instance of the arthritis family with 
ysteoporosis and systemic lupus erythematosus — is just 
becoming evident? 
Typical short cycles for funding pose another obstacle to 
attacking the long-term, chronic diseases of the elderly. Most 
"searchers (and doctors) prefer to work on problems that show 
quick, discernible results. But whether senile dementia is linked to 
-- wutrition or to early health, obviously cannot be answered in time 
for the next one- or three-year grant application. 
Fortunately, more private benefactors are realizing that they 
can offer alternatives to traditional, government inspired 
_ approaches. Last week, Philippe Villiers, a Boston businessman, 
gave $40 million to endow a new foundation dedicated to research 
and study of the elderly. Robert N. Butler, who is leaving the 
directorship of NIA after six years, will take a privately endowed 
chair as head of the country’s first department of geriatrics, also 
privately endowed, at the Mount Sinai School of Medicine. But 
the profession would be better off, obviously, with some overall 
plan for how to address these new problems, rather than letting 
the whims of benefactors or the political process shape the future. 
A start will be made soon by the National Academy of Sciences, 
which has just designated a chairman (Robert I. Berliner, dean of 
the Medical School at Yale) for its Committee on the Aging, now 
te being formed under the auspices of the Institute of Medicine. It 
noe should be no surprise that the government did not see the need to 
oe fund an overall study (hence much of it will be paid for with 
academy funds) and that assembling the committee and 
- subgroups has taken time. Ageing is not exactly the status-ridden 
« scientific bandwagon that cancer was 10 years ago. But the scope 
“of the study is very broad, ranging from the impact of the demo- 
= graphics on society to the needs of science and medicine, so the 
study will be a step in the right direction. 

In his diary in exile, in 1935, Leon Trotsky wrote: ‘‘old age is the 
most unexpected of all things that can happen to a man’’. But 
there is nothing unexpected about the ageing of US population, 
and the future, greyer constituency for the results of research and 
for health care. If Thomas is right, biomedical scientists may have 
it within their power to make life more comfortable for these 
people — indeed for themselves in their old age. But to do this 
they must look the problems in the eye and face up to certain 
organisational and philosophical choices. One choice is for the 
US biomedical science community to follow the path of least 
resistance and set up new ‘advocacy’ specialities and institutes 
that would focus political attention on the problems of the 
elderly. The alternative, harder, but probably sounder, choice is 
to inject knowledge of, and concern for, the diseases of the elderly 
into all biomedical research to maximize the chances of the un- 
expected discovery that would lead, ultimately, to improved 
treatment or even cure of the diseases. Similarly, for the medical 
profession it would be better to make the needs of the elderly part 
of all medical training than to establish yet more specialities. 


_ Language of love 


_ French scientists are under pressure to communi- 
cate in French. But can they afford to? 


J The English edition of Scientific American used to sell only 
5; 000 copies a month in France. But the new French edition, Pour 
_la Science, sells 50,000, its editor, M. Philippe Boulanger has 
“claimed. So a mere change from one language to another 
increased communication tenfold. 

This is what preys on the minds of those in France who wish to 
re-establish ‘‘French as a language of science’’. While French 
scientists rush to the microphone at conferences to address their 
American colleagues in English (see this issue p.784), and while 
more and more French scientists publish in English rather than 
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- French (82 per cent of French paper: 





vere pul 
1976, but only 67 per cent in 1980), a hunger - — “and. i neet 
knowledge among the rest of the French nation may go forgotten. 
Moreover, it is from this forgotten part of the nation that the next 
generation of scientists, technologists and technicians will 
emerge. What is more, it is imperative, from the point of view ofa 
socialist government, that the same sector of the nation should, © 
at the very least, be equipped to play an educated role in the 
democratic management of science and technology in the 
country. Meanwhile, many French primary scientific journals are 
declining — the best work being published in English — while few 
good textbooks are now published in French, and science is 
almost absent from radio and television. Is this the nation 
destined to become the technological leader of Europe? 

One can therefore sympathize with M. Jean-Pierre 
Chevènement, Minister of State for Science and Industry, when 
he insists that French scientific culture must be based on the 
French language. His version of the French nation requires it. He 
does not decry international communications. There, he is the 
first to acknowledge, the universalism of English is a distinct 
advantage. Chevénement is determined to improve national 
communication and in pursuit of that goal Chevénement’s 
scientist must look not only outwards, but inwards, towards his 
own countrymen and his own media. 

But in practice, what can the minister do? He starts with the 
knowledge that most French scientists are against him. Professor 
Alfred Kastler, France’s sole Nobel physicist, is a passionate 
Francophone, but he puts the Anglophone argument succinctly: 
“If we publish in French,” the argument goes ‘‘the international 
scientific community doesn’t read us. And if we speak in French 
at an international conference, most of the audience leaves the 
room’’. Briefly: to make contact with Americans, to keep in 
touch with his field, the French scientist must speak English. 
There is no simple solution to the dilemma that is posed for the 
French scientist sympathetic towards Chevénement’s proposals 
but having to survive in a world dominated by the English 
language. 

Professor Kastler has recommended ‘‘taking the offensive” 
But there is only one real offensive: to establish French science as 
a world force — just as the establishment of American science in 
the world (for whatever historical and economic reasons) led to 
the dominance of English. France can still dominate in one or two 
subjects — certain branches of mathematics, for example, and of 
social anthropology — but for the rest the battle will be arduous 
and the outcome must be gloomy. 

Therefore, in most areas of science, French policy seems to 
grasp at straws. The provision of simultaneous translations at 
conferences has already been rejected as too expensive. The 
alternatives of partial translation by pre-print, transparencies or 
by a colleague (as now being suggested) seem artificial. In the 
matter of publication, to publish a paper in French as well as 
English is expensive and time-consuming; and will the editors of 
Comptes Rendues agree to become mere echoes of their counter- 
parts on some English or American journal? Some have suggested 
more rigorous editing and selectivity in the French journals, and 
“vigorous marketing’’. This is a worthy proposal and can do no 
harm to the journals but if French scientists will not submit their 
best work to these journals anyhow, rigour and vigour are of little 
avail. B 

So is all lost for the French plan? Not entirely, insofar as early 
enthusiasms are now being tempered by reality. Certain small, but 
practical things are being done. Data banks and other forms of 
electronically stored information are being developed in French, 
for example, to make France independent of American. data 
sources (there is a strategic imperative here also). And there are 
exercises to establish new, firmly edited journals in fields in which 
France does excel. Small things, perhaps, but the only practical 
ones. It is impossible to stage a- complete revolution against 
English now. And as for French scientists: the measure of the 
success of the programme, in the end, will not be how many 
papers are published in French — but how many foreigners are 
forced to read them. 
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Conference calls 
"bigger 


- UNrole 


Venna 


New and expanded space-related 
activities, recommended to the United 
Nations by the Unispace-82 conference 
which ended last Saturday, should cost the 
United Nations $3.2 million annually — 
almost. four times the 1980-81 budget of 
the existing Outer Space Affairs Division 
ofthe UN Secretariat. These activities, the 
conference proposed, should be funded 


a voluntarily by the member nations, and the 


"UN General Assembly should rearrange its 


budget so that the increase in personnel 
costs may be absorbed within the available 
resources. 

The proposed activities are largely infor- 
mation related, including consultancy ser- 
vices to assist developing countries in 
selecting space technology systems, study 
tours, seminars, and training fellowships, 
the creation of an international space 
information service, expansion of the exist- 


_ ing space library and the establishment of a 
regular newsletter on space. 


«The need for such services became 
abundantly clear during the two weeks of 


— Unispace-82; remote sensing has been con- 


stantly hailed as the answer to environ- 
mental and resource problems, and a 
bewilderingly large range of systems was on 
display for developing countries shopping 
for hardware or know-how. Yet the 
suppliers of these products were often first 
to admit that their data are simply not 


- reaching those who most need the infor- 
mation. One representative of the UK 
- Natural Environmental Research Council 


quoted the case of a remote sensing 
‘programme which identified icebergs 


heading directly for a Canadian off-shore 
oil-rig — with no organizational 
framework through which a warning could 
be transmitted to the rig at risk. 

The conference report called for the 
formulation of international principles on 
satellite remote sensing which would allow 
the ‘“‘sensed’’ state “timely and non- 
discriminatory access under reasonable 


=- conditions” to primary data relating to its 
territory. 










The conference also expressed ‘ eal 


concern” over the approaching Se 


the geostationary orbit with 
mmunications satellites in certain 
uency bands. Research into ways of 
ating the closer siting of satellites is 
rative’’, and the feasibility of using 


E hight elliptical orbits for communications 


satellites should be re-examined. The Inter- 
national Tel SSE nUCaHORS Union was 
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accord on remote se Sj 


recommended to consider introducing into 
its future regulations a clause stating that a 
satellite owner was responsible for 
removing its hardware from orbit when it 
became inoperable. 

Similarly, although the conference urged 
member countries to examine the 
feasibility of direct television broadcasting 
satellites for education in remote rural 
areas, it also urged them to consider the 
possibility of international or regional 
satellite space segments, shared by 
neighbouring countries. 

In general, the conference confined itself 
to the specifics of space technology and its 
applications but there was also a full 


Few winners in Australian budget 


Sydney 

The Australian government’s latest 
budget, framed amid growing speculation 
about an early election, once again cuts 
back on funding for most areas of scientific 
research. The budget, released last week, 
was built around tax cuts and other 
handouts for the middle income earners. 
The government proved once again that 
they see very few votes in research funding. 

Australia spends jess than 1 per cent of 
gross domestic product on research, 
considerably less than most Western 
countries. The government provides about 
70 per cent of this funding, which is an 
unusually large proportion by world 
standards. This year over half this money 
will go to the Commonwealth Scientific 
and Industrial Research Organization 
(CSIRO) and the rest to the other 
government agencies and the universities. 

One of the few bright spots in the budget 
is the re-allocation of A$49 million (£27 
million) to a scheme that favours research 
projects with product-oriented goals. This 


Canada’s array poised 


While Australian radioastronomers 
have just received the go ahead for their 
long baseline array of telescopes (see 

| above) the fate of a Canadian counter- 
part is still in the balance. 

The Canadian Long Baseline Array 
(CLBA) has already been approved in 
principle by the National Research 
Council (NRC) which has selected it over 
several competing big-science projects, 
such as the Canadian high energy electron 
ring and Starlab. A final proposal for the 
CLBA will probably be approved by 
NRC in September. The economic 
development committee of the Canadian 
cabinet will then have to decide whether it 
can afford the Canadian $70 million 
needed to construct CLBA — with $6.5 
million per year running costs — in the 
midst of a recession. 












discussion of the problem of p 
peace in space. After the thre 
committees of the conference had f 
reach consensus on this issue, Dr 
Pahr, the Austrian foreign secreté 
president of the conference, co 
i5-member drafting group, call 
‘Friends of the president’’ 
represented all regional groups and whic 
finally, and with the conference in: extra 
time, found an acceptable consensus 
wording calling on all nations, “‘in © 
particular those with major space 
capabilities”? to ‘‘contribute actively to 
preventing an arms race in outer space’’. 
Vera Rich 














re-allocation came as a surprise because the: 

scheme, funded under the Industrial. _ 
Research and Incentives Act, was left upin = 
the air last year when its budget was frozen. 
after only A$24 million was spent. o 

In the budget, basic research in 
universities has been given A$19 million, 
around 4 per cent less in realtermsthanin «=. 
1981. This continues the steady decline © 
which has gone on since 1975. The funds 
are channelled through the Australian 
Research Grants Scheme (ARGS). which ~ 

now contributes only 15 per cent of the. 
total national research spending compared — 
with 24 per cent in 1975. If ARGS uses its 
reduced budget to maintain the top 
research groups, it will be unable. to 
support about 100 projects that would 
otherwise have been accepted, according to 
Professor Max Brennan, chairman of the 
committee administering the scheme. 

But there were some winners in the area 
of basic research. In astronomy, prior to 
the budget, two proposals were vying for 
patronage. One was the radioastronomers’ 

















The current proposal for CLBA calls |. 
for eight 32-metre dishes spread from | 
British Colombia across to Newfound- | 
land and one smaller dish in the North 
West Territories. Thomas H. Legg, the 
originator of the project, says the CLBA 
could be operating within four to five | © 
years of approval. The schedule is impor- ] _ 
tant, for the United States is planning its | 
own very long baseline array that would | 
stretch across the continent and include | 
sites in Hawaii and Alaska. A proposal | 
for building the system has been sub- |- 
mitted to the US National Science Foun- |- 
dation (Nature 12 August, p.596) but | 
whether it will be included in the US |. 
budget for fiscal 1984 is anybody’s guess. |» 
There is a debate about the need for two | 
separate systems of this size and both the 
Canadian and the US sides have thought 
about a possible link but nothing concrete 
has yet been proposed. 
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“optical astronomers’ “Starlab” project. 
~. With the news that the Australian 
: Telescope has been funded to the tune of 
` A$25 million, CSIRO can now proceed to 
<- develop a continental-scale, radio-linked 
~ interferometer network. When completed 
in 6 years’ time, this should provide a 
Southern Hemisphere radio facility 
~ comparable to the most sophisticated inter- 
_ferometers in the north, complementing 
-the activities in the optical and infrared 
bands of the Anglo-Australian Telescope. 
~~ Phe Australian Telescope will consist of 
_ @ linear array of five 22-metre dishes at 
~ Culgoora in New South Wales, a 22-metre 
-` -dish at Siding Spring (the site of the Anglo- 
` Australian Telescope) and a 64-metre dish 
at Parkes. The total array will be equivalent 
„toa dish 300 km across with a revolution of 
~ 0,1 seconds of arc — comparable to the 
_~ US/European space telescope. It is also 
= proposed that five other sites, covering 
much of the continent, can be radio-linked 
-to the network, improving the resolution to 
one-thousandth of a second of arc. 

The Starlab project has not been so 
fortunate. This joint Canadian, US, 
Australian scheme aims to place a I-metre 
telescope in Earth-orbit by 1989. 
Australia’s contribution was to have been 
< vithe instrument package for the telescope. 

At this stage the government is not 
‘prepared to commit the full A$28 million 
that would be necessary if Australia is to 
participate. But it is keeping the project 
alive by providing A$3.3 million to local 

industry for some preliminary work. 

Australian postgraduate research 
scholars were another notable group to 
“gain in the budget. About one third of all 
= full-time research students enrolled for 
higher degrees are supported on these 
scholarships. They have just been awarded 
a 50 per cent salary increase, presumably in 
recognition of the importance of their 
> work as integral members of university 
` research teams, and as Australia’s future 

_ research scientists. Although this increase 
sounds impressive, the salary of a scholar 
has now only climbed from below the 
official poverty line to a generous A$40 a 
week above (A$6,850 a year). This is still 
_ less than half the average wage and no 
- doubt a measure of the high esteem in 
which many Australian politicians hold 
Australian science. Peter Hunt 
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A fierce protest against the validity of a 
US patent dealing with plant breeding has 
been made public by Professor N.L. Innes, 
chairman of the British Association of 
Plant Breeders and a member of the staff of 
the British National Vegetable Research 
Station. The patent complained of was 
awarded in April this year to the Colorado 
based corporation Agrigenetics Research 
Associates, a seed firm with annual 
revenues of $100 million. 

The invention for which the patent has 
been awarded is described in the published 
version (US patent number 4,326,358) as a 
technique for accelerated production of 
new hybrid strains of plants and rapid com- 
mercial production of seeds from such 
hybrids. The patent claims that seeds of 
desirable new hybrids can be readied for 
marketing in as little as three years rather 
thanthe present eight to twelve years. 

In conventional hybrid production, 
the plant breeder first has to breed two 
different homozygous plant lines from 
which a hybrid ts produced and tested. Not 
only can it take many years to breed the 
homozygous lines but homozygous plants 
often produce low numbers of seeds. 

In its essentials the invention covered by 
the patent starts with the crossing of any 
heterozygous plant — of which there is a 
great variety of good seed producers — 
with a heterozygous or homozygous 
partner. The hybrid offspring of such a 
cross will not be genetically identical but, 
on occasion, the plants will still be suffi- 
ciently similar to be worth testing as a 
potential crop. 

If they have desirable crop qualities, the 
breeder then returns to the parent plants 
and propagates them, asexually, as clones. 
The large numbers of each parent so gener- 
ated are then crossed to produce large 
numbers of hybrids, equivalent to those of 
the original cross of the individual parents. 

The protest from the British Association 
of Plant Breeders (published in full on page 
786) boils down to the assertion that the use 
and advantages of heterozygous parental 
plants as breeding stock are well known 
and that clonal propagation of individual 
plants is now a standard technique in plant 
breeding, so that the particular combin- 
ation of the two principles for which a US 


“WANTED for continuing trade union 
activities under martial law, and for organ- 
izing a strike in Wroclaw University’’ says 
this notice from a recent issue of the 
Wroclaw daily Gazeta Robontnicza. 
Professor Boleslaw Gleichgewicht, the 
subject of this notice, is a leading Polish 
mathematician, a former organizer of the 
clandestine ‘‘Flying University” and one of 
the founder-members of the Wroclaw Uni- 
versity chapter of Solidarity. He is now in 
hiding. 

The notice includes a warning that the 
penalty for hiding or assisting the “fugitive” 
is from three to fifteen years loss of liberty. 





patent has been awarded must be obvious 
and thus not qualified for protection. 
Even the combination of techniques des- 


cribed in the patent is very similar to that © 


used in practice by, for example, British 
sugar beet breeders, says Dr Richard 
Macer, secretary of the British Association 
of Plant Breeders. 

According to Rene Tegtmeyer, of the US 
Patent Office, to which Professor Innes 
has sent a copy of the letter, a formal 
request for reexamination can be filed after 
a patent is issued, but only on the grounds 
of a prior patent or publication that was 
overlooked by the patent office in its 
original examination. Prior public use or 
sale is not sufficient grounds for reopening 
an already-issued patent. Even in the 
Original examination of an application, 
Tegtmeyer says, a foreign use would not 
bar patenting in the United States, 
although a foreign publication could. 

‘Any given detail or sequence may seem 

obvious, but the way they’re put together 
may be original’’, so far as the patent law is 
concerned, says Dr David Padwa, chairman 
of Agrigenetics, who will shortly announce 
licensing terms that will be ‘‘fair and 
reasonable’’. 
A second Agrigenetics patent, applying the 
techniques to a specific species, was 
recently allowed by the patent office and 
should soon be issued. Meanwhile Agri- 
genetics awaits the outcome of its applica- 
tion last January to the European Patent 
Office for a patent similar to the one issued 
in the United States. 


Australian patents bill 


Seeds of doubt 


Canberra 

The Australian government’s first 
attempt to legislate for the protection of 
new plant varieties has blown up in its face. 
The Plant Variety Rights Bill, introduced a 
year ago and passed by the House of 
Representatives in April, is now the focus 
of a political storm. And the Senate has 
referred the bill to its Standing 
Commission on Natural Resources, a pro- 
cedural device for postponing a decision. 

The objective of the bill, of crucial 
importance in a country with a large 
agriculture industry, is to enable plant 
breeders to acquire the same kind of 
proprietary rights in new plant varieties as 
have long been available in some European 
countries. The present Patents Act, 
dependent as it is on the criterion of 
reproducibility, does not protect most 
plant varieties. 

Five years ago, the Australian 
Agricultural Council (a political body 
representing federal and state ministers) 
recommended legislation on plant varieties 
protection with the objectives of 
stimulating the commercial plant breeding 
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mended during the past year, the bill 
rotection to Australian plant 
ers: producing plant varieties, 
iding hybrids, that are novel, 
ictive, stable and uniform. Existing 
ieties will not be entitled to protection. 
‘Both government and opposition have 
‘been surprised at the controversy the bill 

has aroused. Its opponents include 
farmers, scientists, church groups, 
--environmentalists, alternative life-stylers 
and consumer organizations. Many people 
_ employed by the federal and state 
` governments on plant breeding fear that 
: the bill, by making commercial plant- 
og Peeing more profitable, will give the 
- governments an excuse to reduce support 
for.-plant breeding and also increase 

: competition from the private sector, 
: ‘perhaps by the production of ‘‘cosmetic’’ 

‘varieties. 

Even the claim that protecting plant 
varieties will stimulate the Australian 
private sector is disputed on the grounds 
_ that Australian farmers are at present only 
buying in one per cent of the seeds they sow 
each year — too little to generate much 

“revenue. Some critics say that the most 

-probable result will be to flood the market 

with seeds imported from overseas. 

: Thefateof the bill is at this stage unclear. 
| Hitherto, it had been thought that the fate 
_ of the bill would depend on the votes of the 
< Australian Democrats, the minority party 
that holds the balance of power in the 
‘Senate and which sees its role as a watchdog 
over the machinations of the major parties. 
a ("Reep the bastards honest” is its motto.) 
‘But several government senators now have 
cold feet about the bill. 

One possibility is that nothing is decided 
“until after the next election, particularly if 
that | is called as early as the beginning of 
1983. If there is an early election, 
"everything will depend on which party is 
returned to Canberra. The present 
government might simply reintroduce the 
bill, The Labour Party, if elected, would 
-probably let it die a natural death — and 
` then find that it had to devise an alternative 

of its own. Vimala Sarma 












‘German nuclear power 





Four new nuclear power plants at a go 
nay seem like a boom but appearances are 
septive. The Federal German atomic 
wer industry has problems. Although 
rk began recently on the sites at Isar II 
Bavaria) and Emsland, Lingen (Lower 
axony) and approval for Biblis C (Hesse) 
nd Neckar-Westheim (Baden- 
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'ürtemburg) seems little n more than a for- 


; p 
type . defensive planning that aims to 
expedite technical approval and confine 
local enquiries to siting and radioecology. 

The electricity industry in West 
Germany is private, with a legal monopoly 
position based on laws dating from the 
1930s. Most new power stations are fin- 
anced by consortia, usually combinations 
of power companies and local government. 
The two-stage Federal~Land vetting pro- 
cedure which keeps nuclear issues in 
political focus, stringent safety regu- 
lations, lengthy planning processes, and 
battles with environmentalist groups have 
turned the construction of atomic power 
plants in the West Germany into an 
obstacle race. Costs are now double those 
in France. Electricity prices are dis- 
appointingly high and industries now 
renegotiating 20-year contracts signed in 
the optimistic 1960s may consider import- 
ing from France. It is suggested that heavy 
industries may eventually emigrate to sites 
close to the French power plants. While 
West Germany has only 11 functioning 
nuclear power plants and 14 awaiting 
approval or under construction, Electricité 
de France has 24 functioning units and 26 
in various stages of planning and 
construction. 

Atomic power is controversial in West 
Germany: The CDU/CSU accuse the 
government of damaging the industry by 
ambivalence, imposing unnecessary 
controls, and dragging its feet on the re- 
processing facility. The SPD is divided on 
the issue and the Greens (Nature 17 June) 
oppose use of atomic power categorically. 
Not only is the Bonn SPD/FDP coalition 
shakey and the SPD losing votes on the 
right to the CDU and on the left to the 
Greens, but the CDU itself is on the brink 
of a leadership conflict. With the Greens 
set to gain 10 per cent in the House election 
on 26 September and over 5 per cent in the 
Bavarian elections on 10 October, the 
major parties want to play down the 
nuclear power issue. For the time being 
there will be no decision on Biblis C which 
will add 1,300 megawatts to what at 2,500 
megawatts is already the biggest atomic 
power complex in the country. 

The Federal government participates 
financially only in prototype reactors. The 
fate of the fast breeder at Kalkar on the 
lower Rhine and the high temperature 
reactor at Schmehausen in the Ruhr awaita 
meeting of the Nuklearkabinett on 31 
October. In June this year, escalating costs 
led research and technology minister 
Andreas von Bulow to advocate halting 
both these projects, They were reprieved by 
Helmut Schmidt, chairman of the 


Nuklearkabinett, who insisted that for 


reasons of national prestige the projects 
should be retained. 

Meanwhile the future of the Federal 
German nuclear industry looks as unclear 
as that of the Bonn government. 

Sarah Tooze 
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Waatre, The Netherlands E 

Eurochemic, a nuclear fuel reprocessing 
plant in Mol (Belgium) which was closed i in 
1974, is likely to begin work again, T 
international project shut down whe 
Britain, France and Germany decided to 
their own way, but on 2 July one of thet 
chambers of the Belgian Parliament vo 
to reopen the plant and it is expected 
the Senate will do the same, at the sa bs 
October. 

If the Senate agrees, a new fuel c} 
company will be formed covering the 
whole nuclear cycle, with the Belgian 
government and the utilities taking equal 
shares. One or two subsidiary companies 
will take care of reprocessing and fuel 
fabrication. A new fuel will be produced: a 
mixture of uranium and plutonium, - 

The capacity of the reprocessing plant, | 
which is now 60 tonnes per year, will 
probably be doubled. Without the plant, 
Belgian nuclear power stations would have 
had no place for spent fuel after 1985. A 
120-tonne capacity at Mol also provides an 
opportunity to reprocess spent fuel from - 
other countries. Ee 

The Belgian plant at Mol is now — after 
decontamination — cleaner than many — 
experts thought possible, according to Dr. 
Jacques van Gell. Radiation levels in the 
cells are only slightly higher than natural 
background levels, after 200 million curies 
have passed through them. ‘This is a world : 
achievement”, says Detilleux. PUENTE 

The reprocessing process will be changed 
at Mol, from the dissolving method to the 
mechanical chop and leach process. The. . 
existing fuel fabrication company i 
Belgonucleaire, on the same site at Mol, © 
will become part of the second subsidiary _ 
company and will produce plutonium for: 
fast breeders but also for thermal reactors. 
Although Dr Detilleux considers that 
breeder reactors will not be needed for the 
next 15 years, using plutonium in 
conventional thermal reactors should give : 
Belgium a more secure supply of fuel. i 

There has been considerable criticism of : 
the Belgian vote in the Netherlands. Thi 
plant is only 15 km from the border, and 
after a number of ex-employees had told 
incidents at the plant between 1966. al 
1974, Dutch public interest group 
protested against reopening and regiona 
authorities asked for more information : 
and for early warning systems in case of 
accidents. The Dutch under-minister for 
the environment, Mrs Ineke Lambers, was 
disappointed about the Belgian decision. 
Only the previous day, she had 
recommended in the EEC Council of 
Ministers that arrangements should be 
made for the European Parliament tosettle- 
such trans-border pollution issues. ‘This is. 
a proof that such settlements are fay 
away’’, she said. : 
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a The French onai $ campaign to 
re-establish French as a language of science 
is under severe stress — as thousands of 
foreign scientists descend on France for the 
1982 conference season, attracted by the 
climate, the food and wine and, of course, 
the science. But these scientists mostly wish 
to speak English, not French, and there are 
not enough technical translaters to go 
round (nor money to pay them.) 
» Breaking point came a couple of weeks 
ago at the 21st international conference on 
high energy physics in Paris, where even the 
F rench spoke English. 
_ Government determination to push on 
with the language programme is unbowed. 
-But there has been a shift of emphasis from 
the tone of the circular sent out to 
-researchers last September, which spoke of 
-the need for French scientists to make 
-presentations ‘‘in our language”. For at 
the high energy conference participants 
~ were faced with a questionnaire in four 
-languages (French, German, English and 
_ Spanish) asking them what they thought of 
simultaneous translation, multilingual 
posters and other means of dealing with the 
Janguage barrier. The point is that the 
“government is now supporting not just 
-French as a language of science, but also 
“Italian, Russian, Japanese, Spanish, 
- Arabic, Chinese and the rest. ‘‘We will do 
all we can to demolish the monopoly of 
English’’, said the programme director. 
c> Fhe objection to English is that — out- 
side Anglophone countries — it leads to the 
creation of an artificial barrier between 
those scientists who can cope easily with the 
_ language and those who cannot, so that 
- English is used as a matter of status and 
hence of isolation of one group from 
another. English thus militates against 
_ “democracy” in French science. More- 
over, in France the government has taken 
an overriding interest in all means of 
increasing communication between 
scientists and industry, and this 
**snobbish’’ division is seen as a real barrier 
to industrial development. 
< Government determination, however, is 
ot enough. Money is also required. To 
provide simultaneous translation for a 
yumber of languages at a major conference 
s expensive — about FF350,000 (£30,000) 
for a conference of 1,500-3,000 partici- 
ants for three or four days, estimates 
{IDIST, the Mission Interministerielle de 
Information Scientifique et Technique in 
which the ‘‘French as a language of 
ence’’ programme is based. Short of the 
necessary wherewithal, and of technically- 
trained translators who can deal with 
) unology on the one hand or high- 
energy physics. on the other, MIDIST this 
year i is resorting to experiments on means 
caper | than simultaneous translation. 
cm total cost of FF600, 000 at 20 











e ‘Shnultaneous: ‘translation o 


would be divided by subject and language. 
® Distribution of a typed resumé of 
presentations in various languages. 

@ Bilingual transparencies, to be prepared 
before each talk. 

@ Paragraphy-by-paragraph translation 
of a talk by a bilingual colleague. 

@ The résumé on request, by a participant, 
of the essential points of a talk in the 
language requested. 

The results of these experiments will be 
tested in part by questionnaire, and may 
result in more positive action during the 
conference season of 1983. Robert Walgate 


Astronomer on fast 


Patras, Greece 

Professor Leonid Ozernoi of the 
P.N. Lebedev Physical Institute in 
Moscow began a hunger strike on 17 
August in the face of the refusal of the 
Soviet authorities to grant him and his 
family visas for emigration to the 
United States. His case was being widely 
publicized at the General Assembly of 
the International Astronomical Union 
at Patras, Greece which finishes on 26 
August. 

Professor Ozernoi is well-known for 
his work in high-energy astrophysics 
including theoretical studies of pro- 
cesses in quasars and the nuclei of active 
galaxies. He applied for emigration in 
June 1979. Following the application, 
his wife lost her job as a sociologist and 
has since been unable to obtain another 
postion; he was barred from attending 
international conferences, removed 
from the board of Letters to the Astro- 
nomical Journal of the USSR and pre- 
vented from teaching. A paper of his 
was omitted from a book for which it 
was scheduled. Nearly 212 years after 
applying to leave the country he was 
refused, his departure being ‘‘con- 
sidered inexpedient at this time’’. 

The Harvard-Smithsonian Centre for 
Astrophysics has invited Professor 
Ozernoi to work there, while the 
executive committee of the Inter- 
national Astronomical Union (IAU) 
will be considering whether or not to 
become involved officially at its next 
meeting in September. 

A petition on behalf of Professor 
Ozernei was cirulated at the IAU 
Assembly. Addressed to E.R. Mustel, 
Chairman of the Astronomical Council 
of the USSR Academy of Sciences, it 
also concerned Dr Alpert of the 
Institute of Terrestrial Magnetism 
Radio Research and the lonosphere of 
the USSR Academy of Sciences, who 
has experienced demotion and 
restrictions on his work since his 
application for exit in 1975. 

Philip Campbell 
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Washington E 
“A new choice for freedom from ar- 


thritis pain. . . Coming soon from Geigy.” 


This advertisement, accompanied by a 
colour illustration of a dove flying from a 
pair of outstretched hands, appeared in 
medical journals last. autumn. At first 
glance, it seemed much like the many other 
eye-catching advertising pieces that the 
drug companies invest in so heavily to 
promote their wares in their highly com- 
petitive business. The strange thing about 
this advertisement, though, is that nowhere 
is the name of the drug mentioned. In fact, 
the drug had not yet received approval 
from the Food and Drug Administration © 
(FDA). 

Over the past year or so, this tactic and 
others for the pre-approval promotion of 
drugs have become increasingly common. 
Recently, FDA has been trying to do some- 
thing about it. 

FDA has broad powers under the federal 
drug laws to regulate the labelling of pre- 
scription drugs it has approved. By 
extension, this has been applied to adver- 
tising and other promotional literature. 
Any advertisement for a prescription drug 
must, for instance, include complete infor- 
mation on side effects, precautions and 
proper dosage. FDA also scrutinizes 
headlines and claims made in promotional 
material for accuracy and proper balance. 
A false or misleading promotion can render 
a drug ‘‘misbranded”’ and liable for seizure 
— a remedy FDA has occasionally used. 

FDA regulations also prohibit the . 
promotion of a drug’s safety or usefulness 
before approval, since it is the safety and 
usefulness that FDA is attempting to 
determine in its review of a new drug appli- 
cation. But what if the drug’s name is not 
mentioned in pre-approval advertising? 
That was apparently what the drug 
companies asked themselves; and thus a 
loophole was opened. 

Possibly the most effective of these pre- 
approval advertisements are of the variety 
shown opposite. A graphic motif is intro- 
duced in the pre-approval advertisement, 
which is carried over to the post-approval 
— and, the advertiser hopes, the favour- 
able first impression is carried over as well, 

No warnings, precautions or contrain- 
dications encumber the pre-approval 
advertisements. But neither does the drug’s. 
name, and that puts FDA in an awkward. 
position. ‘‘Without the mention of a dragi 
product, it becomes difficult for us to say - 
that isan advertisement” under FDA regu- 
lations, says Kenneth Feather, acting chief 
of FDA’s drug advertising regulation 
branch. 

Now the agency hopes to set limits on 
pre-approval advertisments. Last month, | 
FDA issued a list of “recommendations” — 
aimed to stop what it sees as infringements — 
of the Spirit of the law. | 
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In particular, the agency said, it will 
object to any advertisements that ‘‘make 
claims of safety and efficacy even if the new 
drug is not specified’’. On the other hand, 
_ if the name is specified, FDA says, 
. advertising copy may not suggest the drug’s 
¿i indications, uses, safety or effectiveness, 
-nor may any other advertisements or even 
the graphics that appear. In other words, 
the advertisement can say only ‘‘Fribulate, 
coming soon from Wonder Drugs, Inc.”’. 

Pre-approval advertisements such as 
that shown here for Ciba’s Ludiomil fall in 
a middle ground. The FDA says they are in 
general acceptable, but the dividing line is 
fine. 

A case that came nearer to that line was 
Marion Laboratories’ pre-approval 
campaign for Carafate, an antiulcer drug. 
~ The advertisements proclaimed the new, 
unnamed drug ‘‘a new era in ulcer 
_. therapy’, aclaim that FDA might well take 
exception to if it appeared in post-approval 

-advertisements naming the drug. 

Another loophole that concerns FDA is 
pre-approval promotion of drugs at 
scientific meetings. The FDA regulations 
specifically exempt seminars and scientific 
publications from its ban on representing a 
drug as ‘‘safe or useful” prior to approval; 
this is to allow a full exchange of scientific 
information concerning the drug. But 
oe to Kenneth Feather of FDA, 
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some firms have been stretching their inter- 
pretation of this exemption. He says he has 
seen several ‘‘scientific exhibits’’ at 
meetings that had all the hallmarks of pro- 
motional exhibits of the ‘‘flashing lights 
variety”’ 

At the recent Pan-American Congress of 
Rheumatology, for example, Lederle 
Laboratories, had an exhibit which offered 
to visitors who stopped by free computer 
photographs along with a flyer with the 
headline ‘‘Fenbufen: a highly effective 
non-steroidal anti-infammatory drug with 
an unsually low incidence of serious GI 
complications’’. According to a letter that 
Feather sent Lederle, the exhibit was 
promoting Fenbufen, which the FDA has 
not yet approved for sale in the United 
States, although it 1s sold elsewhere. 

After FDA objected, Lederle issued a 
statement that it ‘regarded the congress as 
an international meeting’’ and that ‘‘since 
requirements and practices differ from 
country to country. . . itdoes not appear 
equitable to adhere to those of any single 
country’’. FDA officials say, however, 
that it is nothing new for US laws to apply 
within the United States to US companies. 

A similar incident occurred last year at 
the American Rheumatism Association 
meeting in Boston, where Pfizer Pharma- 
ceuticals showed a film promoting Piroxi- 
cam, an anti-arthritis drug not yet 
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qualified as a ‘‘scientific exchange” since it 
was shown at a cocktail and buffet 
reception sponsored by Pfizer and that 
there was virtually no scientific discussion.. 
According to FDA, the only question from. 
the audience following the screening was, 
‘When will the drug be available?” 
FDA’s recourse in these cases is unclear. 
They may order the companies to stop an 
advertisement or not to show a film again; 
but this, says Feather, is ‘‘shutting the barn. 
door after the horse has bolted’’, since... 
most of these pre-approval promotions are - 
designed to be one-shot campaigns, And 
the remedies available after a drug is on the .- 
market, such as seizure, do not apply 
beforehand. z 
The recent Oraflex case, though, may 
cast a chill over the industry’s own eager- 
ness to pursue aggressive promotional 
campaigns. In late July, shortly before 
sales of Oraflex were suspended following | 
reports of 61 deaths among users in Britain, — 
FDA notified Lilly that a press kit prepared 
for Oraflex contained false or misleading _ 
statements. FDA said it seriously under- — 
stated the drug’s side effects and implied = 
that Oraflex had a unique ability to fight. 
the underlying disease in arthritis patients. 
In fact, FDA says, Oraflex is just another 
non-steroidal anti-inflammatory agent, 
and any claims about its disease-fighting — 
ability are based solely on speculative infer- 
ences from animal studies. : 
After such a hard sell, the backlash that 
came when the reports of adverse effects 
started accumulating was all the greater. If. 
the drug is ever cleared for sale again, FDA 
will probably require stiffer labelling — 
designed to counter the false impression: ` 
that Lilly’s press campaign created. Re 
FDA officials have raised the spectre of -o 
stiffer labelling requirements to counter.” 
pre-approval claims as well, a threat that 
will probably weigh heavily in the. 
industry’s decisions on future promotions. 
Stephen Budiansky 
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i Zi apribt 982} has recently 
io ABrigonetics Regearch 
olorado for the 
ise ob ti issue culture tmicropropagation in 
vitro) for the multiplication of parental plants 
-to produce hybrid seed of crop varieties. The 
patented procedure is intended for the rapid 
‘development, evaluation and commercial 
_ production of hybrid seed from pairs of 
parental plants chosen for their specific 
< combining ability and uniformity of the hybrid 
“between them irrespective of their degree of 
“homozygosity. The specific example describes 
- othe application of the technique to tomatoes. 
It is understood that equivalent patents in 
=: other countries have also been sought. 
Both public and private plant breeders must 
feel concern that this patent purports to give 
rights over the use of techniques that have 
been part of the stock-in-trade of plant 
breeders for some considerable time and have 
already been used commercially. We would 
therefore like to draw attention to the 
conditions governing the validity of patents on 
<c plant tissue culture in the United States, as 
well as to evidence in the scientific literature 
on the widespread use of tissue culture 
techniques by plant breeders before the US 
patent application was made. 
Bagwill! has summarized the validity of 
patents on plant tissue culture techniques in 
the United States. Among the key points made 
by Bagwill are: 
@ A person shall be entitled to a patent unless 
— (a) The invention was known or used by 
others in this country, or patented or 
described in a printed publication in this or 
a foreign country, before the invention 
thereof by the applicant for patent. 
(b) The invention was patented or 
described in a printed publication in this or 
a foreign country or in public use or on 
sale in this country, more than one year 
prior to the date of the application for 
patent in the United States. 
A patent may not be obtained . . . if the 
differences between the subject matter 
sought to be patented and the prior art are 
such that the subject matter as a whole 
~ would have been obvious at the time the 
. invention was made to a person having 
ordinary skill in the art to which said 
; subject matter pertains. 
In the light of Bagwill’s remarks it is pertinent 
to observe that: (1) The essential principles 
md techniques in the patent were known and 
sractised by others well before the patent 
pplication was filed. (2) The practical value 
of the particular combination of pre-existing 
“principles and techniques outlined in the 
application had been recognized previously by 
others. (3) The value of the approaches 
“outlined in the application to variety 
development and production were already 
“obvious to any person having ordinary skills in 
the relevant disciplines. 
he case for patentability is based on a 
aber of premises which merit comment: 
Htilization of hybrid vigour in developing crop 
ari ties: The | value of hybrid vigour in 












developing superior crop varieties has been 
recognized and exploited by plant breeders for 
more than 100 years. Beal was the first to 
recommend the use of hybrid varieties of 
maize; recognition of their commercial worth 
in other crops followed later. This principle is 
now universally acknowledged by biologists 
and is discussed in most textbooks on plant 
breeding”. 

Phenotype uniformity obtained from specific 
combination of heterozygous parents: The 
concept that first generation hybrids of 
acceptable phenotype can be obtained by 
crossing two heterozygous stocks has been 
known and used for a very long time. For 
example, varietal hybrids of maize were 
exploited commercially at least 150 years ago?. 
Controlled experiments on varietal hybrids of 
maize were reported in the 1870s? and interest 
in them was revived in the 1960s*. The 
difference between a varietal hybrid and the 
type of hybrid described in the patent is one of 
degree rather than of kind. 

In the description of the patented procedure 
it is noted that some, but not all, hybrids of 
pair-crossed heterozygous plants are 
sufficiently uniform in phenotype to be 
acceptable as commercial varieties. This is not 
a new idea. Differences in uniformity for 
important traits were noted among double- 
cross hybrids of maize more than 40 years 
agot. To any person with a knowledge of 
genetics it is obvious that if there are 
differences in phenotypic uniformity among 
double-cross hybrids, they would also occur 
among hybrids produced by crossing 
heterozygous single plants because the same 
genetical principles apply in both cases, 
Progeny testing and specific combing ability: 
In the patented procedure, selection among 
potential parents of hybrids is based on the 
field performance of their hybrid progeny. It 
acknowledges that the best way to exploit 
specific combining ability is to make and test 
the hybrid that will eventually be released as a 
new variety. The concept of exploiting specific 
combining ability in this manner is not new. It 
was the basis of Hull’s® recommendation that 
an inbred tester be used in developing new 
single-cross hybrids and is also an important 
feature of the full-sib selection systems 
developed by Hallauer’, Lonnquist and 
Williams® and Hallauer and Eberhart? for 
maize. The only significant difference between 
these methods and the patented method is the 
manner in which selected heterozygous plants 
are propagated. 

Seed yields fram heterozygous parents: The 
principle that greater yields of good quality 
hybrid seed are obtained if the parents of a 
hybrid are themselves heterozygous has long 
been known to breeders of cross-pollinated 
crops. It was embodied in Jones’!” proposal 
of 1918 that double-cross hybrids of maize 
should be used as commercial varieties. The 
same principle was later exploited in three-way 
cross hybrids and again in modified single 
crosses and sister line crosses”. It has also been 
used in the production of kale hybrids?! and is 
a concept used in the breeding of hybrid 
Brussels sprouts}? and onions'3. 


Vegetative propagation: The vegetative 
propagation of heterozygous plants to provide | 
adequate stocks of genetically identical plants n 
for hybrid seed production is crucial to the 
procedure patented. However, the idea that 
cloning can be used to perpetuate and increase 
unique genotypes that cannot be maintained 
without genetic change by sexual methods of 
reproduction is common knowledge?"!4~"’, Its 
particular use in the production of hybrid 
seed has also been repeatedly = n 
recommended? !1:14,18-25. The special value ot S 
micropropagation in vitro as a potentially 
more efficient substitute for vegetative 
propagation in vivo is also generally 
acknowledged !4.15, 

On the basis of our interpretation of 
Bagwill’s paper! and the evidence presented 
here, we find it difficult as scientists to see 
how the conditions recited by Bagwill can have 
been satisfied in the process of obtaining this 
patent. We strongly urge the United States 
Patent and Trademark Office to re-examine 
this particular patent and if similar 
applications are made elsewhere to consult 
specialist opinion more widely before granting 
other plant patents that may similarly restrict 
the use of techniques and combinations of 
techniques that are common currency among 
plant breeders worldwide. 


N, L. [INNES 


British Association of Plant Breeders, 
The Plant Royalty Bureau Lid, 
Woolpack Chambers, 

Market Street, 

Ely, Cambs. CB7 4ND, UK 
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Man the exterminato 


THE spread of European populations over 
the globe that followed the discovery of 
America soon led to the extinction of many 
species and local populations, including 
populations of man himself. Among the 
best known cases are those of the Dodo, 
Passenger Pigeon, Steller’s Sea Cow, 
Tasmanian Wolf and Tasmanian humans. 
The colonizing Europeans often encoun- 
tered local hunting groups who obeyed 
taboos that effectively promoted con- 
servation of the wild life on which they 
depended. So arose the legend that 
man the hunter-gatherer is prudent, 
and only civilized man is an extermin- 
ator. Accumulating evidence, much 
of it recent or controversial, suggests 
that the truth may be very different. 

Hunter-gatherers and neolithic 
agriculturalists seem now to have 
played the part of exterminator when- 
ever they occupied new areas of the 
globe. That the areas occupied by man 
in the past 50 millennia have suffered 
extinctions, especially of large 
animals, is undisputed. What remains 
controversial is which extinctions 
preceded and which followed man’s 
arrival and how the latter extinctions 
took place. 

Many other waves of human migra- 
tion preceded that of the Europeans. 
Only in Africa and Eurasia is man’s 
antiquity measured in millions or 
hundreds of thousands of years. 
Present estimates suggest humans 
reached Australia and New Guinea 
50,000 yr BP, North and South 
America 20,000 yr Bp, the West Indies 
5,000 yr BP, outer Melanesia (New 
Caledonia and Fiji) 34,000 yr BP , and 
Madagascar, New Zealand and 
Hawaii 1-1,500 yr BP. 

The best understood of the early extinc- 
tion waves occurred on New Zealand. In the 
200 years since Europeans arrived, eight bird 
species are known to have become extinct. 
The discovery of moa bones, however, testi- 
fies to earlier extinctions. Until about 25 
years ago, it was generally thought that 
moas had been dying out naturally', and 
that few remained when Polynesian 
colonists arrived around ap 1000. 
Excavations and radiocarbon dating have 
now shown that these colonists encountered 
at least 30 bird species, including 
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the 13 moas and 9 other flightless species, 
that had vanished by the time Europeans 
began surveying the avifauna in the 
1800s*-*. The moas disappeared in a north- 
to-south wave ending at the south of New 
Zealand’s South Island in the 1600s’. In the 
same period, breeding fur seals became 
extinct on North Island (now confined to 
South Island), and large lizards, frogs and 
flightless insects became extinct on the New 
Zealand mainland (now confined to off- 


> 


a 


shore islands). 

Graphic witness to a role of overhunting 
in at least some of these extinctions are 
archaeological sites with stone ovens and 
hundreds of butchered moa skeletonsź. 
But overhunting could hardly explain the 
extinctions of frogs and flightless insects. 
Even for the moas, it is hard to accept over- 
hunting as the sole explanation on South 
Island, where human population densities 
were very low. Other causes, including the 
clearing of forest, predation by introduced 
Polynesian rats and introduced diseases, 
must also have contributed to the 
Polynesian-linked extinctions*’:!°-!?, 

In New Zealand, both the arrival of man 
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and the extinctions are very recent and well 
documented. Yet it was long uncertain 
whether the New Zealand extinctions were 
even contemporary with human settle- 
ment, and it is not clear exactly how they 
took place, as is indeed often the case even 
for extinctions occurring under biologist’s 
eyes today. No wonder then that the facts 
are disputed for earlier extinctions that are 
less accessible archaeologically, elsewhere 
in the world. 

Around the time that Polynesians 
reached New Zealand, two other 
isolated islands with rich biotas were 
also first settled by man: Hawaii and 
Madagascar. When Europeans sur- 
veyed the Hawaiian avifauna in the 
nineteenth century, they found 49 
land and freshwater bird species (two 
of them flightless), of which at least 15 
are now extinct. This European- 
linked extinction wave is well known, 
but studies of subfossil bird bones 
reported in the current issue of Science 
show that it was preceded by an even 
larger Polynesian-linked extinction 
wave!?:'4_ At least 39 recent fossil 
species have been discovered that had 
disappeared before European arrival. 
Bones of most of these species have 
been found either in Polynesian 
archaeological sites or in deposits con- 
temporary with these sites, proving 
that the extinctions followed the 
arrival of man. The lost prehistoric 
avifauna includes at least 7 species of 
goose, many of them flightless, plus 
two flightless ibis, seven flightless rails 
and at least fifteen subfossil species of 
the Hawaiian endemic tribe Drepani- 
dini (the Hawaiian finches or ‘honey- 
creepers’). The radiation of Hawaii’s 
geese, as of New Zealand moas, 
presumably filled grazer niches in the 
absence of mammals other than bats. 

Madagascar also had a remarkable 
subfossil fauna that disappeared before the 
Europeans arrived'*-'*. It included about 
14 large or giant lemurs, which together 
with about 19 surviving species constituted 
the richest sympatric primate community 
on Earth; 6-12 species of the giant flight- 
less elephant birds (Aepyornthidae); 2 
giant tortoises; and a hippopotamus, 
aardvark and large viverrid. The elephant 
birds and tortoises would have been the 
dominant terrestrial herbivores, equivalent 
to the moas and Hawaiian geese. Humans 
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fi ollowed i in the next six centuries. 
_ For New Zealand, Hawaii and 
Madagascar the arrival of man was so 
recent, and (at least for New Zealand and 
~ Hawaii) the occurrence of extinct species in 
“archaeological sites or levels so well docu- 
- mented, that the extinctions are obviously 
due to man rather than to late-Pleistocene 
climate changes. In the West Indies!?°, 

the story becomes -more complicated, 

because humans’ arrived earlier (about 
5,000 yr ago) and fossil extinctions have yet 
to be dated. Fossil mammals included 
_ about nine ground sloths, numerous 
_ rodents up to the size of a bear, insectivores 
and a distinctive but enigmatic monkey. 
. Carnivorous birds radiated in the absence 
-of carnivorous mammals: a condor, giant 
. eagle, barn owls of three different sizes 
- (normal, giant and enormous), and an 
enormous and possibly flightless strigid 
owl. Other extinct species include lizards 
and giant tortoises, as well as other birds. 
When each species went extinct is largely 
unknown, but there seems to have been at 
least three stages: late-Pleistocene 
extinctions due to moister climate and 
rising sea level and especially affecting 
species of dry habitats; a wave of extinc- 
.. tions when Amerindians arrived five mil- 
lennia ago; and another, continuing wave 
-that began with the arrival of Europeans in 
1492. 

On the North and South American con- 
tinents a wave of extinctions peaking 
around 10,000-12,000 yr ago eliminated 
about three-quarters of the genera of large 
mammals (weight > 100 Ib)!>-2!~6, 
Although there is now no dispute that the 
extinctions occurred after man arrived, the 
* question of whether the extinctions were 
due to man or to the late-Pleistocene 
-> climate changes remains controversial for 
: several reasons. First, the New World 
differs from the previously discussed cases 
<in that the arrival of a wave of human 
= hunters around 12,000 yr BP (the Clovis 
- hunters)** coincided with the rapid climate 
-changes at the end of the Pleistocene. 
— Second, most archaeologists believe that 
-other humans had already reached the New 
“World well before 12,000 yr BP, so that 
those who maintain the extinctions to be 
“man-related have to postulate that the 
arlier colonists were either inefficient or 
indifferent big-game hunters. Third, clear 
associations of human artefacts with 
xtinct fauna are very few, a fact which 
Mosimann and Martin? explained by a 
blitzkreig model’ of extinction — that is, 
hunters encountering native large animals 
decimate them so quickly that the period of 
coexistence between animals and man is 
grief, leaving few remains for archae- 
ologists to distinguish from carcasses of 
animals that died naturally. This recon- 
struction seemed daring when first 
proposed, ‘but it now appears to describe 
exactly the. speed of extinction in New 
Zealand, Hawaii and Madagascar. 


























































































The alternative, climate-based inter- 
pretation of New World extinctions also 
faces difficulties. For instance, the Shasta 
ground sloth disappeared abruptly when 
Clovis hunters reached its range around 
11,000 yr BP, yet radiocarbon-dated dung 
samples show it to have been common 
during the five centuries immediately pre- 
ceding its extinction, and the plants on 
which the sloth fed still occur today at its 
fossil sites**. 
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fraction of its seg eis than any other 
continent?’-?, Along with a giant snake - 
(Wonambi), giant lizard (Megalania), 
giant tortoise (Meiolania) and giant flight- 
less birds (Genyornis), Australia lost all its 
large mammals (>100 Ib) except 4 kan- 
garoos: 17 extinct genera and 46 extinct 
species of marsupials up to the size of the 
rhinoceros-sized herbivore Diprotodon 
and the lion-sized carnivore Thylacoleo, 
plus several species of giant kangaroos. As 
in the New World, the relative roles of — 
climate and man in the extinctions are con- ©. 
troversial. 
megafaunal remains with human artefacts 
has yet to be found in Australia. Unlikethe | 
New World, Australia gained humans and 
lost megafauna long before the end of the 
Pleistocene. Humans arrived at least by 
30,000 yr BP, and evidence for survival of 
megafauna much after that time is in- 
conclusive. 

These changes on land produced 
secondary effects at sea. It is likely that the 
populations of pelagic turtles% and birds?! 
that we see today are a tiny fraction of 
those existing before breeding colonies on 
oceanic islands were decimated by the first 
human colonists. Evidence includes 
abundant remains of subfossil petrels on 
Hawaii'* and in Polynesian middens on the 
Chathams?*, and the recent discovery of 
breeding petrels in the remote interior of 
the Solomon island of Bougainville”. 

Evidence of man-linked faunal extinc- 
tions remains to be sought on many islands 
that have been little explored by palaeon- 
tologists but that were reached by man 
before the European expansion of the past. 
500 yr. Such islands include New: 
Caledonia, New Britain, Fiji, the 
Solomons, Canaries, Comoros and 
Mediterranean islands. Of equal interest 
will be islands such as Lord Howe, the 
Galapagos and the remote islands of the 
Indian and Atlantic Oceans, that were not 
reached by man until the recent European 
expansion. Such islands will be controls 
that show the ‘pure’ effect of climate 
changes in the absence of man. Bn 

Man’s hand fell especially on species that- 
were large, flightless, or both. Large 
animals fared badly as the preferred prey of 
hunters, and because they tend to occur 
with low population densities and low 
reproductive potentials. Flightless birds 
fared badly as the easiest prey, whether to 
man or to his accompanying mammalian 
pests. For example, New Zealand lost its 19 
largest birds; Madagascar, 14 of its 15 
largest lemurs; Australia, 37 of its 41 
largest marsupials; the New World, two- 
thirds of its largest mammals. An exception 
is Hawaii, whch lost 15 small drepanidine 
finches along with large geese, crows and 
an eagle (see below). The Chathams lost all 
6 of their flightless birds; Hawaii lost all but 
2 of its 14-18 flightless birds to the 
Polynesians, and the remaining 2 to 
Europeans; and New Zealand lost 22 on its 
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le the fact of human- related extinc- 
aves is clearly established for some 
at least six different mechanisms 
been proposed, and their relative 
rtance is debated. The most obvious is 
hunting, the mechanism by. which 
dern European hunters exterminated 
e-Greak Auk and Steller’s Sea Cow under 
the eyes of other Europeans. For example, 
=> -the last two Great Auk were clubbed to 
- > death at Eldey Rock off Iceland on 3 June 
~ 1844. Animal populations that had never 
experienced man did not fear him, and this 
-© helps explain why extinction waves 
proceeded so quickly when man first 
¿> reached remote islands and continents. 
-Today one can still glimpse a surviving 
. fragment of the world of 50,000 yr ago in 
_ New Guinea’s isolated, completely unin- 
 habited Foja Mountains. Here large mar- 
- supials are abundant and tame, in contrast 
-. to. their rareness and shyness even in areas 
“of New Guinea with only sparse popu- 
lations of nomadic hunter-gatherers. 

A second, related mechanism of man- 
linked extinction is the impact of predators 
introduced by man, such as rats, cats, dogs, 
weasels and mongooses, especially on 

‘nesting birds and ground-dwelling 
-animals. Notorious examples include the 
/ extinctions of four birds, a bat and 
¿numerous invertebrates on Big South Cape 
__ Island off New Zealand within three years 
of the arrival of rats?; and a similar 
extinction wave after rats reached Lord 
Howe Island”. The correlation between 
the spread of rats and the post-European 
extinctions of Hawaiian birds also suggests 
such an explanation’. Even large animals 
can fall victim to man’s pests: rats have 
-been seen to kill adult albatross on the 
nest?®, and young of Galapagos Giant 

Tortoises are destroyed by feral pigs unless 

reared in captivity to a pig-proof ‘size. 
Numerous species of New Zealand birds, 
reptiles, frogs and insects have disappeared 
from the mainland and now survive only on 
rat-free offshore islands. 

» A third mechanism attested by innumer- 
able examples is destruction of habitat, 
hether by fire, by clearing or draining for 
agriculture, or by introduced browsing 
animals. Clearing of Hawaii’s lowland 
forest probably explains why the 
Polynesian-linked extinction wave carried 
off at least 15 small songbirds not worth 
hunting, as well as ‘game’ birds such as 
~geese'4. Deforestation by fire and intro- 
-duced animals eliminated much of the 
itat on which Madagascar’s megafauna 
nded'*, By the time that the first 
pean biologists a arrived, Easter Island 
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l extinction involve introduced competitors, 


disease and social disruption. While man 
has exterminated native species, he has also 
introduced exotics that may compete with 
surviving natives. Disease is the primary 
mechanism by which colonizing Europeans 
have exterminated or reduced many non- 
European human groups they encountered 
in the last 500 yr. (Disease in the form of 
avian malaria may also have eliminated 
native Hawaiian forest birds from sur- 
viving forest below the malaria ceiling of 
3,000 ft.) Finally, breeding in colonial 
species depends on social stimulation, so 
that a remnant population with its social 
structure disrupted may be incapable of 
recovery. This is probably why surviving 
Passenger Pigeons**, and surviving human 
Tasmanians, dwindled to extinction after 
the hunting that had decimated their 
numbers ended. 

What can past history teach us about 
future risks? We risk more of the same, in 
different places: overharvesting of the 


Twinkle, twinkle quasi star... 


from Marek Abramowicz 


WAS our Galaxy a quasar? Could it become 
a quasar in the future? In a recent issue of 
Monthly Notes of the Royal Astronomical 
Society (200, 247; 1982), Bailey argues that 
the Galaxy has indeed undergone at least 
one event of quasar-like activity in the 
recent past and may do so again. 

Short, active periods recur in most 
galaxies. In Bailey’s picture of galactic 
evolution, the mass lost by stars slowly 
settles in a central rotating disk. This 
continues quietly until the disk density 
exceeds M/r?, where M is the mass of the 
galactic nucleus and ris the disk radius. At 
this point the self-gravity of the disk 
becomes important and local instabilities, 
similar to the Jeans instability, develop. 
According to Paczynski', if the optical 
depth is so large that the cooling time scale 
is much longer than the rotational period, 
the instabilities will not produce 
condensations but will increase the velocity 
dispersion in the gas. Without 
condensations no star formation is 
possible. Velocity dispersion produces 
turbulence, thereby enhancing viscous 
stresses, which drive accretion by 
transporting angular momentum outwards 
and producing heat. 

Bailey modifies this idea: he assumes 
that condensations will form and a 
sequential star formation occur. He 
suggests that this will produce turbulent 
motions in the gas which in turn increase 
viscosity. As in Paczyfiski’s model, the 
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anal of rats at still rat-free Renne 
Island, which has 5 endemic bird specie 
and 17 endemic subspecies; and continuing 
destruction of Himalayan hill forest. Bu 
the major extinction wave of the near 
future will surely be through the swiftly 
advancing destruction of the continent 
tropical rainforests, the most species-rich: 
habitats on Earth. While extinction wave 
cost New Zealand, Hawaii and Mada 
gascar a considerable fraction of thei 
biotas, these biotas were tiny compare 
with the biotas of Amazonia and tropic; 
south-east Asia. The rainforests are 
already gone in much of the mountains of 
Colombia, and in coastal south-east Brazil. 
At present rates of destruction they will be 
virtually gone in lowland Malaysia, west 
Africa, Cambodia, Sri Lanka, Guatemala 
and Chiapas by the year 2000. Man the 
exterminator „risks eliminating. more 
species in the next few decades than i invall 
his previous history. PEAT 



















































rapid viscous evolution of the disk fuels the 
activity of the nucleus by accretion of gas 
onto a supermassive central black. hole. 
Alternatively, in the absence of sucha hole, 
a massive central cloud may form which 
eventually collapses to forma black hole or 
spinar. ae 

The evolution goes through the sequence __ 
of long, quiet phases interrupted by short — 
periods of high activity; the quasars 
twinkle, very much like cataclysmic 
variables in our Galaxy. But does this idea 
agree with what we know about quasars? 

Despite the substantial progress in our- 
understanding of the nature of active 
galactic nuclei, a few fundamental 
problems have not yet been solved: (1) The 
supply problem — how can a galaxy supply- 
enough matter to fuel the activity of its 
nucleus? (2) The efficiency problem — 
what physical mechanism provides a high 
enough efficiency of accretion? (Efficiency — 
is the number of ergs of energy radiated per 
gramme of matter swallowed by the 
nucleus.) (3) The verification problem. — 
how can observations confirm or rule out 
the different theoretical models (black 
hole/spinar)? S 
The supply problem Ke 
The galaxy supplies fuel to its. nuclet 
either through mass loss from stars, or 
more exotic processes of star captur 
disruptions which can be very effe 
near the central black hole. Some g 
remain open — among them, . 
compute the stellar capture and di 
rates, and how to determine the fa 
resulting debris. As pointed out by R 
and others, the classical estima 
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ave been destroyed, further capture can 
occur only when dynamical interaction 
tween the stars repopulates the orbits, 
hat is, on a time scale longer than 10° yr. 
This means that the rate of supply from the 
ralaxy may be insufficient to fuel 
continuously the activity of the nucleus. 
Obviously, Bailey’s scenario gives an 
ypportunity to solve this problem: the disk 
deposits a large mass by accumulating a 
_low income over a very long time — it can 
therefore afford short time losses at a rate 
much higher than the income. 

„The efficiency problem 

Black holes, once formed, cannot be 
lestroyed. Soltan? uses this fundamental 
act to discuss the masses of quasars and 
‘the efficiency of accretion. If quasar-like 
events are common and if they involve 
‘black holes, then there should be black 
“holes in most galaxies. The mass of the hole 
“must be smaller than that of its host galaxy. 
= “Since we know the masses of galaxies from 
observation, we can set an upper limit to 
the black hole masses, which is also the 
> upper limit for the mass of the fuel 
= swallowed by the hole during the active 
“phases. Soltan also estimates (from quasar 
counts and bolometric luminosities) an 
absolute lower limit for the total energy 
< produced by the quasars per unit volume. 
_ His estimate is independent of cosmo- 
~ Jogical model and agrees with a similar 
. estimate of Schmidt. The upper limit for 
mass, together with the lower limit for 
`< energy, give the lower limit for efficiency, 
_ which is close to 0.1. Such a high efficiency 
¿cannot be consistent with very thick, 
stationary accretion disks. However, there 
are strong arguments in favour of very 
thick disks as models of active galactic 
‘nuclei. Thick disks can generate huge, 
uper-Eddington luminosities observed in 
some BL Lac objects and produce long, jet- 
‘like structures in which matter moves with 
‘apparently superluminal velocities. It was 
‘Suggested (by myself, Paczyński, Bland- 
ford and probably by others) that non- 
tationary disks can radiate away most of 
their energy while being geometrically 
thick from time to time. Between these 
‘flare-ups most of the matter is accreted 
nto a black hole from r= 3 r. Such disks 
ay be both efficient and thick. Their 
haviour resembles the short, active, 
ecurrent events advocated by Bailey. 

e verification problem 

ey shows that the observations of 
ral nearby galaxies are consistent with 
theory. However, in the case of our 
alactic Centre, his theory agrees with 
both the black hole and the spinar models, 

hus leaving unanswered the question, 
aised by Lynden-Bell, is there a black hole 
in the centre of our Galaxy? Previously 
Bailey has argued* that the Galactic Centre 
mgy contain a compact object (black 
ole?) with a mass greater than 10° Me. 

her authors, PUPAN Ozernol?, 
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hose orbits pass close. to the central hole 





will probably last for some time to come, 


because its source lies mainly in genuine 


difficulties of theoretical interpretation 
and cannot be resolved by progress in 
technology. 

Bailey discussed some indirect 
observational tests of his theory. A direct 
test is also possible. Preliminary, unpub- 
lished results of Sikora and Soltan, who 
have analysed statistically the observed 
ratio of the radio luminosity of extended 
sources to the bolometric luminosity of 
their central nuclei as a function of 
redshift, seem to indicate that the galactic 
nuclei do indeed twinkle. The intensity and 
frequency of twinkling falls off with time. 

Some of Bailey’s calculations employ 
astrophysical theories that are still likely to 
experience new developments and 


| Centre would have a neh higher lumi n- hi iflic 
osity than is observed. This controversy investigators. This may indicate that some. a 
details of Bailey’s theory will need — 


reconsideration. However, the main idea, 


that active galactic nuclei ioe on and 
off, or that ‘ quasars twinkle’, is 
opinion, both very important cer correct. 
Some elements of this idea have been 
discussed by other authors before Bailey. 
However, he presented it for the first time 
in a wide context of galactic evolution and 
endowed it with astrophysically. realistic: 
scenarios. The richness and complexity of “ue 
Bailey’s theory will guide - many . 
theoreticians and observers in their work 
on active galactic nuclei in years to come. | 
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Opioids at Cape Cod 


from Brian M. Cox 


A DECADE ago the presence of a specific 
receptor activated by opiate drugs was 
accepted, but those who sought direct 
measures of drug binding to the receptor 
were still struggling to reduce background 
binding to acceptable levels. Only a few 
visionaries had begun the search for the 
endogenous ligand, and it was always 
referred to in the singular, if mentioned at 
all. Now the occurrence of at least three sets 
of endogenous opioids derived from three 
different genes is clearly established and, as 
emerged at the recent International 
Narcotics Conference*, evidence of an 
extraordinary degree of complexity in 
endogenous opioid systems is rapidly 
accumulating. 

Conference sessions on the endogenous 
opioids were dominated by rumours that 
Numa’s group in Kyoto had characterized 
acommon precursor for dynorphin and the 
neo-endorphins. Now these rumours have 
been confirmed and the precursor se- 
quence recently published in Nature (298, 
245). Much evidence presented at the 
conference was consistent with Numa’s 
findings. Measurements of tissue levels of 
dynorphin and a-neo-endorphin revealed 
closely similar anatomic and subcellular 
distributions (B. Seizinger, Max-Planck- 
Institut, Munich; C. Molineaux, Uni- 
formed Services University, Bethesda). 
Immunocytochemical studies by E. Weber 
(Stanford University), recently discussed in 
these pages (News & Views 298, 221), were 
strongly suggestive of co-localization of 
these peptides in the same neurones. 
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However, processing of the dynorphin 
precursor appeared to be differentially 
regulated in different tissues; both 
Seizinger and Weber provided evidence for 
the presence of substantial amounts of the 
dynorphin fragment dynorphin,_, in 
hypothalamus. The distribution of dy- 
norphin in brain differs from that of the 
enkephalins and ßB-endorphin, although 
there are several areas where dynorphin 
and enkephalin precursors are both present 
(S. Watson, University of Michigan). 
Several studies emphasized that in the 
magnocellular neurones of the hypo- 
thalamo-hypophyseal tract, dynorphin 
and vasopressin are localized in the same 
cells, while K. Voight (University of Ulm) 
reported that enkephalins are present in the 
oxytocin-containing cells. 

But what of the roles of the products of 


the three opioid peptide genes? There is 
now general agreement that opioid 
receptors can be classified into at least three  . 
designated u, x and 6. The 


types, Th 
enkephalins have long been known to have « — 
preferential affinity for ô receptors. Over 


the past year it has become apparent that 


dynorphin has selective affinity for x 
receptors; at the meeting, evidence was, 
presented that the other products of the _ 
dynorphin gene, a-neo-endorphin, - 
dynorphin B and dynorphin,.,, also show | 
marked x-receptor selectivity (W. Fischli; 
Addiction Research Foundation; A. 
McKnight, Unit for Research on Addictive 
Drugs, Aberdeen). Thus the dynorphin 
gene generates opioids with preferential x 





* The International Narcotics Research Conference held its 14th 
meeting in North Falmouth, Cape Cod. Massachusetts on 13-18. 


June. The. proceedings. will be published later this year by dge =. 


Sciences. 
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vity and the enkephal n gene agonists 
-with preferential 6 activity. p-Endorphin is, 
however, morë promiscuous, interacting 
h comparable affinity at u, x and ô sites. 
is no known endogenous opioid with 
ve affinity for the u sites, although 








‘finity and could well function as 
gical ligands at u receptors, 
hether these various receptor forms 
resent different molecular entities or 
sült from conformational changes of a 
single receptor species is still unclear. C. 
=. Pert (NIMH) argued that u- and 6-binding 
-< Sites in the striatum were interconvertible, 
the conversion being regulated by local 
c Nat and GTP concentrations. However, 
aL James (Addiction Research Foundation) 
“was unable to demonstrate any re- 
“equilibration of receptor types in isolated 
`~ brain membranes after the selective 
©. inactivation of one or more classes by the 
alkylating opioid antagonist B-chlor- 
 naltrexamine. Autoradiographic studies 
© Suggest that the distributions of the p- and 
<o X-receptor forms in brain are different. S. 
Snyder (Johns Hopkins University) 
reported the presence of a particularly 
prominent band of x receptors in the deep 
layers of the rat cerebral cortex, which he 
postulated might be linked to the sedative 
properties of x receptor agonists. F. Leslie 
< < (University of California, Irvine) found the 
| neonatal rat brain contained predomin- 
antly. p and x receptors, with few ô 
receptors demonstrable. In the adult rat, 
the proportion of x receptors falls substan- 
tially, while the proportion of 6 receptors 
increases to levels comparable with 
preceptor densities. The rat, however, is 
apparently atypical in the low proportion 
Of x receptors observed in the adult animal. 
Higher levels have been observed in other 
“species, and Y. Itzhak (New York 
University) reported that relatively high 
levels of x receptors were observed in most 
_Tegions of human brain, 
- The analysis of the functions of the 
different receptor classes has been 
facilitated by the development of several 
-new drugs and reagents. The alkylating 
agents with opioid receptor affinity, such 
~ as B-chlornaltrexamine, initially developed 
-by P. Portoghese (University of Min- 
- Nesota), have been found useful by several 
~~. groups. G. Pasternak (Memorial Sloan- 
-` Kettering Cancer Center) reported the use 
f another irreversible receptor ligand, 
naloxazone, in the discrimination of opioid 
“receptor subtypes. However, all these 
irreversible ligands have proved to have 
_. lower affinity for 6 receptors than other 
receptor forms. The development, 
erefore, of a peptide analogue with 
ective competitive antagonist activity at 
ceptors, reported by J. Shaw and M. 
ibull (ICI), promises to be very useful 
identifying functions mediated by this 
eceptor class. An approach to the 
lentification of the roles of specific 
opioids in physiological processes is the use 
of Selective inhibitors of be aaa R. 
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ndorphin and the enkephalins have — 


(Schering) reported that thiorphan, an 
inhibitor of enkephalinase, potentiated 
analgesia induced by restraint or foot- 
shock stress. Interpretation of these results 
was complicated, however, by the ob- 
servation that thiorphan also potentiated 
the analgesic effects of peptides not subject 
to degradation by enkephalinase. 

Some progress has been made in 
identifying functions regulated by specific 
receptor subtypes. P. Wood (Douglas 
Hospital, Quebec) demonstrated that 
analgesia induced by opiate injection into 
the periaqueductal gray region of the 
midbrain is mediated by activation of p 
receptors, while x receptor-selective 
opioids are relatively inactive. However, 
M. Piercey (Upjohn) reported that 
injection of either dynorphin or a x 
receptor-specific drug, U50488H, into the 
spinal cord in mice produced pronounced 
analgesia. The analgesic action of 
dynorphin in spinal cord was also 
confirmed by J. Han (Beijing Medical 
College). A possible role for dynorphin in 
the physiological regulation at the spinal 
cord level of the perception of noxious 
stimuli is suggested by Han’s demon- 
stration that electroacupuncture analgesia 
was suppressed by the localized adminis- 
tration to the spinal cord of dynorphin 
antiserum. The presence of relatively high 
concentrations of dynorphin in the dorsal 


Do antigen-presenting cells 
distinguish self from non-self? 


Jrom Martin C. Raff 


THERE is substantial evidence suggesting 
that helper T cells recognize a foreign 
antigen only after it has been taken up by 
specialized antigen-presenting cells (APCs) 
and that the antigen is recognized on the 
surface of the APC in association with class 
H (la) MHC glycoproteins’. But this view 
of antigen presentation is fundamentally 
incomplete in that it does not provide 
answers to two central questions: how do 
APCs recognize antigens, and do they 
distinguish foreign molecules from self 
molecules? 

If APCs do not discriminate between self 
and non-self, why are their recognition and 
processing pathways not saturated by the 
high concentration of self macromolecules 
in the extracellular fluid? If they do 
distinguish self from non-self, how do they 
do so? How can they pick out a molecule of 
tetanus toxin from a sea of self proteins? 
One possibility is that they use a non- 
immunological recognition mechanism 
akin to babies used by certain invertebrate 
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horn. of spinal cord: has previously ‘been 
reported. 

The role of opioids in the nigrostriata 
system has been much studied because it is 
known that there is a very close relationship 
between dopaminergic and opioid system 
in this part of the brain. Wood reported 
that u- and 6-receptor agonists increase 
the levels of dopamine metabolites in the 
striatum, while x-selective agonists, suchas 
ethylketocyclazocine, had little dire 
effect, but antagonized morphine action 
M-F. Chesselet (College de France) showed 
that the selective 6 ligand p-Ser? -Thré 
Leu-enkephalin, injected into the fluid 
perfusing the caudate nucleus, induced a 
localized release of dopamine. Selectivey. 
agonists such as morphine produced ae 
weaker effect which was followed. by 
inhibition of release. Since the enkephalin 
analogue, but not morphine, enhanced the 
release of dopamine from striatal slices in. 
vitro, it was suggested that 6 agonists act 
directly, while u agonists act indirectly, to 
promote the release of dopamine in the 
caudate. The induction of muscular 
rigidity by morphine in the rat, probably by $ 
an inhibitory action of y-aminobutyric acid 
neurones in the zona reticulata of the sub- 
stantia nigra, was discussed by U, Haves 
mann (Max-Planck-Institut, Gottingen): 
Thus in this, as in so many systems, several _ 
component structures seem to be influ- 
enced by one or other form of opioid, © T) 





cells for distinguishing self from non-self: 
although the molecular mechanisms 
involved are still poorly understood, it is“ 
clear that such discrimination operates 
when, for example, yeast cells matë, ora 
mixture of cells dissociated from two 
ae ferent species of sponges reaggregates in> 
a species-specific way’, or invertebrate 
haematocytes react against foreign’ 
particles, cells or organisms*. However, the. 
discrimination required of APCs, were: 
they to distinguish the many thousands of 
different self molecules from the many. 
millions of different foreign antigens that 
are capable of stimulating an immune 
response, would be far more demanding. 
than that required of invertebrate cells 
Teleologically, therefore, it seems more. 
likely that APCs would take advantage of 
the sophisticated antigen recognition 
mechanisms evolved by the vertebrate 
immune system. For example, APCs might- 
only efficiently bind and/or process 
molecules that are complexed to antibodies 
secreted by T cell-independent B cells. 
nagi 

However, some APCs, such as splenic- 
dendritic cells, apparently do not have F 
receptors with which to bind antiger 






























































































pe dent immune pietat "Therefore, 
PCs require lymphocyte help to 
gnize foreign antigens, this help might 
in the form of antigen-specific T cell 
oducts (which must themselves be made 
ithout the aid of APCs). The recent 
eport that suppressor T cells can inhibit 
he function of APCs’ is consistent with the 
iew that communication between T cells 
‘and APCs is bidirectional. 
The idea that antigen binding and/or 
rocessing by APCs is lymphocyte- 
dependent would be untenable if pure 
APCs (especially antigen-presenting cell 
ines) were found to be as efficiently 
loaded’ with antigen in the absence of 
lymphocytes as in their presence. It would 
also be unlikely if the recent evidence (cited 
“but not documented in ref. 8; and G. 
Sunshine, M. Cyrus and G. Winchester, 








- from Richard Cammack 


- TRON-SULPHUR clusters in proteins may not 
always be such static entities as has been 
supposed. Recent experiments have shown 
that some of the newly discovered (3Fe-3S] 
clusters can be converted reversibly into 
[4Fe-4S] clusters. H. Beinert’s group, 
working in Madison, Wisconsin, has 
A proposed that an interconversion of this 
“type is the key to the activation of the 
mitochondrial enzyme aconitase. It has 
Jong been known that aconitase, when 
< isolated, is in an inactive form and can be 
-activated by incubation with iron salts. 
¿Some authors have suggested that this iron 
“atom is involved in the catalytic centre of 
the enzyme. Now it is recognized that 
> aconitase contains an iron-sulphur cluster, 
of the recently discovered three-iron type 
(see News and Views 286, 442, 1980). The 
-additional iron appears to convert this to a 
4Fe-45] cluster which somehow is required 
or the activity of the enzyme. 
Recent advances in the use of spectro- 
copic techniques, including ESR, 
nagnetic circular dichroism (MCD), *’Fe- 
-Méssbauer and resonance Raman (RR) 
pectroscopy, have made it possible to 
ybserve the individual clusters in the iron- 
ulphur proteins. Though each technique 





ype of cluster in a protein (para- 
à neem vibrational modes, and so on), 
= tok Ppa ways of comparing an 
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| discriminate: beeen self and vosli | 


řovides different information about. the 


forms of the F serum glycoprotein is 
confirmed for other molecules. In either 
case, an important question in antigen 
presentation, which has so far been 
ignored, would remain unanswered: why 
are APCs not saturated by self molecules? 
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-_Tron-sulphur cluster interconversions 
and the activation of aconitase 


have been determined by X-ray crys- 
tallography. A series of ferredoxins is now 
known which contain [4Fe-4S] and 
[3Fe-3S] clusters in various combinations. 
The advantage of studying these instead of 
proteins such as aconitase is that their 
relatively low molecular weights means 
that there is relatively more iron to observe. 

The [4Fe-4S] cluster can be visualized as 
a cube, with iron and sulphide atoms at 
alternate corners. The [3Fe-35] cluster is 
more like a flat hexagon of alternate iron 


Atomic arrangements in the four-iron and 
three-iron clusters. Iron atoms are the solid 
circles. 











iron atoms are also bound tol ligands from : 
the protein; in the [4Fe-4S] cluster, they are 


four sulphur atoms of the amino acid 
cysteine; the [3Fe-3S] cluster requires six 
ligands, which in ferredoxin of Azoto- — 
bacter vinelandii are provided by five 
cysteine sulphurs and possibly a water or 
glutamate oxygen atomi. Cluster 
interconversion therefore requires a 
considerable rearrangement pr he protein 
structure. 

The function of the clusters i in most iron- oe 
sulphur proteins is to transfer electrons. 
(This cannot, however, be the case in. 
aconitase, which is not an oxidoreductase.) = 
A major class of iron-sulphur proteins has 
clusters that undergo oxidation-reduction 
between the [Fe-4S}?* and [4Fe-4S]'* 
oxidation levels. When such proteins are 
isolated, they often contain small and 
variable amounts of material which gives 
a ESR signal in the oxidized state of 

= 2.01. The amount of this material can 
he increased by treatment with the artifical 
oxidizing agent ferricyanide. At first this 
was thought to be due to conversion to the 
[4Fe-4S]}3* oxidation level; however, if this 
occurs, the cluster is probably unstable and 
undergoes further modification, because 
the process cannot be reversed by simple 
reducing agents. The material which results 
from this modification, and which gives the 
g=2.01 signal, has recently been shown by 
MCD*, RR? and Mossbauer‘ spectroscopy 
to contain [3Fe-3S] clusters. Evidently 
oxidative treatment results in the loss of an 
iron atom from the [4Fe-4S] cluster, and 
rearrangement. 

The change was referred to as ‘oxidative 
damage”, implying that the [3Fe-35] - 
clusters found are artefacts caused by the 
exposure of [4Fe-4S] proteins to oxygen 
during isolation. The question then arises 
as to whether any of the [3Fe-35] clusters 
observed in isolated proteins are of physio- 
logical significance. 

A test case is provided by the ferredoxins | 
isolated from Desulfovibrio gigas by J. Le 
Gall (University of Marseille), J. J. G. 
Moura, I. Moura and A.V. Xavier | 
(University of Lisbon). Although desig- 
nated ferredoxins I and II, these are in fact — 
two different assemblages of the same 
polypeptide of molecular weight 6,000. Fd | 
I is a trimeric unit in which each protein 
subunit contain a [4Fe-45] cluster; Fd Hisa 
tetrameric unit in which most of the | 
subunits contains [3Fe-3S]} clusters. Both 
ferredoxins are obtained in substantial 
quantities when the bacteria are extracted. 
They have different redox potentials and 
different activities with the enzymatic 
systems of Desulfovibrio. Fd I is active in 
the phosphoroclastic cleavage of pyruvate 
while Fd H is more active in sulphite 
reduction®. Various treatments have been 
found to interconvert the ferredoxins. 
Incubation of Fd H with cell extracts and | 
pyruvate (reducing conditions) causes the 
appearance of Fd I, as seen by ESR. 
Oxidation of Fd L with ferricyanide 




















clu er. The finely tuned balance between 
luster types was shown by re- 
tution experiments in which the iron 
phide were removed entirely and 
placed®. With an excess of iron 
it. (5 per protein molecule), only 
S] clusters were produced. With 
iting iron (3 per protein molecule), up to 
0 per cent of the clusters formed were of 
the [3Fe- 3S] type. 
‘Moura et al.6 have developed a 
- procedure to add the extra iron atom to Fd 
< TE and produce [4Fe-4S] clusters. This 
¿> provides a unique opportunity to examine 
a specific iron atom in a [4Fe-4S] cluster, 
- Using Méssbauer spectroscopy one can 
observe the isotope *’Fe (which has an 
abundance of only 2.2 per cent in natural 
iron), so that by adding either enriched *’Fe 
or Fe to Fd H it is possible to obtain 
-spectra from either the added iron atom, or 
_. the average of the other three. The studies 
were carried out by E. Miinck and co- 
~- workers in Minnesota. 
The spectra show that the added iron 
atom probably goes into a specific site in 
_the [4Fe-4S] cluster, though the possibility 
of two equivalent subsites cannot be 
excluded’. 
_ The inequivalence between the iron 
_ atoms in this type of cluster is not 
_ understood at present. For example, in the 
| reduced cluster, when the valence state 
_ corresponds to one Fe iu and three Fe 
_ Hatoms, the iron atoms as seen by 
_. Mossbauer spectroscopy appear to be 
present in two equivalent pairs®. A 
theoretical understanding of these clusters 
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Despite the flush of publications com- 
“memorating the centenary of Darwin’s 
ath, those outside the field could be 
forgiven for believing that evolutionary 
„biology has lost its way. While the horizons 
Jf the rest of biology are being dramatically 
xtended by new technologies, evolution- 
ry biology seems to be becoming more and 
+> more introspective. A recurrent discussion 
of ‘tempo and mode’ in evolution has 
= reached such prominence that ‘punctuated 
equilibria’ appear to constitute the only 
ssue of importance. In fact, this is far from 
seing the case. 
¿more fundamental problem raised by 
opments in molecular biology has so 
mage: unnoticed: the rN 
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can now be assisted by the determination of: 
the electron distribution and hyperfine 


field at the individual iron atoms. 

Similar experiments have been carried 
out on the iron-sulphur cluster in 
aconitase?, The enzyme is activated by 
reductive treatments in which an iron atom 
is introduced into a particular site in the 
[4Fe-4S] cluster. The incorporated iron 
atom is relatively loosely bound, since 
added **Fe will exchange in a few minutes 
with *’Fe-activated enzyme. By contrast, in 
D. gigas Fd I, the incorporated Fe will not 
readily exchange. Oxidative treatments, 
which reconvert the cluster to the [3Fe-3S] 
form, inactivate the protein, but it is still 
not clear why. 

It has not yet been demonstrated that 
this interconversion occurs in vivo, apart 
from an early report! that the ESR signal 
at g = 2.01 resembling that of the aconitase 
[3Fe-3S] cluster can be observed in 
mitochondria. If it does, it would represent 
a totally new form of covalent modi- 
fication of enzyme activity. It may not be 
unique; other enzymes, notably some 
hydrogenases, exist in inactive forms and 
show g = 2.01 ESR signals. : 
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_ Evolution and molecular biology 


which the behaviour of genes in popu- 
lations is described in the terms of classical 
genetics, are no longer adequate. The very 
words ‘locus’ and ‘allele’ have become 
almost meaningless. A new phraseology is 
required which can accommodate data on 
both restriction site polymorphisms and 
nucleotide substitutions, as well as more 
radical types of genetic variation: insertion 
polymorphism, ‘concerted evolution’ and 
transposition of repeated elements. Some 
of the first steps in erecting this new frame- 
work could be seen at two recent meetings* 
intended to foster understanding of the 
relationship between molecular and evolu- 
tionary biology. 

The mitochondrial genome was used for 
the first essays in the molecular study of 
evolution because of its small size and ease 
of isolation. Population structure was 
analy by restriction site variation and 


human ß gene (M. Edgell, University of 











‘detailed phylogenetic: trees were consti 
ted. Now the first results of DNA seque } 
analysis of mitochondrial (mt) DNZ 
becoming available. In 900 base pairs {b 
of DNA sequence around the D. -lo p 
region of human mtDNA from seven ind 
viduals, nucleotide substitutions wet 
found at 45 sites and DNA insertions : 
three positions (C. Aquadro, Natio 
Institute of Environmental Health 
Sciences, North Carolina). 
Nucleotide substitutions were almost 
always transitions (that is, AG or T>C 
changes), transversions accounted for only 
four per cent of the total. A phylogenetic 
tree, constructed by a maximum 
parsimony procedure that minimizes the 
number of changes between each sequence 
in the finished tree, reveals that convergent 
or parallel substitutions have occurred inat 
least five positions. In addition, the distri- 
bution of substitutions along the sequence 
was highly non-random because multiple 
substitutions occur at certain sites. These 
results raise doubts about the estimation of _ 
genetic variability from DNA sequence | 
data that depend on pairwise comparisons, 
for these would greatly underestimate the. 
sequence change inferred by the phylo- = 
genetic approach. Perhaps more worrying 
is that a restriction enzyme analysis would 
produce quite incorrect trees, because of 
the localized occurrence of base sub- K 
stitution. 
Turning to nuclear genes, more is kaawa 
of the evolution of the mammalian. B-globin. 
gene family than any other system. In man, 
these genes are arranged in the order: 


5 Wha, E, “y ay; Wh, , Ô, B 3 


Sequence homology between the 6- and 
B-globin genes in man suggested that they- 
arose by duplication about 40 million years 
ago. However, DNA sequence analysis 
shows that the 3’ portion of the mouse BH2 ~ 
gene has nearly 80 per cent homology tothe © 
human 6 gene but only 58 per cent to thë 

































































































North Carolina). In addition, part of the 
single pseudogene in the lemur f-globin. 
cluster appears to be a 6-globin sequence. 
that has undergone gene conversion with 
an embryonic gene (A. Jeffreys, University 
of Leicester). These results strongly suggest. 
that the B/6-globin duplication predates the. 
mammalian radiation of 80 million. year: 
ago. Where gene conversion can’ occur 
overall sequence homology cannot be usec 
to estimate the times of gene duplicatior 
events. E 

A large body of data collected on: 
variants in the human f-globin gene cluster: 
has revealed some remarkable aspects. of. 
the relationship between linkage dis. 
equilibrium and recombination distance 
(H.K. Kazazian, Johns Hopkins Univer 
sity). Thirteen polymorphic restriction site 
markers have been studied in several 
hundred individuals. Seven are located ina: 
Andrew Leigh Brown is at the Imperial Cance 
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20kb block across and to the 3’ side of the f 
gene. Theoretically, the variants at the 
seven restriction sites might be found in 
over one hundred different combinations 
in the 5’ region. Remarkably, only three 
combinations are common, all of which are 
distinguished from each other at at least 
“two sites. Similarly, in the 3' block, only 
three more combinations are found. This 
- high degree of linkage association would be 
- unsurprising in view of the short distance 
. separating the markers, but for the 
observation that across an 11 kb region 
spanning the 6 gene, random association 
between 5° and 3’ haplotypes is found. 
However, this recombination hot spot is 
unlikely to be a function of the 6-globin 
- gene itself, as the flanking blocks include 
_ all the other genes in this cluster. 

In surveys of the f-globin region, few 
-DNA insertion variants have been found. 

In contrast, studies of restriction site poly- 
morphism at two genes in Drosophila 
indicate that insertion/deletion events are 
an important source of variation. Ina 12kb 
region around the alcohol dehydrogenase 
~{Adh) gene in D. melanogaster, five 
--insertion/deletion variants were dis- 
covered in 18 lines from natural popula- 
tions (C.H. Langley, NIEHS, North Caro- 
lina). However, the commonest restriction 
map in D. melanogaster showed little diver- 
gence that could be ascribed to DNA inser- 
tion from those obtained for two other 
species, D. simulans and D. mauritiana. 
Similar results are seen for the 87A heat- 
shock locus in Drosophila (A. Leigh 
Brown, Imperial Cancer Research Fund). 
It ig not yet known whether these other 
< Drosophila species also show insertional 

‘variation but it could be that ‘the spaces 
between the genes’ are important in as yet 
undefined ways such that insertions or 
deletions are generally screened out by 
< natural selection. The strong conservation 
© of the distances between genes in the 
<. B-globin cluster of higher primates has 

_ prompted similar speculations (Jeffreys). 
__. The Adh gene in D. melanogaster is also 
.the first nuclear gene to be used for a 
systematic survey of variation in natural 
populations using DNA sequencing (M. 
‘reitman, Harvard University). Of 1,750 
bp which have been sequenced in 11 
ogenic strains, 36 nucleotide positions are 
ariable. Unlike mtDNA, transitions and 
ransversions are equally frequent. No 
ino acid substitutions were detected 
art from the Thr-Lys substitution which 
auses the well known ‘fast-slow’ electro- 
‘phoretic polymorphism. If it is assumed 
‘that the only substitutions permitted are 
ilent ones whch do not result in an amino 
acid change, the frequency of polymorphic 
nucleotide sites relative to the number of 
‘silent sites in-exons is very similar to the 
Stal frequency found in the introns. A 
much lower f requency was found in the 
‘non-coding regions of the transcripts, 
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However, these apparently do not extend 
to the transcription start point, around 
which substitutions were quite frequent. 

Finally, population genetics theory is 
now being applied to the behaviour of 
transposable elements in eukaryotic popu- 
lations. A simple mathematical model has 
been developed that gives the expected fre- 
quencies of occupation of a particular 
chromosomal site by a mobile element in a 
natural population under the action of 
random genetic drift (J. Brookfield and 
C.H. Langley, NIEHS). Testing this model 
with data on the sites of hybridization to 
Drosophila polytene chromosomes of 
three mobile elements, copia, 412 and 297, 
Brookfield and Langley showed that the 
data give a good fit for a high transposition 
rate. The result may be unexpected given 
that some mutations due to copia 
insertions (for example w*) are very stable. 
It was also observed that the frequency of 
co-occupancy of a site by more than one 
type of transposable element was much 
higher than expected. This suggests either 
that insertion is not random and occurs 
after strand breakage or some similar 
event, or that the total number of 
occupable sites is restricted. 

The P factor is a transposable element 
whose movement is responsible for a 
syndrome of germ-line aberrations in D. 
melanogaster known as hybrid dysgenesis. 
These aberrations are only found when 
wild males are crossed to females from 
long-established laboratory strains. Wild- 
type strains from the USA almost without 
exception carry this factor (P strains) while 
old-established laboratory strains do not 
(M strains). It had been thought that this 
loss was a consequence of inbreeding but 
new data on the relative frequency of such 
strains in collections from Europe and the 
Far East give a very different picture (M. 
Kidwell, Brown University). Here ‘Q’ 
strains, which are compatible with both P 
and M strains but contain many copies of 









100 YEARS AGO 


THE two Swedish gunboats which conveyed 
the circumpolar observation party to 
Spitzbergen, have just returned to Tromsö. 
Capt. Palander states that it was impossible to 
approach Mossel Bay, he having made two 
attempts, on account of heavy pack-ice, and 
that the party had therefore settled on Cape 
Thordsten as their residence, where observ- 
ations commenced on the | Sthinst. He further 
reports that all the Norwegian fishermen he 
met complained of the unfavourable season 














nucleotide substitution may be acting ‘up. 
stream of the protein-coding region. 















strains are cof intermediate fre requericy: andP 


strains are rare. In addition, some wild. M 
strains are now known to contain some 
copies of the P element. The P element is 
known to be highly labile and it is not — 


known whether any of the elements in © 


these strains are functional. This complex 
pattern suggests that the element is itself 
undergoing rapid evolutionary change and 
possibly indicates an invasive rather than a 
symbiotic history. 

Speculation that transposable elements 


may be involved in speciation has... 


flourished following the discovery of their 
role in hybrid dysgenesis. If, however, the 
germ-line incompatibility is a consequence 
of a transient process of invasion, such 
involvement is much more difficult to en- 
visage. It is hardly reasonable to propose a 
new invasion for each speciation event. 
Similarly, no clear pattern can yet be 
discerned on the general significance of 
insertional variation, which is apparently 
common in Drosophila, but is very rare in 
the human ß-globin region. It seems more 
reasonable that the current difference 
between the mammalian and Drosophila 
data is due to the particular genes which 
have been studied in each organism to date 
{for example, the dilute coat colour 
mutation in the mouse is due to an insertion 
of retro-viral sequences (Jenkins, N. et al. 
Nature 293, 370; 1981) and insertional 
polymorphism has also been found in man 
(Wyman & White, PNAS 77, 6754; 1980)]. 
These studies are beginning to reveal 
some of the processes which take place in 
the genome during evolution. It should be 
nevertheless recognized that the pursuit of 
detail is not a satisfactory end in itself. 
However much is learnt about a single 
gene, if the knowledge cannot be gener- - 
alized we will not have discovered much 
about evolution. The greatest interest in 
the new developments stems from the fact 
that the whole genome has been rendered 
accessible by these techniques, and that is 
something that evolutionary biologists 


ot 


have waited along time for. s 






and the enormous quantity of ice this summer, | 
no vessel having been able to get higher than | - 
Amsterdam Island, from where no opening | 
could be seen by telescope in any direction. 










The steamer A.E. Nordenskjöld, belonging 
to M. Sibiriakoff, left Tromsö on the 18th inst. 
for the Jenisei. The vessel has on board a cargo | 
of English merchandise, two steam launches, | 
and an engine for the Siberian gold works. The 
vessel will attempt to save some of the cargo 
lost in the Oscar Dickson in Gydaviken, and 
return next year with a full cargo of tea, which 
will be brought from China across the Baikal 
sea to Kureika on the Jenisei. 


















The death is announced of Count Lutke, 
well known in connection with Russian Arctic 
exploration, especially in the Novaya Zemlay 
region, E 











From Naturė 26, 447; August 31, 1882. 
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Detectors in astronomy 





Optical astronomy 


from Alec Boksenberg 


IT IS now more than a century since the 
invention of the gelatin photographic 
emulsion, but the photographic process 
still has many deficiencies, including 
nonlinear response, restricted dynamic 
range, reciprocity failure, adjacency 
effects, and a detection efficiency of only a 
few per cent. It does, however, have the ad- 
vantage over all other detection media 
when a huge number of picture elements is 
required. However, for most detection and 
recording applications in astronomy it has 
been superseded by more efficient 
methods. 

Direct interaction of photons with the 
recording medium occurs in photographic 
emulsion, electronically-scanned silicon 
devices such as the charge-coupled-device 
(CCD), and electron-beam-scanned 
television camera tubes of the simple 
vidicon type. In all other devices a 
photocathode is used to produce an 
intermediate electron image, which then is 
accelerated to relatively high energy to 
enable the signal to be enhanced by some 
gain process before recording. 


Electronographic cameras 
In 1934 Kiepenheuer proposed that an 
efficient detector could be made by 
accelerating and focusing electrons from a 
photocathode onto a photographic emul- 
sion. This would give a considerable gain in 
sensitivity over a simple photographic 
emulsion because every high-energy 
electron entering the emulsion produces 
developable grains and there is no 
reciprocity failure. The overall efficiency 
should therefore depend mainly on the 
efficiency of the photocathode. Modi- 
fications to the technique, particularly by 
McGee, who in his ‘Spectracon’ used a 
mica barrier membrane to protect the 
photocathode and also allow the emulsion 
to be used in air (fine-grained nuclear 
emulsions are used in modern devices), and 
the later variant by McMullan, have 
resulted in more convenient operation. 
Photocathodes are now fundamental in 
certain television camera tubes and in 
image intensifiers. The most commonly 
used photocathode in optical astronomy, 
trialkali, has an efficiency of about 20 per 
cent in the blue falling to about 1 per cent at 
8,000 A. Recently a new class of ‘negative 
electron affinity’ photoemitting materials, 
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such as GaAs(Cs), have been discovered 
which have a high efficiency in the red and 
near infrared. 


integrating television camera tubes 
Conventional television camera tubes can 
in principle be used to detect and record 
astronomical images, however, television 
broadcast cameras are severely limited by 
noise (from the video pre-amplifier) at low 
light levels. It is therefore important to use 
a camera tube with high internal gain and 
the capability to integrate a weak signal 
over a long period before readout. Two 
tubes having these properties are the SEC 
and SIT vidicons, both originally 
developed for the military market as night 
vision devices. A photocathode generates 
photoelectrons which are accelerated to a 
few keV in the image section and focused at 
the target. Electron multiplication takes 
place in the target and, at the end of the 
exposure, the amplified electron image is 
read by a scanning electron beam in the 
readout section. The SIT target has an 
electron amplification up to 2,000 but 
requires strong cooling (to -60°C) in order 
to reduce the dark current sufficiently to 
permit long integration times. The SEC 
target has lower gain (~100) but can 
integrate and store charge images 
indefinitely at room temperature without 
degradation, but it has the disadvantage of 
lower Storage capacity and produces 
‘grainier’ images. Notwithstanding, the 
SEC tube has been used successfully in 
several astronomy programmes, and is the 
prime detector on the International 
Ultraviolet Explorer observatory satellite 
where its operational simplicity is fully 
exploited. 


Image intensifiers 
Image intensifiers come in several forms, 
all using a photocathode for the initial 
conversion of photons into an electron 
image. They have arbitrary input and 
output spectral characteristics, for 
example a device may accept a UV image 
but convert it to an enhanced optical 
image. In the simplest case electrons from 
the photocathode are accelerated onto a 
phosphor screen to produce an enhanced 
optical image. A blue-light gain of 50 is 
typical for a simple device of this kind, but 
several such stages can be arranged in 
cascade to give a very high overall gain, a 
four-stage intensifier produced by EMI 
having a blue-light gain of about 10’. 

The microchannel plate (MCP) can also 


be employed as an image intensifier 
capable of extremely high gain. It consists 
of an array of fine, slightly conducting 
glass tubes having a secondary emission 
coefficient greater than unity. An 
accelerated electron entering one of the 
channels and striking the wall produces 
secondaries, which are accelerated by an 
internal electric field and in turn strike the 
wall, eventually producing an avalanche of 
electrons which emerges from the output of 
the channel. 

The MCP can also be built into a very 
compact double proximity-focused 
Structure using a conventional photo- 
cathode on its input window to give a 





Fig. 1 Single photon events detected with a 

high gain image intensifier viewed by a 

television camera, as employed in the IPCS. 

This isometric display represents less than 

half of one per cent of the available 
television field. 


‘wafer’ intensifier with high gain and no 
distortion. Although the electron gain of a 
MCP with straight channels is limited by 
the onset of positive ion feedback, several 
techniques have now been introduced to 
suppress this, the most satisfactory being to 
curve the channels, which can give an 
electron gain greater than 10’ without 
difficulty. Additionally, the output pulse 
sizes at such high gains are confined to a 
Sharply peaked distribution which 
substantially decreases the added noise in 
the image compared to the low gain 
performance. Although the output of an 
image intensifier may be record®™@ 
photographically, this combination still 
suffers from non-linearity and small 
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stronic detector such | as a ‘television 
camera tube i is far more satisfactory. This is 
xploited in the widely used technique of 
“image photon counting’ first developed by 
Boksenberg, who employed an EMI four- 
stage intensifier lens-coupled to a Philips 
‘Plumbicon’ television camera tube. 


Image photon counting systems (IPCS) 
The basic idea of image photon counting is 
to amplify a faint image to a level where 
single photon events can be discerned 
above the readout noise of a television 
“camera used to view the output screen of a 
high gain image intensifier (Fig. 1). The 
television camera acts as a spatially 
-sensitive one-frame buffer store and passes 
the. photon signals to a special pattern 
- processor which records their central 
. positions, and then passes these to the 
„digital electronic memory of an on-line 
‘computer. Photon events registered in each 
-television frame are then accumulated 
_ digitally, There is no limit to the length of 
exposure attainable because the system has 
no saturation capacity (unlike photo- 
graphic emulsion or television camera 
-v targets). The technique shifts the emphasis 
_. from. the detailed performance of the 
Individual devices themselves to the real- 
time data processing of the fundamental 
signals delivered by the initial photon 
-conversion layer in the system. 
` Recording only the central positions of 
each detected photon has two major 
advantages. Maximum efficiency is 
attained because each photon event is 
accorded equal statistical weighting, unlike 
the raw signals delivered by the television 
-camera which are variously sized due to 
-x ynegqual gain processes associated with the 
coupled image intensifier. This would 
~ otherwise lead to uncertainty in the number 
of detected events. Second, a markedly 
“sharper image is obtained because the 
“Image smearing inherent in the devices is 
removed in the processing of the photon 
> events, Also, since all amplifier noise is 
~~» rejected, there is no low-level threshold for 
very faint images, so images containing 
even a few photon events can be recorded 
-accurately, Another major advantage of 
the. system is the real-time display of the 
accummulating image on a monitor, which 
‘results in high operating efficiency in 
astronomy; considerable time may be 
saved by terminating exposures as soon as 
-required image signal-to-noise ratio has 
on achieved. 
lwo other systems also in routine use are 
he. Robinson and Wampler image dis- 
sector scanner, and the intensified Reticon 
scanner developed by Shectman. These 
have more restricted channel capacity than 
a full IPCS but are excellent for many one- 
> dimensional “spectroscopic applications. 











: eounting (or quasi-counting) detector are 
~ ff6w being developed, employing various 
forms of intensification and readout, some 
resulting i in very. nee devices. 
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Solid state det : 
-Various types- of solid state imaging 
detectors based on silicon photodetectors i 


have become available for astronomy in the 
past few years. Silicon is particularly 
efficient in the red and near-infrared 
compared to photoemissive surfaces, 
reaching about 80 per cent between 5,000 
and 7,000 A and extending beyond 11,000 
A. The various devices such as the Reticon 
and the charge-coupled device (CCD) are 
distinguished by the method of reading out 
the stored image. The detection efficiency 
is more or less limited by readout noise and 
build-up of charge background, and is 
highest for the CCD. 

CCD devices all contain a two- 
dimensional array of sensitive elements 
(typically of dimension 15-30 um), and 
arrays of up to 1,500x 1,500 elements 
are under development. The device is 
essentially a silicon integrated circuit of 
MOS type and comprises an oxide covered 
silicon substrate upon which is formed an 
array of closely spaced electrodes. Each 
electrode is equivalent to the ‘gate’ of an 
MOS transistor. Signal information is 
carried in the form of an electric charge 
which is localized beneath the electrodes 
with the highest applied potentials. Charge 
accumulates in these potential wells and is 
released for conduction in the silicon by the 
action of the incident photons. ‘Charge 
coupling’ is the technique by which this 
signal charge can be transferred from 
beneath one electrode to the next. This is 
achieved by sequentially pulsing the 


made to. "pass | down an array ‘of many : 


electrodes with hardly any loss and very _ 
little addition of noise. By this means the 
entire charge image can be shifted out. 
bodily, and entered into a line readout © 
section which delivers the now sequentially 
arranged signals to an on-chip video 
amplifier. The noise in this amplifier 
represents a limit to the minimum 
detectable signal, but in current devices can 
be as low as six electrons per image 
element. Cosmic ray events represent 
another limitation as silicon is an- efficient 
detector of high-energy charged particles. 
For use in astronomy the devices must be —. 
cooled to avoid the build-up of thermally- 
induced charge, which would otherwise _ 
mask the signal. Exposures of several hours 
can then be achieved without excessive 
interference due to dark current. 

Future improvements in image detection 
are likely to come at least as much from the 
application of new electronic processing 
and data reduction methods as from the 
development of better devices. The CCD is 
taking an increasing role in astronomy, and 
in future all detector devices may be of this 
type. Vast arrays might be built up of 
CCD configurations and internal gain 
might be achieved by avalanche processes 
already implemented in discrete diode 
structures. The technique of image photon 
counting, with its superior low light level 
performance, may then be achieved 
entirely in solid state. = 


Infrared astronomy 


from Erick T. Young 


SINCE the first detection of infrared (IR) 
radiation from a celestial source by Sir 
William Herschel! in 1800, the sensitivity 
of IR detectors has improved by many 
orders of magnitude. However, the true 
revolution in IR astronomy came in the 
1960s with the advent of cooled 
semiconductor detectors. With these 
devices, the barrier to detecting ever fainter 
sources became the natural backgrounds 
from the atmosphere and telescope rather 
than the detector itself. 

The astronomical IR spans the wave- 
length range from just below lum to 
1,000um. Although groundbased obser- 
vations are limited to a few atmospheric 
windows of below 304m and at 350 and 
450um, observations from balloons, 
aeroplanes, and spacecraft have now 
opened the entire range to study. Detection 
techniques vary from optical methods at 
the shorter wavelengths to quasi-radio 


methods in the submillimetre range. The 
choice of detector for a system depends on 


cost, required sensitivity, wavelength — 
coverage, backgrounds, cooling 
capabilities, and time resolution. The 
requirements of IR astronomy are quite . 
distinct from most applications. Most im- 
portantly, astronomical sources are. 
exceedingly faint, and consequently — 
sensitivity is the most important detector. 
parameter. To this end the detectors are 
usually operated cooled with restricted | 
fields of view to keep the background noise | 
to a minimum. 





Sensitivity limits for detectors 
The sensitivity of an IR detector is the ulti- _ 
mately limited by noise both in the detector 
and in the associated electronics. Thermal. 
detectors are subject to phonon noise. 
associated with the finite temperature of 
the sensing element. Photon detectors can 
have noise due to the random SOROR 
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Fig:} Current-voltage curves for an InSb 
photovoltaic detector operating at 77K. The 
= < two curves represent the case with back- 
ground irradiation and the case without 
: background irradiation. 


and recombination of charge carriers, and 
all detectors suffer from Johnson noise due 
to the thermal motions of the charge 
carriers. Additionally, noise due to the 
fluctuations in the background photons 
-seen by the detector can contribute signi- 
< ficantly, and indeed are the most important 
source of noise with the current generation 
of IR detectors. The great promise of space 
periments is the elimination of back- 
grounds due to the atmosphere and the 
_ telescope. 
=- > For an IR astronomer, the two most 
: important parameters for detectors are the 
noise equivalent power (NEP) and the 
¿i quantum efficiency n. The NEP gives the 
` power incident on the detector which yields 
- &@ unity signal-to-noise ratio in one second 
of integration time, and is therefore an 
indication of the required integration time 
r detecting an astronomical source at a 
ven signal-to-noise ratio. The responsive 
ntum efficiency n is the ratio of elec- 
ns generated in the detector to incident 
yhotons. Of more use is the detective 
juantum efficiency np, first applied to IR 
letectors by Jones’, np = NEP}, /NEP?, 
where NEP,, is the noise equivalent power 
‘of a perfect detector, limited only by the 
ckground photon fluctuations, and 
NEP is the actual noise equivalent power 
or those conditions. np is therefore a 
sure of how closely a detector 
‘approaches the theoretical limit. The 
etective quantum efficiency is especially 
eful when the photon background 
tuations are the dominant noise source. 
je absence of spurious noise, np has the 








































te schel’s first IR detector was a thermal 
a thermometer. Thermal 
detectors. utilize the temperature depen- 
ence i some ep parameter for the 





‘detection of IR energy. ‘The IR. ener 
converted into thermal energy of the lattice 
which is subsequently sensed. Currently, 
the most sensitive thermal detectors are 
liquid helium cooled germanium or silicon 
bolometers. With suitable doping, the 
impurity conductivity in silicon and 
germanium shows a very strong depen- 
dence on temperature’. By carefully 
mounting the semiconducting element so 
that the thermal conductance to the helium 
bath is small, minute amounts of IR energy 
will cause measurable changes in the 
conductivity of the device. Clearly the 
thermal fluctuations in the device can be a 
significant noise source, and it is highly 
advantageous to cool the detector. The 
galllum-doped germanium. bolometer 
invented by Low’ was the first device to 
approach the theoretical sensitivity limits 
at liquid helium tempertures. In the back- 
ground conditions where the noise due to 
photon fluctuations is greater than the 
thermal fluctuation noise, the Ga-doped 
Ge bolometer is a virtually ideal detector 
with almost unity quantum efficiency. This 
detector is widely used in astronomical 
observations, and its application to photo- 
metry has been described in detail by Low 
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semiconductor with a shallow p-type 
dopant. 





and Rieke’. Typically these devices are 
cooled with superfluid helium to below 1.5 
K, and NEPs as low as 7 x 10- W Hz-” 
have been realized. Because bolometers are 
thermal detectors, the wavelength limits to 
the response are set by the efficiency of 
coupling the radiative energy into the 
lattice. Using special absorbing materials, 
sensitive detectors into. the millimetre 
wavelength range have been made. Current 
directions in research include developing 


bolometers for use at the much lower tem- 


peratures available with He III refriger- 
ators and dilution refrigerators. NEPs 
better than 10-'© WHz- appear to be 
realizable. 


Photovoltaic detectors 
At wavelengths below 5yum, the most 
commonly used IR detector is the InSb 
photodiode, which has generally replaced 
the older PbS detector in high performance 
applications. In groundbased observing 
conditions, the InSb detector offers excel- 
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lent performance, with q 

efficiencies in excess of 60 per cen 
photodiode, charge carriers are genera 

by photons in the depletion region and a 
swept out by the p-n junction voltag 

Figure | shows the current-voltage curve 
for a high performance InSb photodiod 
In the presence of photons, a current. 
generated across the junction that is pr 
portional to the irradiance. These detectors 
became astronomically useful with. the 
incorporation of the transimpedan 
amplifier (TIA)®. This amplifier acts. asa 
current to voltage converter, and by mai 
taining a zero potential across the detecto 
noise contributions due to leakage currents 
are eliminated. The Johnson noise of the 
detector and noise in the associated elec- 
tronics become the ultimate performance 
limitations. By cooling the detector. ‘to 
liquid helium temperatures and by using 
very low noise junction field effect tran- 
sistors (J-FETs) in the amplifier, Rieke et 
al.’ have attained background- limited 
performance at wavelengths as short as 
2um. NEPs of 7 x 10-!7 W Hz-” have been — 
reached, with operation limited to low | 
frequencies. : 












































































Photoconductive detectors 2 
When electron-hole pairs are created ina 
semiconductor by the absorption: of. 
photons, the conductivity of the material is 
temporarily increased until these charge 
carriers recombine. Application of a bias 
voltage allows the external detection of 
these carriers in an amplifier. Intrinsic 
photoconductivity can occur if the energy _ 
of the ionizing photon is greater than the 
bandgap of the material. As the intrinsic 
bandgaps of Si and Ge are 1.166 and 0.75 |. 
eV, respectively, these materials are not. 
suitable for detection beyond 1.5 um. 
Recent work has included the development 
of intrinsic materials such as HgCdTe with- 
narrower bandgaps. To date, however, 
there has been little application of these 
materials in IR astronomy. Extrinsic 
photoconductivity utilizes energy levels 
due to impurities that lie within the 
forbidden gap. Figure 2 illustrates. the 
energy bands of a typical semiconductor 
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Fig.3 Normalized spectral response curves 
for some of the more important eo 
detectors. F l 















































































fice Enportant ¢ ones. are : Hustrated i in 
(3. By choosing a suitable dopant, the 
pectral response of the detector can be 
tailored to the specific requirements of the 
Xperiment. Since extrinsic photo- 
‘conductors have a definite long wavelength 
cut-off, they are not subject to noise due to 
thermal fluctuations in the cooling bath. 
‘As long as the temperature is low enough to 
_ prevent thermally excited carriers, the only 
important noise source is the background. 
_ Extrinsic photoconductors are currently 
the most sensitive detectors available for 
operation under reduced backgrounds. 
Consequently, they are the principal detec- 
tors in the current generation of low back- 
-ground space IR astronomy experiments, 
-including the Infrared Astronomy Satellite 
{IRAS) and the Spacelab 2 Infrared 
‘Telescope? (SL-2 IRT). These space experi- 
> ments will achieve greatly reduced back- 
- ground levels by cryogenically cooling the 
telescope. For example, the 12 um band of 
IRAS will have ~10° times lower back- 
<; ground power than with a comparable 
--groundbased system. The better than 
100-fold improvement in NEP translates to 
-a 10'-fold reduction in integration time. 

Current extrinsic photoconductors have 
typical quantum efficiencies of 30 per cent, 
although values as high as 80 per cent have 
been reported!’. Noise equivalent powers 
in the 10-7 to 10-'§ W Hz~” range are 
attainable with TIA amplifiers and feed- 
back resistors of ~ 10'°Q. These detector 
systems are adequate for the present 
generation of space experiments, where 
NEPs are limited by the thermal back- 
ground from the interplanetary dust. 
Future IR astronomy experiments, such as 
-the Shuttle Infrared Telescope Facility 
(SIRTF), possibly with diffraction-limited 
pixels and narrow bandwidths will require 
.. Significant improvements in sensor tech- 
~ nology to remain background-limited. In 
< particular, amplification techniques will 
play a critical role in realizing the potential 

sensitivity. 

-A second exciting area of development is 
in large detector arrays. This technology 
has only recently become declassified, and 
nuch work remains to make arrays that are 
itable for astronomical use. By the early 
990s, when SIRTF is hoped to be i 
operation, highly sensitive arrays 
housands of pixels should be available. C 
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~ from Brian Taylor 


THE very rapid advance of X-ray 
astronomy through the 1970s has produced 
demands for new detector developments 
with emphasis on large energy bandwidth 
(within the total range from tens of eV to 
tens of keV) spectral resolution, back- 
ground rejection and position sensing 
capability if the momentum of the 1970s is 
to be maintained through the last two 
decades of the century. In particular 
position resolution is crucial given the 
advent of grazing-incidence imaging optics 
capable of providing arc second image 
quality at low energies, and coded aperture 
masks providing arc minute image quality 
at the upper end of the energy range. 


Proportional counters 

The state-of-the-art in mechanically col- 
limated gas-filled proportional counters, 
the traditional work-horse for X-ray 
astronomy above 1.5 keV, is probably best 
exemplified by the eight, multiwire 
detectors of the Medium Energy Experi- 
ment! to be flown later this year on the 
EXOSAT mission’. These detectors give 
an effective area of 1,600 cm’, are colli- 
mated to 45 arc min full-width half maxi- 
mum (FWHM) and cover the energy range 
up to 50 keV. Use of five-sided anticoinci- 
dence and risetime rejection techniques 
provide background rejection efficiencies 
>99 per cent in the range 1-6 keV, with an 
energy resolution of 22 per cent FWHM at 
6 keV. 

These collimated detectors, however, 
have a sensitivity limit of 0.3 millicrabs 
(10-!! erg cm? s~') due to source confusion 
in the field of view. For the study of the 
spectral and temporal characteristics of the 
bright X-ray sources (from the UHURU or 
Ariel 5 catalogues) this is not a draw-back, 
but for the determination of the high- 
energy spectral tails of weak sources 
detected by imaging telescopes better sensi- 
tivity is required. Conversely, the upper 
energy limit of current grazing-incidence 
optics (the Einstein observatory}, 
EXOSAT?, ROSAT*) is typically a few 
keV and collimated proportional counters 
are unsuitable for the spectral mapping of 
extended objects (SNRs, clusters of 
galaxies) or resolution of confused regions. 

This has lead to the development of 
coded aperture mask telescopes for use 
with large area proportional counters with 
two-dimensional position sensing capa- 
bility. Instruments to be flown’ on Space- 
lab 2 in 1984 and those considered for the 
potential ESA mission® X-80 in 1988 are 
examples. In the case of Spacelab 2, the 
detector has a window area of 32 cm 
square, is filled with Xe-CH, to 1.5 atm 
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and with multilayer, multiwire arrays a 
position resolution of <1 mm is achieved, 
using delay line readout from orthogonal 
cathode wire planes. The anode wires 
provide the energy signal; an overall. 
resolution of ~ 25 per cent being achieved 

at 6 keV. With a mask detector separation 

of 3m, mask elements 2.5 mm squareanda 7 
field-of-view of about 5°, an angular reso- 


lution of ~ 3 arc min is achieved for a tele- — 
scope covering the energy range from2.5to 


25 keV — well suited to the study of tem- ~ 
perature variations, iron line emission 
(near 7 keV) and non-thermal emission 
over clusters of galaxies. 

Proportional counters with position 
sensing in essentially one dimension may be 
used in conjunction with Bragg Crystal 
Spectrometers. Such instruments were 
flown on the Solar Maximum Mission’ to 
study the solar X-ray spectrum, and 
Spherical Crystal Spectrometers? are. 
specified for the X-80 mission® for the 
study of oxygen, silicon, sulphur and iron 
spectral features in cosmic x-ray sources. 
Resolutions E/AE of ~ 10 can be 
achieved, determined largely by crystal 
choice and geometry, and counters with a 
position resolution of <I mm over a length 
of some 25 cm, achievable with the resistive 
wire anode, charge division technique are 
required. The spherical crystals allow the 
mapping of extended sources and position 
resolution in the plane orthogonal to the 
plane of dispersion is also required. The 
long, narrow counters require five-sided 
anticoincidence for good background 
rejection, given the relatively small-crystal 
area contributing to a given energy and the 
long observation times.of 10*~10° s 

Proportional counters required to be 
sensitive above 1.5 keV normally employ | 
thin (~ 50 um) Be foil entrance windows, 
For observations below 1.5 keV thin plastic 
windows must be used. Polypropylene has 
been widely used, for example the position 
sensitive proportional counter? on — 
EXOSAT has a 0.8 um, 28 mm diameter. _ 
window supported witha fine wire grid and 
withstands a pressure differential of 1.2 © 







none are Sed and Lexan’ 
with thicknesses of <0.3 pm hi 
ora 


ee Facility Pont pt its 2 
10-m focal length and 1.2-m diameter outer 
mirror requires an imaging proportional 
counter with a window aperture of 18 cm 
diameter to cover its 1° field of view. a 
Numerous methods have been 
developed for determining the position of 
the PROLECE sieges al X rays in. a 
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proportional counters in order to simplify 
the quantity of associated electronics. In 
the case of the Einstein IPC'*, the anode 
wire plane was sandwiched between two 
cathode planes, each comprising a resistive 
wire. A position resolution of 1.5 mm 
(FWHM) was achieved at 1.5 keV, corres- 
ponding to 1.5 arc min resolution through 
the optics. In the case of the EXOSAT 
PSD’, the anode is a resistive disk with four 
orthogonal pick-offs at the circumference. 
Pre-launch calibration of the argon/20 per 
cent methane filled detector has shown an 
on-axis position resolution of 0.2 mm 


(FWHM) at 1.5 keV, with a gas gain of 


6 x 10*, equivalent to 40 arc s through the 
optics. The position resolution degrades 
off-axis with noticeable non-linearity, 
however, essentially distortion-free 
resistive anodes have been modelled”? and 
are under development. The energy reso- 
lution in the EXOSAT PSD is ~35 percent 
FWHM at 1.5 keV. 

Position accuracy in a proportional 
counter is ultimately limited by lateral dif- 
fusion of the primary electron cloud in the 
absorption region, but noise and the con- 
figuration of the readout system play sig- 
nificant roles, however a figure of 100 um 
FWHM at 1.1 keV has been achieved in a 
prototype XUV camera'*. Such a detector 
performance coupled with a plate scale of 
the AXAF optics (50 um/arc s) would yield 
a spectral mapping capability down to 
2 arc s. 


Gas scintillation proportional counters 

The energy resolution of practical 
proportional counters is typically 20-25 
per cent at 6 keV witha £-9.5 energy depen- 
dence. The statistics of the photoabsorp- 
tion process and electron multiplication at 
the anode wire contribute about equally to 
the resolution. The past few years has seen 
rapid development of the gas scintillation 
proportional counter (GSPC) asa practical 
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Sequence of 150-s observations of the X-ray burster in globular cluster Terzan 2 made with 
the Einstein Observatory IPC. 


detector for spectroscopy in X-ray 
astronomy. In this device, electron multi- 
plication is avoided; the primary photo- 
electrons are accelerated by an electric 
field, typically 4 kV cm~', through pure 
xenon. Copious quantities of UV photons 
are released from molecules, and are de- 
exciting following collision of the acceler- 
ating electrons with the gas. These UV 
photons (1,600-1,900 A) can be observed 
directly with UV sensitive photomulti- 
pliers. 

An energy resolution of 7.5 per cent 
FWHM at 5.9 keV has been achieved witha 
small non-imaging detector!’ suitable for 
use with X-ray optics. The first flight of a 
2x 200 cm? effective area, spherical field 





X-ray image of the supernova remnant SN1006 (Einstein Observatory IPC), with selected 
energy range 0.01-0.3 keV (left) and 1.2-4.0 keV (right). (X-ray Astronomy Group, 
University of Leicester/Harvard-Smithsonian Center for Astrophysics.) 








GSPC took place in September 1980 witha 
180 second rocket observation of the SNR 
Cas-A'®. These detectors with 10 per cent 
FWHM were able to resolve the iron line 
emission feature at ~7 keV from the con- 
tinuum in the raw data — amply demon- 
strating their potential as broad-band 
spectrometers. Generically similar 
detectors will be flown on EXOSAT"’. 
Spacelab 1 in 1983 (ref. 18) and the 
Japanese mission ASTRO-B!'® (1983). 
Background rejection within these first 
generation detectors relies exclusively on 
UV burst length discrimination, analogous 
to risetime discrimination in conventional 
proportional counters. On the basis of 
laboratory simulations and the results of a 
preliminary rocket flight, it is estimated 
that the EXOSAT GSPC will achieve 97 
per cent background rejection efficiency in 
the range 2-10 keV (ref. 17). 

A number of methods have been ex- 
amined to provide position sensing in 
GSPCs, including the use of multiple 
photomultipliers*’?', on the principle of 
the Anger camera, the coupling of a 
position sensitive photoionization detector 
(PID) using TMAE?*>*4 (tetrakis [dimethy]- 
amine] ethylene with a photoionization 
potential of about 3.5 eV) and the coupling 
of a microchannel plate?>°. In the two 
former cases, the energy resolution per- 
formance of the GSPC is maintained while 
position resolutions of about 1 mm at 6 keV 
have been achieved. The first rocket flight 
of a GSPC/PID coupled to X-ray optics 
took place in 1981 yielding multicoloured 
images of the Cygnus loop from which the 
distribution of oxygen and temperatures 
across the shock-front could be deter- 
mined?’. Preliminary work with tee 
coupled microchannel plate? and the use 
of coded TMAE as a liquid photocathode 
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formance of the associated optics. Indeed, 
the half energy width of the AXAF optics 
-could be as much as | arc min at the edge of 
the field of view". 
_ The problem of background contamin- 
-ation becomes very severe for observations 
above 20 keV where up to now the 
- ‘Phoswich’ detector has been employed 
largely in balloon-borne instrumentation. 
Such an instrument was successful in dis- 
_ covering the spectral feature in Her X-I at 
~~ 60 keV ascribed to cyclotron emission”. 
5 Alternatives to the phoswich are being 
. developed including position sensitive pro- 
-portional counters” and GSPCs?! for use 
‘with coded aperture masks. These 
< detectors are filled up to 5 atm of xenon to 
-provide adequate stopping power and 
‘incorporate ‘fluorescent gating’, in which 
an event qualifies only if the initial photo- 
absorption is detected in conjunction with 
~. the detectors of a xenon k, or k, fluorescent 
_»photon. With fluorescence gating applied 
< to a non-imaging GSPC a background 
_rejection of between 99.3 and 99.8 per cent 
-was achieved over the energy range 35-100 
- keV coupled with an energy resolution of 
2.7 per cent FWHM at 60 keV (ref. 32). 
Recently the intriguing possibility of 
combining the spatial resolution of 
proportional counters with the energy 
resolution of GSPCs has been investi- 
gated. By employing a low drift field in a 
parallel plate proportional counter, the 
“electron cloud is allowed to diffuse so that 
each individual electron produces its own 
independent avalanche, the light pulse 
from which can be detected and counted. 
< Asin the GSPC, energy resolution is deter- 


To be detected in a proportional 
counter an X-ray photon must pass 
through the window and be absorbed in 
the gas inside the device. Ali the 
photon’s energy is used in producing 
electron-ion pairs and the number of 
electrons liberated is proportional to the 
energy of the incident photon. The 
| negatively charged electrons drift 
towards the anode wires under the 
influence of the electric field. Anode 
wires with radii of 10-30 um are used so 
that the electric field near the wires is 
>i large enough to cause the electrons to 
| ionize the gas molecules further. This 
`| process causes an avalanche of 
-j> electrons, and the number of electrons 

¿reaching the wire may be several 
thousand times the number produced in 
‘| the initial ionization. This multi- 
|. plication factor is independant of the 
P original number of electrons and so the 
qo size of the pulse sneed by electronics 


1. 5 keV hae ben aed: Diffusion- 


limited position resolution has been 
achieved with an image intensifier. 


Microchannei plates 
The lower energy limit for gas-filled detec- 
tors is, of course, determined by the 
entrance window. Measurements into the 
EUV and XUV bands may be made using 
imaging optics in conjunction with the 
microchannel plate**, an array of small 
(10-50 ym) channel electron multipliers. 
An energetic photon incident at the 
entrance to a channel liberates an electron 
which initiates an avalanche through 
secondary emission from a continuous 
dynode on the inside of a channel. By 
putting two or more plates in series and em- 
ploying different bias angles (the angle of 
the channel to the plate surface) high 
charge gain (up to 10°) can be achieved 
without ion feedback. Because the 
quantum efficiency of a microchannel 
plate is low it is customary to coat the 
surface of the front plate. In the case of the 
EXOSAT channel multiplier array (CMA) 
focal plane detector’, a magnesium 
fluoride coating is used which provides 30 
per cent efficiency at 0.05 keV falling to 10 
per cent at 1 keV, much smaller than the 
position sensitive proportional counter. 
Several methods have been developed 
for MCPs including charge division read- 
out of crossed wire grids as in the case of the 
Einstein observatory’s high resolution 
imager?*, the resistive disc readout method 
for the EXOSAT CMA? and various con- 
figurations of multi-anode readout 
arrays**. The position resolutions achieved 
with MCPs are independent of energy and 
are largely governed by the readout 
method. It is anticipated that 15 wm will be 
achieved in the case of the AXAF HRI 


- Operation of the proportional counter 


connected to the anode wire is 
“proportional” to the energy of the 
incident photon. However, because of 
statistical variations in the initial 
ionization and avalanche, the response 
of a counter to X rays of a single energy 
is broadened, resulting in a finite energy 
resolution. 

With a more complicated internal 
configuration and sophisticated 
electronics the location of the avalanche 
within the counter may be determined. 
By placing such a counter at the focus of 
an X-ray telescope it is therefore 
possible to obtain X-ray images. 
Unfortunately proportional counters 
are prone to many unwanted effects 
that may greatly degrade their 
performance. For this reason the choice 
of gas filling (usually based on an inert 
gas such as argon or xenon), and 
physical characteristics, are quite 
critical. 





diameter 50m mm, ‘channel diameter 50 um 
Due to its saturated mode of operation, the 
microchannel plate has no intrinsic energy 
resolution, and offers the ultimate in 
‘black and white’ imaging. P 
Focal plane detectors developed to date — 
have been planar in section. However, the 
focal surface of grazing-incidence X-ray 
optics tends to be far from planar as one 
goes off-axis. The microchannel plate, by 
virtue of its construction, may be formed to 
adopt the contour of the focal. surface.. 
Such a development may be pursued for 
the wide-field, XUV camera of the ROSAT S 
mission’. s 
The detectors described above, the pro-. 
portional counter, the gas scintillator and 
the microchannel plate are by no means the 
only ones employed or with potential in 
X-ray astronomy. Charge coupled devices 
(CCDs) have been adapted for the X-ray 
waveband**, and with sizes of up to 25 mm 
square may achieve 15 um position reso- 
lution and energy resolution comparable to 
the GSPC. A number of solid state detec- 
tors without position sensing properties 
and available in relatively small areas. but 
with energy resolutions of ‘a few per cent’ 
cover the range from 1-100 keV, and 
include cooled Si(Li), intrinsic ger- 
manium??, and mercuric iodide detec- 
tors*’, and finally there is the coded mask/ 
sodium iodide crystal/Anger camera com- 
bination studied for the SIGMA mission*!. 
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- A number of exciting new experimental and theoretical developments have recently made a dramatic 
~ impact on the interdisciplinary study of cosmology and elementary particle physics. The Nuffield’ 
_. Foundation recently sponsored a 3-week workshop in Cambridge where theoreticians worked inten- 
«sively on some of these problems. A brief review is given of the progress that was made as a result 
«of the workshop, something of the background to the problems tackled, and the likely course of future 





— developments. 





FOR the past four years the Nuffield Foundation has sponsored 

a workshop devoted to related aspects of gravitation and par- 
ticle physics. Last month’s workshop, organized by Stephen 
Hawking and Gary Gibbons at Cambridge, focused on the 
theory of the very early Universe (events occurring during the 
first-second of its expansion history). The spectrum of par- 

+» ticipants was international with five particle physicists and cos- 
_. Mologists from the Soviet Union and the remaining 25 from 
Europe and the United States. It transpired that the conference 
organizers could not have chosen a better topic for detailed 
collective scrutiny. During the past six months there have been 
a number of dramatic theoretical and experimental develop- 
ments on the interface between particle physics and cosmology 
___ that threaten to revolutionize our thinking about the large-scale 
Structure of the Universe and link together our studies of the 
“very large and the very small more closely than ever before. 
Early this year Linde’, in the Soviet Union, Albrecht and 

` Steinhardt’ in the United States and Hawking and Moss? in the 
UK proposed a model of the very early Universe (dubbed the 
‘new inflationary Universe’) in which, through a phase transition 
soon after the big bang (ft ~ 10°** s), a number of longstanding 

= and outstanding cosmological problems seem to be simul- 
~~ taneously and naturally resolved. Then, last March, Cabrera of 
_ Stanford University, reported* experimental evidence con- 
_ sistent with the detection of a single magnetic monopole. If, 
-and this has not yet been confirmed, he has indeed seen the 
. Magnetic monopole predicted to exist by new grand unified 
gauge theories’ of elementary particle interactions at high 
< energy (GUTs), then his result could provide a most dramatic 
and direct witness to the fact that the Universe was once at 
_ least as hot as 10°’K. Just to make things more interesting, it 
appears that Cabrera’s monopole is inconsistent with the 
xistence of the Galaxy’s magnetic field; if these monopoles 
exist they should have discharged large-scale cosmic magnetic 
fields long ago. In addition, monopoles would themselves 
provide microscopic ‘laboratories’ for the study of particle 
= physics down at length scales ~10~75 cm and a confirmation of 
‘the overall philosophy of grand unification. During the past 
ear there has also emerged a growing interest in particle physics 
ries that not only unify the description of the three basic 
ractions (strong, weak and electromagnetic) but which are 
upersymmetric (Supersymmetry is a symmetry which 
s the particles of integer spin (bosons) which do not obey 






















do). The cosmological implications of such schemes are 





_ substantial but, so far, only partially explored. Almost all the 


-* 9028-0836/82/340801—-05$01.00 


‘he inflationary Universe—birth, death an 
transfiguration 


John D. Barrow 
Astronomy Centre, University of Sussex, Brighton BN1 9QH, UK 


Michael S. Turner 
Astronomy and Astrophysics Center, University of Chicago, Chicago, Illinois 60637, USA 


xclusion principle to those of half-integral spin (fermions) _ tuned to search for the characteristic proton decay eventahm - 
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work done and talks presented at the workshop involved aspects 
of one or more of these three exciting developments. : 


Symmetry breaking and unification 


The study of the very early history of the Universe amalgamates 
two seemingly unrelated disciplines: cosmology and elementary 
particles. So far, gauge theories have been very successful 
describing and predicting the behaviour of fundamental partic 
interactions: the strong (or colour) force controlling quarks 
successfully described by an unbroken SU(3) symmetric gau 
theory; the weak and electromagnetic forces are conjoined in 
an SU(2) x U(1) symmetric gauge theory (the Weinberg-Salam~_ 
Glashow model) which is spontaneously broken at an energy 
of about 10° GeV. The point of spontaneous symmetry breaking 
(SSB) is that although the laws of physics may be intrinsically 
symmetrical, that symmetry is not manifest below a certain 
temperature or energy level because the lowest energy state of 
the system (the vacuum, as it is called) is a particular solution — 
of the equations that does not possess their symmetry. In- 
spontaneously broken gauge theories the properties of the- 
vacuum state are of vital importance and are described by the 
vacuum expectation value of a scalar field—the Higgs field’. 
The appearance of a non-zero vacuum expectation value signals. . 
SSB. 
The mathematical elegance and experimental vindication of 
the SU(3) and SU(2) x U(1) models has led to their incorpor-: 
ation within proposals for the grand unification of the strong — 
and electro-weak interactions. In such models a spontaneous: 
breakdown of complete symmetry between the strength and 
properties of these three interactions occurs when the tem 
perature falls to 10°* K, an energy of about 10°° GeV. Clearly 
if we are going to check such ideas by experiment we neéd’ 
energies of ~10°° GeV to probe the symmetric vacuum. Such 
energies are never likely to be attained by terrestrial. 
accelerators; so far only energies up to 1,000 GeV have bee! 
attained. There are very few low-energy consequences of GUT 
that we can test but there are two generic predictions whic 
are both extraordinary and accessible to current technology. I 
is predicted that the proton will be unstable with a lifetime” 
~10°'** yr and that stable, magnetic monopoles exist with a- 
mass ~10'° GeV (that is, about 10~* g), At present about a 
dozen experiments are either operational or soon to be so.and- 
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The Indian—Japanese collaboration, which is examining the. 
stability of protons within about 140 tonnes of iron buried - 
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; been made by the CERN group experimenting inside Mt 
anc. They have detected a single candidate event. 

-The early Universe was not subject to the type of budgetary 
-and technological limitations that we encounter today. Accord- 
ng to the hot big bang model, temperatures corresponding to 
verage particle energies as large as 10°? GeV should have been 
reached in the early Universe. So, it is clear that the early 
‘Universe provides an ideal ‘theoretical laboratory’ for the study 
‘of grand unification, By way of a corollary, grand unification 
can have remarkable consequences for the expansion and evol- 
ution of the Universe. Already, a key cosmological contribution 
has been made’*"’’: the same interactions that mediate proton 
decay today allow an initial universal state which is symmetric 
between matter and antimatter to evolve into one with an excess 
of matter which translates, after the antimatter annihilates, into 
one like our own that contains, on average, about 10°" photons 
for every nucleon of matter. Grand unified theories are able 
to explain both the origin of matter (rather than just radiation), 
the non-existence of antimatter in space, as well as the relative 
‘abundance of photons and nucleons—previously all unsolved 
` puzzles. 








-Birth of the inflationary Universe 


In 1981 Guth”® proposed a new picture for the early stages of 
the hot big bang model which provided a ‘natural’ explanation 
fora collection of cosmological conundrums. The picture was 
christened the ‘inflationary Universe’. Guth pointed out that if 
the Universe got ‘caught’ in the symmetric vacuum early on, 
-when the temperature was below that at which the asymmetric 
“vacuum was energetically more favourable (a lower energy 
<. state), then because of the large energy density associated with 
~~ this state, the Universe would expand exponentially and ‘super- 
cool’, erasing its previous history. (Such an exponential 
expansion was first discussed by de Sitter*' for other, mathe- 
--_ matical reasons.) When the transition to the asymmetric vacuum 
state does occur, an enormous ‘latent’ heat (the energy 

-difference between the two vacuum states) is released, reheating 
the Universe so its subsequent evolution is that of the standard 
hot big-bang model. As a result of this ‘de Sitter’ phase in its 
_early evolution, the portion of the Universe that is observable 
“today should be extremely uniform and expanding at a critical 
‘rate (that is, the ratio of the potential to the kinetic energy in 
the Universe, 0, should be equal to 1). Without this de Sitter 
phase, in which the size of the Universe is greatly ‘inflated’ 
-over what one would expect early on, the present uniformity 
-of the Universe and the proximity of its expansion rate to the 
critical value remain a mystery. Our only ‘explanation’ would 
ye to appeal to very special initial conditions which does not, 
of course, explain anything. Guth’s inflationary Universe dis- 
- pensed with the need for special initial conditions. Furthermore, 
“it solved an embarrassing problem: the over-production of 
fagnetic monopoles during the SSB phase transition of the 
SUT. In the earlier, more conventional models of the GUT 
phase transition so many monopoles were predicted to arise 
that they would contribute a density more than 10°’ times larger 
an the maximum allowed by the observed deceleration of the 
Universe?” ™., In the inflationary model, the period of accelerat- 
ing expansion during the de Sitter phase dilutes the monopole 
density to a small and observationally permissible level. 
Unfortunately, as Guth and others realized, his original 
inflationary scenario possesses one fatal flaw: models in which 
the Universe gets trapped in the symmetric phase early on, end 
up with it caught there forever! If we are certain of nothing 
we can be sure that we do not live in a symmetric 
* vacuum—if we did then our protons would all decay in 

















advantageous features of Guth’s inflationary model could be 
retained whilst the difficulty of escaping from the symmetric 
vacuum of the de Sitter phase could be overcome. In their 
second generation model—the so-called ‘new inflationary 
model’—the Universe never gets trapped in the symmetric 
vacuum state but instead simply takes a very long time to evolve 
from the symmetric to the asymmetric vacuum state, and while _ 
the Universe is evolving from the symmetric to the asymmetric _ 
state it expands exponentially due to the large energy density 
of the symmetric vacuum. In this new model the evolution to- 
the true vacuum takes long enough for sufficient exponential ` 
expansion to occur to explain the uniformity, expansion rate 
and monopole-free composition of the present-day Universe. 
Guth, Hawking, Linde, Moss and Steinhardt were all in 
attendance at the Nuffield Workshop and because of its poten- 
tial explanatory power and topicality the ‘new inflationary Uni- 
verse’ was the focal point of considerable critical scrutiny during 
the 3-week period. One exciting issue was actively investigated 
by four different research groups throughout the workshop 
(J. Bardeen, P. Steinhardt and M. Turner, A. Starobinskit; 
S. W, Hawking; A. Guth). They sought to calculate the form 
of the matter inhomogeneities that are spontaneously generated _ 
during the de Sitter phase and decide whether they explain the — 
pattern of irregularity we see throughout the Universe today 
in the form of galaxies and clusters. In the new inflationary 
model the Universe emerges from the de Sitter phase too 
smooth to allow the subsequent development of objects like 
stars and galaxies. The four groups all considered the form of 
the density inhomogeneities that arise from spatial fluctuations 
in the scalar field that leads to the SSB of the GUT. Although 
by the second week of the workshop there was radical disagree- 
ment amongst the groups as to the magnitude of the final 
fluctuations—but complete agreement, both amongst them- 
selves and with observation, as to the relative change in the 
magnitude from one length scale of the Universe to the next—by 
the end they were in agreement, and by very different methods 
had arrived at essentially the same result (testimony to the 
stimulating atmosphere of the programme}. The result was bad 
news for the ‘new inflationary Universe’—or at least for the — 
simplest version studied so far: the resulting inhomogeneities 
were found to be far too big to lead to galaxies, rather everything 
would evolve to form superdense objects or black holes—not 
the type of Universe we live in. Linde” also reported that 
fluctuations in the scalar field might actually prevent the phase 
transition from occurring slowly enough to resolve the cosmo- 
logical puzzles in the first place; again in the simplest model. | 
The simplest model of new inflation was officially pronounced | 
dead, just 6 months old. á 
However, the work done on this problem before and during 
the Cambridge meeting has been crucial. It has spelt out exactly 
what type of GUT is needed to have both a de Sitter phase 
and a resulting inhomogeneity spectrum in accord with present 
astronomical observations, By the end of the workshop Bar- 
deen, Steinhardt and Turner had proposed a candidate super- 
symmetric model which satisfied these necessary criteria. At 
the moment, the basic idea of ‘new inflation’ still seems to ~ 
possess attractive features. If an even ‘newer’ inflationary model 
can be constructed which is both a phenomenologically accep- 
table particle physics theory and without cosmological defect, 
then the marriage of GUTs and cosmology will have achieved 
a remarkable consummation. At a stroke a cluster of the most 
fundamental cosmological problems could be solved. i 
Lest anyone get carried away on the wave of euphoria sur- 
rounding inflation, the final summary talk of the workshop by 
Wilczek drew together several critical assessments that had _ 
been made earlier. The inflationary models ‘predict’ that today — 





the density parameter Q should be equal to unity to a very high © 


- degree of precision; certainly no measurements we can now 
_ make should be able to measure the difference from unity. But, 
< as Rees and Efstathiou reminded the particle theorists, the best 
istronomical determinations of Q all consistently suggest a 
smaller value, less than 0.2. A possible way out of this 
s if the Universe is dominated (Q ~ 1) by non-baryonic 
hich coalesces only on very large scales so that the 
vations made to date would not have been sensitive to 
esence of this matter. Candidates for the closure density 
dark matter include massive neutrinos, or one of the zoo of 
w particles postulated in supersymmetric gauge theories. 
= Earlier in the week, Sciama*° had stressed the attractiveness 
-+ Of photinos (supersymmetric fermionic partners of the photon) 
= for providing the closure density and dark matter in the galaxy. 
In the inflationary models the only relic monopoles which 
are present in the Universe today should be those produced 
shortly after the de Sitter phase by particle collisions*®*'! and 
_.their abundance should be very small. This was one of the 
Original virtues of the inflationary scenario. However, if 
- Cabrera’s observation of a monopole is correct and is rep- 
. fesentative of the typical flux in the Milky Way, then his 
__ observation appears to be in conflict with the inflationary model. 
_ Finally, Wilczek stressed that underlying the inflationary model 
is the value of the energy density associated with the vacuum. 
At present, particle physics calculations do not set the absolute 
scale of this energy density, only the difference in energy 
between the symmetric and asymmetric vacua. Our observa- 
tions of the total mass density of the Universe show that, 
compared to this energy difference, the energy density of our 
asymmetric vacuum must be at least a factor 0 (107°) smaller. 
If we define the energy density of the symmetric vacuum as the 
zero level then we can calculate the energy density of the 
_ asymmetric vacuum. Unfortunately, at present, we have no idea 
why the energy density of our vacuum should turn out to be 
_ 80 infinitesimal. An understanding of this ‘fact’ or a recasting 
Of the problem ought to reveal a deep connection between 
__ particle physics and gravity—and that may even spring a few 
surprises of its own. 





















-Monopoles 
Ever since 1931, when Dirac?” showed that the existence of 
magnetic monopoles requires the quantization of both electric 
and magnetic charge, physicists have continually searched for 
~ {and occassionally even claimed to have found) magnetic 
monopoles. The advent of GUTs has revived interest in 
+ monopole-hunting. These theories always predict the existence 
-of magnetic monopoles with a mass close to the energy scale 
- of grand unification**”*. Last March, Cabrera‘ reported experi- 
< mental evidence consistent with the detection of a single 
<- monopole. He utilizes a SQUID to monitor the current in a 
_ superconducting loop surrounded by a superconducting mag- 
netic shield which in turn enables him to detect magnetic 
- charges. If a magnetic charge passes through the loop it induces 
a persistent current whose amplitude is proportional to the 
“magnetic charge. Unfortunately, sources of noise and systematic 
-error might also induce such flux jumps and only time will tell 
-whether this event is a real monopole. Cabrera’s event has the 
. Dirac charge value and corresponds to a ‘flux’ (one event in 
- 150 days) of about 10° cm sr7's”'. In his review of the 
`- ‘monopole problem’ at the workshop Preskill described several 
< new types of experiment planned by Cabrera and others which 
_ will both increase the effective capture area of the detector and 
-use independent cross-checks to eliminate many possible sour- 
sof systematic error. Within a year his ‘observed flux’ should 
firmed or disproved. Unfortunately, Cabrera’s experi- 
(as well as all the other monopole searches planned or in 
operation) can give no indication of the monopole mass. To 
- measure that, its path through a very strong magnetic field 
_ would have to be tracked very accurately as superheavy 
- monopoles are not easily deflected from straight lines. 
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As mentioned above, if this m en eal 
magnetic monopole, its implications for cosmology and partii 
physics are extremely significant. Astrophysically, Cabrera’s 
flux contradicts everything we know about the magnetic field 
of the Galaxy. Monopoles should move along magnetic field. 
lines in the Galaxy, thereby gaining kinetic energy at the 


expense of the magnetic field energy. A monopole flux in the 





Galaxy exceeding ~107"* cm™ sr~' s™’ (the so-called Parker®* 
limit) would rapidly dissipate the entire galactic field on a time 
scale shorter than that on which it can be regenerated. Ou 
observation of an interstellar field of a few microgauss mean 
that Cabrera’s flux cannot be indicative of the average galacti 
flux of monopoles. However, we clearly occupy a special posi 
tion in the Galaxy””—very close to a star, the Sun. Wilczek anc 
Preskill discussed the possibility that the average galactic flux. 
is close to, or less than ~10~'° cm~? sr~’ s"' but the Sun captures. 
a cloud of monopoles by gravitational attraction leading to a. 
flux in the solar neighbourhood that exceeds the average value 
in the Galaxy by a factor that can be as large as the required 
value ~10°. | - 
The GUT monopole is a remarkably interesting object. It 
has a size close to that of other elementary particles but an 
enormous mass (by microscopic standards), close to that of a- 
bacterium. This means monopoles are not easily stopped and 
they pass through the Earth without significant energy loss. The 
monopole interior and outlying periphery has an onion-skin — 
structure. Very close to its centre the vacuum is the GUT 
symmetric vacuum, a little farther out it is the SU(2) xu) 
symmetric vacuum. A single monopole thus provides a potential _ 
laboratory for studying grand unification and SSB. EER 
The rich internal structure of a monopole also means that 
physics close by is likely to be extremely interesting. Callan”, 
Rubakov™ and Wilczek’? have all pointed out that monopoles 
should catalyse proton decay, for example, via M+p>. 
M +e* +X where X = other particle debris. Callan and Rubakov 
argued that the cross-section for these exchanges should be 
large, comparable to a typical hadronic cross-section (=m) 
At the workshop Ellis discussed an interesting terrestrial 
consequence of this: terrestrial protons exposed to a Cabrera 
monopole flux should, on the average, decay with a lifetime of — 
~10™ yr. The present experimental evidence on proton places 
a limit on the proton lifetime, =3 x 10°° yr, which rules this © 
out. Preskill and Wilczek also pointed out that if the Callan- 
Rubakov estimate is correct then neutron stars would present 
an even more serious problem****. Neutron stars are very © 
effective at capturing monopoles because of their high densities. I 
and gravitational field strengths. Once captured by the neutron 
star, the monopoles would begin catalysing neutron decay and, 
unless the monopole flux were less than 107° of Parker’s bound. 
(and 10°° times smaller than Cabrera’s flux) neutron stars would | 
emit far more X-ray and UV radiation than is observed. This 
leads to an unfortunate conclusion: if the cross-section for this 
interesting process is large, then the flux of monoples must be 
undetectably small. as 
However, Preskill and Wilczek sharply disagree with the 
Callan-Rubakov estimates of the cross-section for monopole 
catalysis of proton decay. They presented convincing arguments 
that the cross-section should be a weak interaction cross- 
section, or something even smaller, and this means it is at least 
10*° smaller than the estimates of Callan and Rubakov. Th 


problem of computing this catalysis cross-section is a formidable 
mathematical task and its value must still be regarded as 
uncertain. E 
Monopoles are not the only esoteric structures that can 
emerge from the peculiar vacuum physics of GUTs. At the 
workshop Shafi and Vilenkin discussed the possibility that 
strings or walls of vacuum energy could be produced at phase 
transitions where SSB occurs and these structures could persist. 
until the present". (Strings, walls and monopoles 
topological structures associated with the direction in gro 
space that the Higgs field responsible for SSB has in d 
regions of our physical space.) Unlike in the case of mono 









































































“the presence of one. stretching across the observable Universe 
= would create an anisotropy in the temperature distribution of 
é microwave background radiation much larger than is obser- 
ved. Vilenkin argued that, by way of contrast, vacuum strings 
: could have a very significant astrophysical role. A network of 
-string-like structures might provide a natural explanation for 
the level of inhomogeneity necessary to create galaxies later 
on. Also, the oscillation of strings that close upon themselves 
` to form isolated loops could give rise to an observable flux of 
_ gravitational radiation. However, this conclusion seems to rest 
-ón an axiom of faith that the strings would dissipate their energy 
into gravitational waves rather than photons which would leave 
“no trace if they were produced early enough in the history of 
the Universe. Finally, to give some feel for what a string is like, 
a vacuum string arising from the era of GUT would have a 
thickness of the order of the Compton wavelength of the Higgs 
-scalars involved in the SSB (~10 7” cm) and a calculable mass 
<per unit length such that a piece of vacuum string stretching 
15 thousand million light years across the observable Universe 
¿would have a mass roughly equal to that of 10 million 
galaxies. 





- Supersymmetry 
One of the most important unsolved problems of modern par- 
- ticle physics is the gauge heirarchy problem—the difficulty of 
“constructing a theory that explains why SSB takes place on 
‘such widely separated energy scales, 10° GeV and 10° GeV. 
“One possible resolution which has been the focus of growing 
attention tt is super-symmetric grand unification (SUSY). 
Supersymmetry requires the existence of a bosonic partner of 
identical mass for every known fermion and vice versa. As no 
such supersymmetric partners of the known quarks and leptons 
< exist (they would have been seen), supersymmetry, like some 
of the gauge symmetries, must be a broken symmetry. Super- 
symmetry has its own intrinsic appeal for other reasons”®: it is 
-fbe only way to unify the description of particles with different 
‘spin statistics, and it is the only way to unify internal symmetries 
`- (that is, those associated with the gauge symmetries of particle 
_ physics) with the space-time symmetries of general relativity 
(and hence is a very good candidate for unifying gravity with 
the strong and electro-weak interactions). However, there 
_ appeat to be a number of substantial cosmological hurdles in 
-the path of supersymmetric GUTs. Ellis, Lazarides and 
Nanopoulos each discussed some of these difficulties and poss- 
-ible ways of overcoming them. In particular it seems to be 
- difficult to arrange things so that our asymmetric vacuum is the 
- lowest vacuum energy state, and even if this can be achieved, 
it is hard to guarantee that the Universe evolves into the 
asymmetric vacuum rather than the cul-de-sac of the symmetric 
tate where it remains stuck forever. Furthermore, it is difficult 
o construct a grand unified SUSY model which generates the 
observed matter—antimatter asymmetry and specific entropy of 
he Universe because it is harder to get baryon non-conserving 
iteractions out of equilibrium than in conventional GUTs. At 
resent it is premature to accept or reject such models and 
SY remains an attractive idea for resolving the heirarchy 
roblem and a possible pathway to a theory of quantum gravity 
since gravity can be incorporated when the supersymmetry 
` js made a local rather than a global (as in SUSY GUTs) 
. symmetry. 
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General felativity isa gauge theory although not a quantum <a 


theory but it has long been realized that quantum corrections | 
to the classical equations of Einstein must arise at energies | 
exceeding about 10'° GeV, or, in the cosmological problem at 
times, t= 10°“? 5. These energies exceed even those required _ 
for grand unification and as yet there has appeared no way of > 
testing theories of quantum gravity by experiment. A full- 
blooded quantum theory of the gravitational field, including 
therefore the space-time geometry, is not yet on offer. A more | 
modest programme is being undertaken to determine how ` 
quantum fields behave in a classical gravitational field**“° and 
progress in this area was reviewed in Cambridge by Hartle and 
Hu. As yet there is no ‘standard’ model in this work. To illustrate = 
this, consider the problem of how quantum effects determine - 
the evolution of the Universe before 10 s. In some models ` 


the singularity of infinite density at zero time remains, whilst 


in other, equally likely variants, it is removed and the Universe 
bounces; the pre-bounce state also admits a variety of 
possibilities and it is still premature to try and draw definite 
conclusions as to the first instants of the big bang. 

Two topics of interest to quantum gravity pundits were pres- 
ented at the workshop: the first, by Starobinskii*’, who showed 
how an inflationary phase of de „Sitter expansion may have 
occurred at the Planck time, 10°**s, rather than later at the 
time of grand unification. Of particular interest is the possibility 
that such an event might leave an observable imprint on the 
gravitational wave background in the Universe which we could 
one day detect. The other contribution by Novikov described 
how, close to the Planck epoch, the propagation of sound waves 
in the Universe may be described by a wave equation that is 
not conformally invariant. These sound waves can be amplified 
by interacting with the curvature potential created by the 
expansion of the Universe and give rise to a characteristic 
spectrum of irregularities today***”. 

The fundamental cosmological puzzles—the expansion rate 
of the Universe, its isotropy, homogeneity, irregularity spec- 
trum and specific entropy—all involve the very special initial 
conditions we seem to require at 10°*’s. It may be that these 
puzzles will be explained by events anne at the Planck 
epoch rather than through inflation at the time: of grand 
unification, and that a resolution of our quandaries must await- 
the much sought synthesis of relativity and quantum. field. 
theories. What we have investigated so far is by no means the 
end but hopefully it is the beginning of a true story with a 
happy ending. 

The consensus among the participants was that they had 
attended a significant and productive scientific gathering in 
which real scientific progress was made during its extent. The 
organizers and sponsors were largely responsible for this; 
without their efforts it would not have been possible for all the 
protagonists in the early Universe debate to meet and exchange 
ideas. The simplest ‘new inflationary’ Universe appears to be 
defunct; however, perhaps reports of its death ‘have been 
greatly exaggerated’ and a newer version will emerge to fulfil 
the criteria for success that were drawn up at the workshop. 
Important experimental and theoretical issues regarding the 
existence and behaviour of magnetic monopoles have emerged. 
Supersymmetric grand unification has been subject to significant 
scrutiny and has been pushed near the brink of viability. Many 
of these exciting developments have emerged only during the 
last year and no one has any doubt that this trend is going to 
continue for some considerable time. _ 

We thank all the participants in the Nuffield Workshop for 
conversations and the Nuffield Foundation for support. 
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The restoration of symmetry at grand unification in a closed contracting Robertson—Walker universe could slow down 
and halt the contraction, causing the universe to bounce and avoid the singular state or the big crunch. During subsequent — 
expansion the symmetry is broken and the universe reverts back to its present (normal) state. A scenario is presented 
whereby the present entropy of the substance (resulting in ~10°° photons ) is created through a series of such bounces 

along with three possible initial states. The monopole, horizon and flatness difficulties faced in ordinary big bang models 
es are also solved by the model presented. 3 


a DESPITE astronomical discoveries during the past half century, 
the basic and simple nineteenth century questions, such as age 
and size of the Universe, remain essentially unanswered. The 
open and flat models of the Robertson~Walker metric are 
¿` unsatisfactory because of the need to extrapolate the local 
Observations to infinity. The closed and finite (and therefore 
more appealing) model suffers from the fact that it will event- 
ually collapse into a singular state. Although introduction of a 
-< positive and constant cosmological term will solve the collapse 
~ problem, there still remains (for all big bang models) the 
: difficulty of dealing with the singular initial state which took 
_ place in a finite past. There is always the hope that quantum 
_ gravity will solve this problem around the Planck era (energies 
o ~10"° GeV). In this article, recent developments in microphys- 
ies are used to propose a possible scenario for the bounce of a 
collapsing closed universe occurring at the grand unification 
o era (energies ~10'° GeV) before it reaches the Planck era. 





One of the intriguing results from the unification at high . 


“o @hergies of various forces of nature is that as the expanding 
. universe (or any system in thermal equilibrium) cools below 
“some. critical temperature the symmetry is spontaneously 
~ broken, the universe undergoes a first-order phase transition 
`- which induces a change in the vacuum energy density’. Without 
_ considering the details of the microphysics, most of which is 
_ still open to speculation, I take a phenomenological approach 
nd investigate the modification of the dynamics of a Robert- 
-Walker universe due to a transition from a higher (or false) 
wer {or true) vacuum state and vice versa. 








Q utline of the problem 
vell known?" 
corresponds to a non-zero value of the cosmological constant 

Y "GE,/c*, whose effects on the dynamics of the universe | 
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that a non-zero vacuum energy density E, _ 
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can be taken into account by redefinition of energy density and . 
pressure as E = —,.+E,, P= P,+ P,=P,-—E,, where E, and P, 
are the energy density and pressure of substance (matter and 
radiation*”), As proposed by Einstein, the cosmological term, i 
or E,, cannot be diverged. Variation in this term can be gener- 
ated by a scalar field®. The possibility of a phase transition : 
allows variation in the value of A or E,. Then the conservation: 
equations must be generalized to allow for the conversion of 
vacuum energy density into energy density of substance and — 
vice versa’: a(dE,+dE,)=~—3(E,+P da. Here a is the 
expansion parameter. We are interested in the early phase of 
the universe where E, is dominated by radiation and relativistic | 
pairs in thermal equilibrium. Then P, = E,/3 and E, =(1+ QE, 
where g (which can vary across a phase transition) is the 
contribution of fermion and boson pairs, and E, x T* is the: 
energy density of radiation at temperature T, f 

In what follows, modified Planck units 87G/3 = h=c= 
are used. Normally $*°E, is a constant and in therma 
equilibrium, S= (1+g)"*0. 15N, (N, is the total number: 
photons in the closed universe of volume 277a*), whic 
proportional to the total number of free particles in the univers 
is also a constant or varies due to the changes in g. During 4 
phase transition, however, because of presence of the dE, term 
in the above conservation equation, this is no longer true anc 
the differential equations governing the expansion paramete! 
can be written as (overdot stands for derivative with resped tc 
time ¢) 








(da) = E a* ~a? + $4? 
3. gp 4 4/3 è 
= Ea’ -sS 


from which (or from the conservation equations directly 
obtain a modified form for the conservation laws. 


dS*?/dt = ~a E, 
















































































Expansion parameter 


- Conventional models 

: Let us first review briefly the relevant aspects of the usual closed 
< models? with E, = 0. Figure 1 shows curves of E, against a for 
-@=0 (thin dashed lines) and á = 0 (thin solid lines) at various 
values of S. The schematic variation of the expansion parameter 
a with time is shown in the inset of Fig. 1 for x =48*°E,>1 
“(models c,c’), 0<x <1 (models b, b') and x <1 (models d, d’ 
and the Einstein static model). Of particular interest are the 
< models with 0 < x <1 where the universe has either a maximum 
<s ora minimum size: 


ax = (2B) IAO =a] 
amia = (2E) [1 +(1-x)'7] 


For a constant E, (therefore a constant S) the expansion or 
contraction of the universe follows a horizontal path until it 
reaches an á =0 curve (for the appropriate value of $) after 
hich it reverses its motion contracting to a singularity or 
xpanding to infinity (see models b and b’ in the inset to Fig. 
1). For large values of E(x >1) å never becomes zero and 
expansion continues forever. 


(2) 


Models with variable cosmological terms 
If E,#0, then the evolution of the universe will not be con- 
«strained along a horizontal line and at different stages will be 
limited by the d=0 curves of different values of $. It is 
therefore clear that arbitrary variation of E, (and the corres- 
ponding variation in S) could result in a complicated evolution 
f the universe. Here we examine the simple variation of E, 
‘om a small value to a large value comparable with the energy 
sity of substance at the time of the variation. 
et us assume that the universe is closed, $ =S., and that 
vacuum energy density E, =E, < (4S) 3¢~ 10779 for our 
nt universe”’’), The universe then will evolve as in model 
set to Fig. 1), expanding to a maximum size, max after 
ich it begins to collapse, as shown by the heavy line directed 
e left in Fig, 1. (Our present universe is matter dominated; 
erefore, it will reach a maximum value if E, <M 7 ~ 10°12? 
where M-=27’a'p is the total mass of the non-relativistic 
particles i in the universe. However, when it collapses to a size 
smaller than its present size by a factor of —10°, it will become 
a radiation dominated universe and revert back to our idealized 
wedel. Note that the present observational limits on Eo do not 
rule out ever-expanding models such as model c’.) As the uni- 
verse: collapses, it will ioliow an E, = constant track of a caaranon 











Fig. 1. Schematic variation of. 
vacuum energy. density with the 
expansion parameter for a radi- —~ 
ior ed universe. Above ` 
the thin dashed. line marked d =0 
expansion «is. accelerated. Thin 
solid lines represent a? =0. For 
higher values of S$ these curves 
shift to the right and decrease in 
amplitude. For each S the region — 
below this line (4? <0) is forbid- ` 
den. The heavy solid and dashed 
lines show various paths. of evol- E 
ution with phase transitions atag 
during the contraction and at azo ~ 
during the expansion. The letters = © 
b, b', c, c refer to the type of o- 
models described in the inset, — 
where x =1 corresponds to the 
Einstein static model. 




















dominated universe and the temperature will rise as — 
T =1.11/(1 +g) “S/a 3 


until it reaches the critical temperature T, of the phase transition 
above which the vacuum energy density will increase by Eo ~ ~TS 
(~10°7° for grand unification phase transition = GUT). After 
the phase transition is completed the vacuum energy density is 


E, = E,=E,+ Eo and, according to equation (14), the number 
of photons and pairs changes to S, given by 
Er 
sisi =- | a dE,~-aiEo 4) 
Ey 


The last equality will be valid if the transition occurs at a; 
instantaneously, or on a time scale short compared with the 
Hubble time at that epoch which is about Ey‘? (~10°"° for — 
GUT). Otherwise, aj can be taken to be an average value of 
a* during the transition period. The fate of the universe after 
the transition depends on the value of S, and E,. Note that right 
after the transition the universe is still contracting 


á =—-(Ea*-14+843/a2)?,  ä=aE S/a’ >00 (8). 


Initially the first terms in these equations are dominant and the 
contraction will be exponential; a cexp(—E,t). However, as a 
decreases the other terms (due to curvature and substance) in - 
these expressions become more important, Whether the uni- 
verse will bounce or continue to contract will depend on which © 
of these two terms in the expression for á becomes important — 
first. If S, is large, so that x,=49//E,> 1, then the radiation 
term ($? 3 a*) will become important before the curvature term 
(1/a’) and the universe will contract to a singularity as shown 
by the heavy dashed line (c) in Fig. 1. On the other hand, if S, 
is small so that x,<1, then the curvature term becomes 
dominant first, and the universe will reach the minimum value _ 
of the expansion parameter given in equation (2) and then will | 
expand with acceleration as in model b' of the inset and as 
shown by the heavy solid line directed to the right in Fig. 1. . 
During this adiabatic contraction and expansion phase $S, 
remains constant and the energy density of the substance 
increases but never exceeds E,. The evolution during the 
expansion phase may follow an inflationary : scenario similar to 
Guth’s and others'°"'? where the symmetry breaking is delayed, 
the universe supercools, but finally it undergoes the phase. 
transition releasing the vacuum energy density which heats the | 
universe back up to a temperature of the order of Tp. However, » 
in the model. penn here he expan sion n does not eee with 















he phase transition is completed the universe evolves as 
tion-dominated universe (E, = E, « E,, see model 6 in 
1) and if 4£,S3"° <1 it reaches a maximum expansion with 
=S". This cycle is then repeated if 4£,S2? <1 and 
i’? <1. These results are summarized in Fig. 2 where we 
plot schematic variations of a, E,, S*” and the three terms in 
the expression for (4/a)* versus time for a bounce. 
Note that there may be more than one spontaneous symmetry 
<- breaking and corresponding numbers of phase transitions, so 
“that $, and S, are not necessarily the final numbers of photons 
in the universe. Furthermore, the bounce would occur only for 
grand unification (or for a higher temperature) phase transition 
when the net baryon to photon number ratio Nz/N,« 1. Other- 
wise, between z, and f the universe never becomes curvature 
dominated and the net baryon term, N/a? (which, of course, 
cannot be eliminated during any phase transitions occurring at 
_ temperatures less than the grand unification temperature), 
__ Temains more important than the curvature term, 1/a2. If Na 
-ig not zero, then it can be shown that a bounce becomes possible 
cif both $,< Eo°*(~10"° for GUT) and Ng < Ez? /ma(~10° 
for GUT). Here mg~10~"” is the rest mass of the baryons. 
Similarly, our scenario requires that near the bounce the cur- 
vature term must also dominate terms due to anisotropies? or 
other sources. 
-= Finally, if the process of symmetry restoration and breaking 
4s not reversible, the two transitions may occur at different 
_ values of the expansion parameter. In particular, if a, > a,, then 
_ §, > S$, and entropy is generated during a bounce. This suggests 
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Time 


g-2 Schematic variation with time of the expansion parameter 
}, vacuum energy density (E,), photon number (S), substance 

gy density (E,), and the curvature term (a `°), during a bounce. 

tı and t} models b and b' (shown in Fig. 1) with two different 





of S and with amin < Gmax are joined smoothly. The minimum 
eof E, at t, depends on the rate of the transition. The slower 
rate the smaller the depth of the minimum. The minimum 

ar t2 depends on the degree of supercooling. Note that at 
: amas E,~a~° and at amin E a’. 





exceeds this value, the transition will probably occur very . 


equation state (P, = —E,), can be the source for creation of an _ 





iri 
S$? +Eo(a3,;—ai,), and the å?=0 curve in Fig. 1 moves 
the right and decreases in amplitude. If the residual vacuum : 
energy density E,;.; is not zero, eventually as S increases, one 
may reach the condition S; >(4E,,)~°/* which will give rise t 
an ever-expanding Lemaitre type model as shown by model 


and by the heavy dashed line directed to the right in Fig. 1 






















However, note that as the symmetry is restored before eacl 
bounce, there must be a fine tuning of the exact epoch of the 
transition a, so that S, the equivalent number of photons and 
pairs during the transition period, is not too large; SP 
1/(4E ). Otherwise, as discussed above, a bounce will not occur. 


Discussion so 
Whether the above scenario will work in our Universe depends 
on the validity of the many assumptions involved. I now com- 
ment on these assumptions. _ Sane 
(1) The existence of the bounce requires an extremely small 
value for the total substance energy of the universe (more 
exactly the quantity S;’* = E,a*) during the transition phase. 
We need S, < Eg?“ (~10" for GUT) as compared with $; ~ 10°° 
for our Universe. This requires that, at the transition, E, is very 
nearly equal to Ey and that the transition occurs quickly 50 that 
the PdV work done by gravity during the transition is negligible, 
Such an extreme draining of energy from the substance clearly _ 
indicates that the two phases are not in thermal equilibrium or 
pressure balance. If equilibrium were maintained (say through 
a slow transition), then the substance energy would remain _ 
dominant (A. Guth, personal communication) and the entropy’ 
would be conserved, which, as shown by Sher", precludes any 

possibility of bounce. eee 
(2) We have also assumed that the total energy density and 

pressure of the universe can be separated into two constituent 
parts, one for the radiation with P, = 1/3E, and one for vacuum 
with P, = —E,. This clearly is true during times sufficiently far 
removed from the transition. Such a separation is also possible ay 
during the transition since, in general, given the total energy — 
density E and pressure P with an arbitrary equation of state, we 

can always define F,=3P,=3(E +P)/4 and E,=-—P,= 

(E = 3P)/4, so that E=E,+E, and P = P,+ P,. However, the 

important requirement of the bounce is that during the transi- 
tion E, must increase monotonically from its initial value E- 
to the final value E, + Eo. If this variation is not monotonic, _ 
that is, if during some part of the transition E,<0, then; 
according to equation (4), S, will not be as small as required- 
and it may even exceed S,. Whether É, remains positive 
throughout the transition depends on the details of the micro- | 
physics which determine the equation of state P = P(E). We : 
have shown that for the most commonly used (see, for example ` 
refs 1, 15) effective potential (or free energy) forms the vacuum 
part of the equation of state does, in fact, increase slowly and 
monotonically up to the temperature where the non-zero 
minimum of the potential disappears. As the temperature 




























































quickly. This will raise the vacuum energy density to its final — 
value and, as demanded by energy conservation, will drain the 
substance of its energy. | a 

Such a transition will destroy the thermal equilibrium of the 
substance and the normal relationship between entropy and: 
energy density will no longer be valid. Thus, a decrease in the 
energy density E, does not necessarily mean a decrease in. 
entropy. The details of the variation of E, and E, and entropy _ 
will be discussed elsewhere. a A 
(3) The most attractive feature of this scenario is that it allows | 
for creation of substance through repeated bounces. This energy -> 
comes from the vacuum which, because of the nature of its 
unlimited amount of energy as the universe expands: dE =" — 
P,dV >0. However, our scenario cannot be extended to very. — 
small values of a number of particles. It will work as long as $- 
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in the symmetry broken (that is, normal) phase exceeds 
 (4Eo)2/* (~10" for GUT). If S is less than this value, then 
- Amax~ S7 becomes less than amin ~ Eo 1/2 indicating the break- 
down of our analysis. 
{4) There are various possible ways out of this dilemma with 
_ regard to the initial conditions. The universe may have started 
as a closed, vacuum-dominated deSitter universe, contracting 
from infinity to @min= Eo” and then expanding with a= 
-4+(E,a?—1)'/?, as shown by the dotted lines in Fig. 3. If at 
d =a, the vacuum breaks down’, then substance energy, with 
S% = Eat > E,' will be created. The expansion will continue 
at a new rate, a= +(E,a4/a?~—1)'”, reaching a maximum 
| expansion Qmax = a6/Qmia. After this our previous scenario 
~ applies, the universe contracts, undergoes the usual symmetry 
_ restoring transition, rebounds at a new amin > E;'"", breaks the 
"symmetry at a, and emerges with a higher value of S and so 
-on. Another possibility is that the universe starts with E, = Eo 
_and with some finite initial So. If Sa < (4B,) >", then the uni- 
verse starts as described above with amin < (Eo) "7 [or as an 
-Einstein static universe with amin = (QE)? if Se= (4B), 
solid line beginning in Fig. 3]. The result here will not be much 
different from that of the deSitter beginning described 
above. However, if So> (4E,)°"* then the universe must begin 
from a Planck stage and undergo the first phase transition 
„after it has cooled down below T, (dashed line marked c in 
Fig. 3). 
~ Therefore, if the vacuum does not spontaneously break down 
“to create So>Eo** pairs at once, then we must postulate a 
“universe starting not only with E,= Eo but also containing 
-So > (4E) ° photons and pairs. We can relax this assumption 
„if there exist other phase transitions at higher temperatures, 
with higher values of Eù and, therefore, requiring lower values 
of So. In particular, phase transition near the Planck era (Ey = 1 
id So=1) will allow the universe to start with very little 
stance and create most of it through successive bounces. 
‘inaily let us consider the so-called monopole, horizon and 
ness difficulties’*’’. If the supercooling is extreme, the 
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Fig. 3 Schematic variation of 
vacuum energy density (E,), 
photon number (S) and expansion 
parameter (a) with time for 


4 repeated bounces. The oscillations 

j stop if during the normal phase 

/ 492°, <1); solid line for xo = 1 

x «é also Fig. 1.) Three possible initial 
ie conditions are shown, Dotted line 


is for initial Sọ=0 (or xo= 
456 Eo <1); solid line for x9 = 
has a static Einstein beginning; and 
the dashed line marked ¢ (see also 
Fig. 1), with xọ> 1, starts from a 
Planck era and undergoes a — 
Lemaitre phase before the first 
phase transition. 








expected density of monopole would be acceptable as in 
Guth’s"® inflationary scenario. Furthermore, according to our : 
scenario during the inflationary phase (fo <t) there are only 
S,(~10*° for GUT) photons and particles in the whole universe. 
Thus some of the restrictions imposed on the conventional 
models by the monopole problem will be alleviated. For 
example, if one bubble is nucleated per particle, then the total 
number of monopoles in the present universe would be <10"° 
and therefore insignificant. 

It can also be shown that during the transition phase of each 
bounce (7, <f <h) signals moving with speed of light can cir- 
cumnavigate the whole universe eliminating the horizon prob- 
lem. The flatness problem is no longer a difficulty because 
during both reversals of each cycle the curvature term is impor- 
tant. During the in-between intervals (£ <f, or > tə} the time. 
duration for near flatness becomes longer and longer as the 
entropy increases through repeated bounces. eS ae 
(6) A bounce will occur if the symmetry restoration process 
induces an increase in the vacuum energy density and a corres- 
ponding decrease in the energy of substance. These changes 
do not have to be equal to those expected from the reverse 
transition. However, if the two processes are not nearly sym- 
metric, the occurrence of repeated bounces could not take place 
as simply as described here and the fine tuning process needed 
for continuation of the bounces would break down. This would 
cause the universe to expand indefinitely (or collapse and reach 
temperatures above the critical temperature To of the phase 
transition) prematurely; that is before it has built up 10°% 
photons (and 10%°° baryons). Such a model will not resemble 
our Universe and can be disregarded by appeal to the anthropic 
principle". = 
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ajor and trace elements of several N ETAREN fade Lherz—Freychinéde (French Pyrénées), Beni-Bouche 
<- (Morocco), Lanzo (Italian Alps)—have been investigated. Quantitative model analysis of the element distribut 
shows that these bodies have undergone a rather complex series of events including successive partial meltings anc 
-Subsequent differentiation of the melts produced. These events are related to the geodynamic evolution of these bodies. 
oy within the upper mantle, and thus illustrate the multi-stage history of mantle material. 

























THE orogenic lherzolite type massifs’, also called high- massifs are fresh representative samples of the upper mantle 
. temperature peridotites’ are thought to represent pieces of and their analysis should provide important information on th 
upper mantle material which were mechanically emplaced into. composition, the structure and the evolution of the Earth’ 
the continental crust through large tectonic movements*”. upper mantle. 
ES -These massifs typically outcrop along major fault systems within 
-chains where interactions between oceanic and crustal materials : e 
have occurred (for example, the Insubric line for the Alps Petrological and geochemical 


massifs such as Lanzo and Baldissero and the North Pyrenean Structure of the massifs 


fault for the Pyrenean massifs such as Lherz and Freychinéde). Many petrological and geochemical studies have already been 
| These massifs are therefore unique and highly interesting performed on these massifs and, in particular, on Mt Albert 
~ because they occur as large bodies relative to the size of (Canada)’, Lizard (England)®, Beni-Bouchera (Morocco)*:7°, 

xenoliths embedded in highly reactive magmas, and are there- Ronda (Spain)! 1 Lherz (France)'”, Lanzo (Italian Alps)? J4 
- fore exposed to possible contamination by their surroundings. and various Alps** ‘massifs. Geochemical analyses were carried | 
| Oxygen isotope studies show that the orogenic lherzolite type out at the Lizard (England)'*'’, Lherz and various Alp 
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p. 1 Chondritic normalized rep- 
entation of the REE + Ba content of 
me: pyroxenite layers from the 
orogenic lherzolite bodies studied. 
Some ‘common’ lherzolites from these 
have been plotted for reference. 
assive iherzolites; $, olivine web- 
< ©, -enstatites: ©, complex C 
ayer a -A, garnet websterites: Cch 
-= V, garnet free websterites; C, | 
garnet clinopyroxenites. - 
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dies: Lhe rz and. Freychinéde, French Pyrénées ie 
pi trograph c descriptions); Beni-Bouchera, Morocco 
see refs 9,10 for petrographic descriptions); Lanzo, Italian 
ps (see refs 13, 14 for petrographic and structural descrip- 
nd): In other ‘massifs from the Alps—Locana, Rivara, Bal- 
lissero and Alpe Arami'°—only the lherzolites were looked 
We report here our results from the trace-element view- 
“and also. present our main data. Detailed studies will be 
blished elsewhere. 








` -Beni-Bouchers 
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Tabie 1 Rare-earth element data from various peridotite bodies 








formed by mafic: layers of various size: apparently more or less E 
parallel to one another. These lay chemically basaltic 
but mineralogically variable, their modal composition extending — 
from that of olivine websterite to that of garnet clinopyroxenite T 
(pyroxenite layers), In some of the massifs late amphibole- 
bearing-type or gabbroic-type dykes cut across the mafic layers. 
Our data, presented in Tables 1 and 2 with details on the — 
experimental procedure, include major element, rare-earth ele- - 
ments (REE) and transition element contents. Tt a data - 
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sas ted t 
ind in: the iherzolite- pense ‘bodies—in 
ý icular, ‘the pyroxenite Jayers— 
g the various episodes of their his- 
ie REE patterns are represented 
sical chondrite normalized 
tep. 1: the pyroxenite layers 
ated. through partial melting of a 
itie upper mantle (CO), either 
pleted (as in this figure) or dep- 
. This partial melting yields (one 
ge) residual peridotites (R) and melts 
M) which can differentiate (two stages) 
hrough fractional crystallization into 
ifferent cumulate types: websterites 
~~. {types W, or W,) or garnet pyroxenites 1 
cos (GC) and residual melts (RM). Step 2: 
eae: more recent partial melting event 
affects these pyroxenite layers. The 
ooo. effect of this last event may be rather 
coit small, affecting the pyroxenite layers 

-. only selectively—(thus we explain the 
_. Lherz~Freychinéde and Beni-Bouchera 
features) or stronger and, then, affecting 
also the peridotites. In the latter case, 
a general reequilibration of the 
yroxenite layers with the peridotites 
wall. occur (the Lanzo features are thus 
a explained). 






EVENT 1 





One stage 

































are shown in Fig. 1 according to the classical chondritic normal- 
ized diagram. 
For data analysis we will consider in turn the common Iher- 
` zolites, the pyroxenite layers and the late dykes. We have used 
quantitative models based on the concept of partition coefficient 
-» andon the formulation of partial melting and fractional crystal- 
- lization processes for trace elements. For each case experi- 
_ mental data are compared with the results of computed models. 





_ Lherzolites 

Although apparently homogeneous, those peridotites that con- 

stitute the major part of the bodies exhibit significant variations 

_ in composition which can even exist in a single massif within 
‘several hundreds of metres of each other. 

© Major elements—some correlations are observed between 

< CaO, .AlLO;, Na,O and TiO, as well as between MgO, NiO, 
+ Cr30;, contents and the MgO/FeO ratio” !*'8. 

Trace elements—the distribution observed can be summar- 

-ized as follows?” : as far as we know, the elements character- 

ed by high partition coefficients (highly compatible elements 

-Co and to a lesser extent Cr)) have a remarkably 












fficients such as Yb and Ti have content variations which 
lo correlate with the CaO variations. Large variations are 
observed for the incompatible trace elements. In particular, the 
~ REE patterns of the lherzolites show remarkably similar charac- 
< teristics. They are all light REE depeleted, the light REE 
+ contents varying within a rather wide range and the heavy REE 
¿“contents in a rather narrow one’**°. Early results confirmed 
< the preliminary study by Haskin et al. 30 and Frey'*'” and were 
~ later supported by further data’™™. , 
=, In agreement with Frey’®, we interpreted’? these characteris- 
“< ties as those of a residual material which originated through 
< partial melting of a rather homogeneous primitive peridotitic 
‘mantle. This primitive upper mantle may have been character- 
zed by a REE chondrite normalized pattern parallel to the 
ndritic line of reference but with about double the chondritic 
> The most important conclusions reached from the 
ative models developed'*’*°?’* are that the residual 
tites resulting from partial melting.of an originally 
neous lherzolitic upper mantle display a wide range of 
tions in light REE contents and a relatively small range 
ations for the heavy REE—a feature effectively observed 
1e ogani therzolites. , 
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r 1Ogeneous content. Elements with intermediate partition 


_ dotite complement, that is the part which was extracted duri 


representation. For the various lherzolite type bodies 
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Two stages 




















































The degree of partial melting which gave rise to these residual 
peridotites can be estimated from REE analysis to vary between... 
1 and 5% (ref. 18). The state of equilibrium of these peridotites > 
during their partial melting is unclear due to uncertainty over _ 
the REE partition coefficients for clinopyroxene. This residual 
character also explains the small variation of Ni, Co, Cr and 
the covariation of CaO, Al,O;, Na,O, TiO,. Nd and Sr isotopic 
data corroborate the residual nature of this peridotitic uppe 
mantle material?***. Their Nd isotopic composition move 
along the same Nd-Sr anticorrelation line as the one charac- 
teristic of the oceanic basalts, especially i in the zone correspond- 
ing to high Nd isotopic values™. At the same time Nd isotopic _ 
data exclude alteration as a possible process for light REE > 
depletion of these peridotites—as proposed elsewhere”? =e 

Thus, major elements, trace elements and isotope data agree | 
with the idea that orogenic lherzolites are residues after extrac- 
tion of a small amount of basaltic melt. This interpretation is 
supported by most authors who have studied these: 
massifs****?’°?, and agrees with the general idea, based on` 
oceanic basalt trace elements? and isotope analysis™ >, that. 
the ‘oceanic’ upper mantle should be residual (extraction of- 
small basaltic amount). At the same time this agreement sug 
gests that the orogenic lherzolite massifs could effectively rep- 
resent oceanic upper mantle material. 


Pyroxenite layers 


The chemical composition of these layers as a whole is basaltic 
Thus, one could think of these layers as representing the peri 





the partial melting of these rocks. However, the detaile 
mineralogical and chemical analysis of these layers implies tt 
the process cannot be so simple. In particular it looks as thoug 
some differentiation processes should have occurred, as indi- 
cated by the symmetrical structure displayed by some comple: 
pyroxenite layers formed by the superposition of several sub 
layers’ '*. The models proposed for the origin of these layer 
should thus take this complexity into account. 








REE contents of the pyroxenite layers 


The REE patterns of the large set of pyroxenite layers is 
illustrated in Fig. 1 through the classical chondrite normalize 


studied, the main characteristics of these patterns are: 
(ly In gencral the pyrožemte layers look more REE-enrich d 
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net clinopyroxenite layers (M5-367, M6-79 complex 
y display a large variety of REE patterns characterized 
ji nge of light REE fractionations relative to the 
EE, some being light-REE enriched (74-57 in Frey- 
M5-103 in Beni-Bouchera), others light-REE 
ed. 
ne light REE depleted pyroxenites are the most common 
tendency to be more light-REE depleted relative to the 
avy REE than are the common lherzolites. | 
No distinct Eu anomaly is observed in these patterns (with 
the exception of the websterite 73-7 8W from Lherz). 
: Quantitative models for estimating the REE contents that 
_ Should represent the products resulting from partial melting of 
= a Therzolitic upper mantle have been developed. The basic 
hypothesis is that the primitive upper mantle affected has a 
homogeneous and uniform composition. 
In the single stage model we try to compute the composition 
of the various types of melts that are generated through a single 
partial melting. More complex models are needed to describe 
the composition of the various cumulates which may crystallize 
— from these melts and the corresponding residual liquids after 
an evolution to these melts through fractional crystallization 
(two stage process). The most important conclusions of this 
_ quantitative modelling are: (1) the melts produced have a large 
diversity in their REE patterns, characterized by a wide range 
of fractionation of the light REE relative to the heavy REE. 
Taking into account the fractionated type partial melting pro- 
cess, these melts may indeed be light REE enriched or depleted 
relative to the heavy REE; (2) the cumulates which crystallize 
from these melts thus exhibit, as well as the melts, a wide range 
_. of REE patterns also characterized by a large variety of fraction- 
"ations of the light REE relative to the heavy REE. This diversity 
-inthe REE patterns will be accentuated in the cumulates, given 
___ the variety of mineralogical assemblages which may crystallize: 
_ for example, the crystallization of garnet in the cumulates will 
__ yield a strong enrichment of such cumulates in heavy REE. 
The large diversity of the REE patterns displayed by the 
<i pyroxenite layers conforms with what would be expected for 
products derived through partial melting of a peridotitic upper 
mantle, according to the models developed. However, we can- 
not decide from these REE data, whether most of the layers 
are cumulates or melts, because of the large range of contents 
these two types of products can display in such a model. To 
<: solve this problem, the use of elements with high partition 
coefficients appears adequate. Cumulates and melts should have 
ry different properties for this kind of element. 





































- Trace elements with high partition coefficients 
_ Large variations are found in the literature for the partition 
. coefficients of this kind of element so that the models obtained 
-may be rather imprecise. A correct estimate may, however, be 
~ realized in a special case, that is for the cumulates supposed to 
_ ‘correspond to the first per cent of crystallization of the primary 

“melts, The phases of these first cumulates should have the same 
> trace-element content as the phases of the common peridotites. 
- So, taking values for peridotite phases from the literature, we 
__ estimated the content of several types of cumulates presenting 
_ different modal compositions, all supposed to have crystallized 
during the first per cent of crystallization of primary melts. This 
es us some kind of upper limit for the content of the cumu- 


yroxenite layers seem to contain a rather large amount 
elements (Ni, Co, Cr), compared with our estimates. 
onvinces us that most of the pyroxenite layers should be 
ates representatives. Possible exceptions to this rule. 
a some complex layers, the contents of which are close 
elt estimates”®. | 














ommon peridotites. In particular the heavy REE content _ 
ome pyroxenite layers appears very high, for example, that — 


chinéde (French Pyrénées). The geochemical analysis « 
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Fig. 3 Deduced model of evolution of the lherzolite type bodies. These 

peridotite bodies have been the object of successive melting events, each 

one producing melts possibly mobile and which differentiate through frac- 

tional crystallization. These ‘derived products yield the pyroxenite layers. ooo 

A later partial melting of this layered peridotite affects the various materialg. > 

with variable intensities. Other types of products and layers will be generated - 
through this new partial melting event. 


Evidence for remelting 


However, several observations Suggest that most of the- 
pyroxenite layers do not present primary structures and have. 
been modified through a further process. More precisely we | 
suspect that these pyroxenite layers have been affected after 
their formation by a further selective late partial melting 


The main points supporting this hypothesis are first, in several 
bodies the rocks which have the lowest content of highly incom- 
patible elements are the garnet clinopyroxenite layers. Such 
are the garnet clinopyroxenites 70-291 from Lherz, and M6-79 
from Beni-Bouchera which have the lowest light REE conten 
even lower than the common lherzolites from these bodie 
Such a low light REE content is surprising in thes 
clinopyroxene-rich rocks which represent the latest stage of 
differentiation of the melts yielding the pyroxenite layers, ©. 
Second, in some peridotite bodies a peculiar evolution. is 
observed”: a depletion in the content of the highly incompatible 
trace elements characterized by low partition coefficients whe 
going from the slightly differentiated to the highly differentiate 
layers (from the olivine websterites to the garne 
clinopyroxenites). a 
Third, some of the lherzolite type bodies that we studied 
effectively bear the mark of such a late partial melting eve 
in the form of late dykes cutting the websteritic layering 























particular the amphibole bearing dykes—as in Lherz and. 















dykes shows”™? that they may effectively represent product 







































































Sr isotope audies perlon on T same cae support 
‘ interpretation of a complex history of these layers’ and 
were the basis for the Rb-Sr systematics given by Polve and 
Allègre”. 

~The occurrence of such a late partial melting event has a 
“direct consequence. As the primary trace element distribution 
of the pyroxenite layers has changed, a precise interpretation 
-òf the characteristics of the melts at the origin of these layers 
_becomes difficult. 

> Inthe framework of our model for the origin of the pyroxenite 
ayers from melts resulting from partial melting of the peridotitic 
„mantle we would have liked to define precisely the nature of 
hese melts. In Fig. 2, we retrace in the chondrite normalized 
representation, the various steps which according to our inter- 
pretation explain the actual REE content of these layers. They 
yrrespond to the different partial melting events suffered by 
hese bodies. 


ate dykes 

Inthe Lherz massif late amphibole-bearing dykes do exist which 
cut across the pyroxenite layering’. The REE patterns of these 
“dykes are characteristic—all being enriched in light REE rela- 
tive to the heavy REE. From their trace-element distributions 
_ we interpret these dykes as representative of cumulates crystall- 
ized from melts highly enriched and fractionated in light REE 
-yelative to the heavy REE. We have already supported the idea 
that these melts may have been issued from the partial melting 
of the pyroxenite layers”. 

In the Lanzo body, the REE patterns displayed by the gab- 
_broic-type dykes is characteristic of plagioclase bearing cumu- 
lates. In this massif there are some indications that the last 
partial melting event at the origin of these dykes also affected 
-the peridotites’*"*. 





| Conclusions 


a The analysis of these orogenic lherzolites yields strong evidence 
that several magmatic events affected these bodies. One was 
7 at the origin of the formation of the pyroxenite layers. The last 
one affected the pyroxenite layers in a selective way in some 
massifs (Lherz and Freychinède-Beni-Bouchera) but also 
reached the peridotites in others (Lanzo). Other partial melting 
events may have previously affected these lherzolite bodies 
thereby giving their residual character to the peridotites. Each 
‘magmatic event is characterized by the formation of various 
melt types through partial melting, a possible mobility of the 
melts. produced and further fractional crystallization of the 


3 Thus, the final image which emerges is that the actual state 
of the orogenic lherzolite bodies can be understood through a 
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| history. aoa successive partial meltings and further — 
differentiation of the melts so generated, the partial melting — 


events giving rise each time to a diversity of products. The 
*"Rb-*’Sr isotope systematics has also been interpreted in the 
light of a complex process” . Dickey et al.**, through the study 
of the Ronda massif (Spain), also support a similar complex 
evolution for this body but without clear evidence for 
pyroxenite-layer remelting. Wilshire and Shervais’’ inferred 
that the upper mantle parts should have suffered a rather 
complex evolution through a petrological and structural analysis — 
of ultramafic xenoliths from the western United States. © = oo 

Such a complex history can be understood geodynamicall 
as resulting from an evolution of these bodies in an uppe 
mantle affected by convection processes and uprising move 
ments to the surface through tectonic events. The partial meltin 
events thus appear during the decompression stages?" 

Several characters displayed by these Alpine-type peridotite i 
bodies can be explained in the light of such an evolution. First, 
the relatively uniform lherzolites characteristics found 
throughout these bodies would result from an evolution of these 
upper mantle bodies in active convection processes, implying 
large mixing and chemical reequilibration—favoured by the 
presence of melts and fluids generated through the partial 
melting events. Second, the specific characteristics of the 
pyroxenite layers in each body may be explained by the relative 
intensity of the last partial melting event (the one which selec- 
tively affected these layers) (Fig. 3). In some bodies (Lherz, 
Freychinéde, Beni-Bouchera) this last event was of low 
intensity. It affected only the pyroxenite layers in a selective 
way. In others, such as Lanzo, this last event was more intense, 
also affecting the peridotites'*'*. In this body the pyroxenite 
layers look perfectly equilibrated relative to the lherzolites. 

This reequilibration should be a general phenomenon in the 
mantle—the temperatures being rather high, recrystallization 
occurring rather easily, the presence of melts or fluids permitting 
an efficient equilibration’®. 

The apparent equilibrium of many websteritic layers with the 
surrounding peridotites in these bodies may result from such a 
further reequilibration process of ancient pyroxenite layers. In 
this case, these websteritic layers may be indicative of past 
partial melting events. = 

The oceanic mantle is composed of a mechanical mixture óf 
an old subducted, elongated, sheared oceanie crust with a 
residual peridotite. Through several cycles of convection, | 
including rising and melting at ridge crests, subduction with 
some rare melting events, origin of calcalkaline suites, and so 
on, we certainly have a quite complex petrological assemblage. 
Such a sequence of events, is in full agreement with petrological 
and isotopic data on orogenic lherzolite massifs’***. If this were 
verified, the pyroxenite would represent the old oceanic crust, 
sometimes recycled, or melted in subduction zones and the 
peridotites, the residual mantle. 
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iscussed. 


‘ PROMOTER function was originally defined by mutations which 
= -reduced the fully induced level of expression of the lactose 
< > operon of Escherichia coli’. Since then, various selective 
methods have been developed to identify different types of 
altered promoter sequence. These include the isolation of muta- 
* tions that increase gene expression and mutations which alter 
the regulation of specific genes’. Additional information about 
ne promoter function in prokaryotes has come from studies of the 
<: In vitro interactions of purified RNA polymerase with promoter 
< Sequences’. 

. AS most mutations that decrease gene expression, isolated 
in vivo, reside in coding sequences, genetic analysis of promoter 
function in eukaryotes has centred on systems where one can 
select for overproduction or altered regulation. An alternative 
approach to the study of promoter function is through the 

_reversion of existing promoter mutations. Two eukaryotic pro- 

-> moter mutations have been examined in detail by this method: 
_ the his4-912 and his4-917 mutations of yeast*. In both cases, 
-> the pattern of revertants obtained by selection for restoration 
of HIS4 function was influenced by the fact that the original 
mutations were due to the insertion of transposable elements. 
Recombinant DNA techniques have made it possible to 
duce a series of deletions or base changes that modify 
_ promoter sequences. These altered promoters can then be 
~ returned to an appropriate host in order to examine their 
function in vivo5-7 

| Here we have studied the reversion of a promoter deletion 
< of the yeast HIS3 gene. The deletion was first constructed in 

CE. coli and then introduced into yeast as a new chromosome: 
a plasmid containing a functional centromere, an ARS 

- sequence, and additional selectable markers (see Figs 1, 3). The 

- promoter mutant chosen, his3-A4, deletes to within a few 
> Nucleotides of the start point of HIS3 transcription (41 +1 
~ nucleotides from the start of translation) in wild-type strains 
~ and produces no detectable HIS3 mRNA’. The deleted sequen- 
: oces. are replaced with A DNA (see Fig. 3) rightward from the 
-att site to the BamHI site at 0.577. 

~~ Revertants of this his3 promoter deletion are extremely rare, 
less than 1 in 10° viable cells, but arise by a variety of mechan- 

_ isms. Yeast cells require only low levels of HIS3 transcription 
= for. growth; this provides for a wide range in the level of 
-expression that can be detected in revertants. In this report we 
<: describe several types of revertants. Potential sources for certain 
-classes of the revertants and mechanisms for the restoration of 
-` HIS3 function are discussed. 














_ Blocking recombination between 
< a plasmid-encoded gene 
_ and a chromosomal copy 


ious attempts to examine the reversion of Ais3 mutant 
introduced into yeast by DNA transformation have been 
ed by recombination with the his3 allele present at the 
ration on chromosome 15 (ref. 8). one solution to 
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this problem is to delete the homologous sequences at the 
normal HIS3 locus. This approach has been used in the isolation: 
of some of the revertants described below. In general, the 
removal of entire genes in yeast has been difficult. The intercis- 
tronic regions are frequently small and suspected silent regions — 
may encode essential functions for which rane are not 
readily detected. T 
Another solution to the recombination problem is to block 
all homologous recombination. However, in yeast, one’ does 
not have a single mutation, analogous to the recA mutants of 
E. coli, which effectively blocks most homologous recombina- 
tion. The yeast rad52 mutation’ will block gene conversion but — 
reciprocal recombination remains unaffected. This latter form 
of recombination was effectively blocked in the rad52 strains — 
used here by incorporation of a yeast centromere’®"' into the. 
plasmid. Cells containing the dicentric chromosomes which 
arise from reciprocal recombination of a centromere-containing 
plasmid into a normal yeast chromosome are not recovers} in 
these strains. 
The experiments which led to the above conclusion are sum 
marized in Table 1. In each experiment, the host strain con 
tained a his3 gene with a small internal deletion and the plasmid 
contained the his3-A4 promoter deletion. In. the situatio 
where the host strain was RADS2* and the plasmid cen’, both 
gene convertants and reciprocal recombinants were recovered. a 
The cen”, plasmids were unstable and in some cases where _ 
gene conversion events occurred, the other plasmid marker — 
(and presumably the entire plasmid) had been lost. Cells that te 
had integrated the plasmid by reciprocal recombination are at 
a selective advantage during the growth of the culture required | 
to measure the recombination frequency. One would normally. 
expect a rather higher ratio of gene conversion to reciprocal. 
recombination than was observed’*. When the rad52 mutation 
was incorporated into strains containing the cen™ plasmids, only. 
the reciprocal events were recovered (Table 1). In addition, a 
high background of apparent suppressors of his3- A4 was obser- 
ved when using cen” plasmids. This may be related to the poor 
control of copy number of the his3 gene with these plasmids. 








Table 1 Reversion to. His* of strains carrying the his3 promote 
deletion on a plasmid 5 










Reversion 






Strain Plasmid frequency Fraction Ura” 
RADS2* cen ~10~° ~40% = 
RAD52*  CEN* ~107 ~50% 
rad527 cen” ~10~° 100% 
radS2~ CEN* <10°° 100% 














The background of apparent suppressors, which generally show poor 
growth in selective conditions, has been excluded (see text). T 
RADS2* strain was strain YNN36 (a trpl-289 his3-A1 ura3-52). The : 
rad52 strain was YNN209 (a trpl-289 his3-A1 ura3-52 ade2 rad52 



















contains a slightly: smaller his3-A4 fragment. Reversion to! 
his3- Al strains containing no plasmid was <107''. 
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ae, ‘neat ized. iab of plasmid 

2961 with the positions of 
certain restrictionendonuclease 
cleavage sites is shown. The 
total length of the plasmid is 
11.1 kb. The ColE1 origin and 































































CEN IV 


_ BamHI; H, Hindill, G, Bel II, 
. and X, XhoI. Above the map 
` of the plasmid is a map of the 
prototype Ty1 element’*. The 
terminal repeats of Ty 1, the 5 
sequences, are indicated as 
‘filled triangles. One of the Ty/ 
elements which inserted into 


ments all inserted into the vec- 
= ctor im the orientation shown. 


a right to left as drawn. The 


for the largest ones. 


: CEN” plasmids in the RAD52” strain will also convert his3 
_ mutations on chromosome 15 to His*. We did not determine 
whether plasmid integration by reciprocal recombination also 
occurred in this strain. Some of the His” recombinants no longer 
contained the plasmid as judged by the loss of the other plasmid 
markers, which may be due to the imperfect stability of the 
centromere plasmids. It has also been noted that gene conver- 
sion events near centromeres are frequently associated with 
chromosome loss’’. Finally, when the CEN* plasmids were 
introduced into radS2~ strains, the frequency of His* colonies 
fell dramatically. Among the His” revertants, no His” recom- 
binants were detected (see below). In previous work’’, the block 
gene conversion produced by rad52 was not as complete as 
, observed here. However, in the experiments described 
ere the regions of homology were quite small and one of the 
lleles contained an internal deletion. The frequency of viable 
binants in this situation is less than 1 in 10’° cells. 


tants ¢ of the his3- A4 promoter deletion 


the revertants obtained in our study were derived using the 
game plasmid vector, 2961 (Fig. 1). Two host strains were used: 
-a rad52 strain, YNN209, which contains the his3-A1 allele’ 
and strain YNN211, which contains a total deletion of the his3 
gene, Ais3-A200 (M. Fasullo, unpublished strain). In both 
x strains, the frequency of spontaneous His” revertants was <1 
in 10° viable cells. 

‘Spontaneous His* revertants of yeast strains YNN209 and 
¥YNN211 containing plasmid 2961 fall into three broad classes: 
sertions of the transposable element Ty/, rearrangements of 
the plasmid DNA, and apparent chromosomal mutations, The 
e i were first characterized by | isolation of the en 













jot tr “form veat his3 mutants to His’. “These apparent 
hromosomal. mutants have not been characterized further. The 
plasmid-encoded mutations are described below. 








Reversion by insertion of the transposable 
element Tyl | 

, OF 14 revertants isolated using the rad52/ centromere-plasmid 
-system described above, 6. were insertions of the transposable 


Transcription of Tyi is from 2996 
2997 


single open box represents the deletion contained in one of the revertants. The solid bars indicate the regions duplicated in the other 
revertatits. The sizes of the deletion and the tandem duplications are shown. The sizes are +50 bp for the smaller rearrangements and +100 bp 
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element Ty/, as determined by comparison with restriction site : 
maps of other cloned Ty/ elements’* and confirmed by hybridiz- 
ation of *’P-labelled Ty? sequences with the plasmid DNA 
recovered from the revertants (not shown). Restriction site 
mapping placed the insertion of the element near the 5’ end of 
the his3 coding sequences. The orientation of the element, as 
shown in Fig, 1, was the same relative to the gene as observed 
at the cytochrome c'* and alcohol dehydrogenase’ loci. The — 
Tyi elements inserted into at least four distinguishable sites. 
This was determined by digestion of heteroduplexes of revertant 
DNA and end-labelled parental DNA with S, nuclease 
and measurement of the distance from the labelled end to the 
novel joint in the revertant DNA (Fig. 2a). These results are. 
summarized in Fig. 3. n: 

All six plasmids containing Ty/ insertions transformed Ais3 . 
mutants to His*. The insertions which were closer to the start 
of the HIS3 coding sequences expressed HIS3 at arather higher 
level as judged by growth in the presence of 10 mM 3-amino-1,. 
2, 4-triazole, an inhibitor of the HIS3 gene product, imidazole 
glycerol phosphate dehydratase. Attempts to correlate the level 
of HIS3 expression with insertion site were complicated by the 
fact that the Ty/ elements that had inserted were not identical. 
Digestion with two restriction endonucleases, Sall and XhoI, 
revealed that the presence of at least three different TyZ ele- 
ments. Many polymorphisms of TyZ have been character-— 
d‘*” and it is possible that the six insertions were six different | 
Ty1 elements. These studies have demonstrated that Ty/ ele- 
ments can transpose to a non-promoter sequence (A DNA) near — 
a gene and activate that gene. Also, Ty/ transposition can occur 
in a rad 52 strain. i 

Of 21 revertants of his3- A4 obtained in a strain containing 
a total deletion of the chromosomal his3 gene (YNN211); none- 
were due to the insertion of Ty/ elements. Thus, the frequency 
of transposition relative to the efficiency of other mechanisms 
available for reversion of the promoter deletion seems to be 
different for different strains. The source of the difference 
between these two strains is unknown. 


Reversion by tandem duplication 

Plasmids recovered from 15 revertants contained tandem dupli- 
cations of a portion of the starting plasmid. Plasmids were 
screened for duplications by. cleavage of the plasmid DNA with 
BglII endonuclease, which cleaves once.in the HIS3 gene and | 
has no sites for ~6 kilobases (kb) downstream from this gene — 
















d below, all the duplic 
brea point near the 5 








ach new plasmid. 


ments that contained all the fragments of the vector with 
ional: fragment, which corresponds to the size of the 
d region. Several examples of this are shown in Fig. 





coy Big. 2 Mapping of rearrangement breakpoints near HIS3 with 

+0 Spnuclease. ““P-end-labelled DNA was prepared by treatment 

‘of HindIll-cleaved 2961 with calf intestine alkaline phosphatase 
“Hes followed by incubation with polynucleotide kinase and [y-°°P]- 

“ATP, In b, the fragment of interest was purified by gel elec- 

` trophoresis: in a it was cleaved also with BamHI endonuclease 

before separation. For each sample, the DNA was cleaved with 

Ball! endonuclease in 20 wl of 10 mM Tris-HCI pH 7.5, 10 mM 
magnesium chloride, 1 mM dithiothreitol. In a, purified plasmid 

DNA was used; in 6, DNA from rapid plasmid isolations was 

- used. 3 pl of 0. 1 M Na3EDTA, 1M NaOH and ~10* d.p.m. of 
‘probe fragment were added to each sample and incubated at room 

< temperature for 15 min. The DNA was renatured by adding 3 ul 

of 2 M Tris-HCI and incubating at 65 °C for 3~5 min. The samples 
were diluted with 300 ul of 50mM sodium acetate pH 4.4, 

280 mM NaCl, 2 mM ZnAc; and digested with 1,000 units of S, 
nuclease at 37°C for 30min. After ethanol-precipitation, the 

samples were electrophoresed on a 5% polyacrylamide Tris- 

orate~7 M urea denaturing gel (a) or on a 2% agarose Tris- 
cetate~EDTA native gel (6). After electrophoresis, the gels were 
d for eee and exposed at —70 °C with an intensify- 
n. The samples in a were: 1, no DNA; 2, 2970; 3, 2971; 
5, 2976. The fragments were measured as 340-400 bp 

t shown); the probe measures 575 bp. The samples 
997; 2, 2996; 3, 2992; 4, 2990; 5, 2989: 6, 2987; 
Bon 2985; 9, 2982; and 10, 2981. Standards, S, were BstNI 

eee Salacuie of SV40 DNA. 
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) end of HIS3 and one well | beyond y of ‘ 
he gene in the vector sequences. These breakpoints produced . _ 
ingle novel junction near the 5’ end of the HIS3 gene for _ 


é vage of the revertant DNA with Bg/II produced a pattern | 






other “eneyme. which cleaves once in the > duplicated a seg nt 
will produce all the vector fragments normally observed fc 
that enzyme and an additional fragment whose size is the same 
for all enzymes of this type. 
The end point of the duplicated segment near the 5° end of 
the HIS3 gene was localized by an S, nuclease mapping p 
cedure similar to that used for the Ty/ insertions (see Fig. 
the results are shown in Fig. 3. The rearrangement breakpoin 
were spread over a wide region beginning near the start 
wild-type HIS3 mRNA and extending back as far as 500 bas 
pairs (bp) from that point. 
Given the size of the duplication and one of its end poi 
the other end point was determined. The regions that wer 
duplicated in each revertant are shown in Fig. 1. There are t 
obvious hotspots for the duplication breakpoints, nor is there 
any obvious correlation between the duplications that break in 
a given region of the vector DNA and a particular distance 
from the 5‘ end of the HIS3 gene for the other breakpoint. It 
is interesting that no duplications were found which fuse the — 
his3 gene to URA3 sequences. The URA3 gene is constitu- 
tively expressed and transcribed in the appropriate direction. 
About half of the revertants were selected in conditions where 
the URA3 gene on the vector was also being selected. In these 
conditions, URA3 is transcribed at a higher level, ees 
Eight of the duplication-containing plasmids, including those S 
with the closest and the two most distant breakpoints relative 
to the HIS3 gene, were tested for the ability of the plasmid 
DNA to transform his3 mutant strains to His”. All transfor- 
mants tested were His". All except those generated using 
2988 DNA were resistant to 10 mM 2-amino-1, 2, 4-triazole 
and therefore must express HIS3 at near wild-type levels. The | 
duplications. were responsible for the HIS3 expression as 
removal of the duplication from two different plasmids by 
homologous recombination resulted in reversion of the His 
phenotype to His`. es 


































































Miscellaneous revertants 


One revertant was a simple deletion of the starting plasmid; — 
one breakpoint of the deletion was near the 5' end of the HIS3 = 
gene (Fig. 3). The size of the deletion was ~2.25 kb, which 
placed the other breakpoint in a region of yeast DNA normally. _ 
transcribed into poly(A)-containing RNA". The deletion- 
containing plasmid retained at least partial CEN4 function Be 
during mitotic growth. . 
Several revertants seemed to be duplications of most of the 
starting plasmid, excluding the CEN4 region (not shown). The 
size of these duplications resulted in the production of a large 
number of coincidentally sized restriction fragments and made 
their characterization less certain. : 
Two plasmids were found to contain multiple rearrangements : 
of the starting plasmid DNA. One was a triplication or two. 
similar duplications; the other appeared to contain two different 
duplications (not shown). 7 
Plasmids isolated from the revertants described in this section 
transformed his3 mutants to His* and presumably represent 
the event in those cells that restored HIS3 function. : 





Possible source of the plasmid 
rearrangements 











Mutations associated with tandem duplications have been found 
in many systems. Some arise through recombination ol 
repetitious DNA sequences and are generally sensitive to muta 
tions affecting the general recombination systems of the organ-- 
ism. The large duplications of portions of the Salmonella 
chromosome are thought to arise by this type of mechanism 
In contrast, the frequency of spontaneous ane of t ie 
phage A chromosome is insensitive to such mutations”” : 
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“sequences (ATG) are given in base pairs 
at-the top. The yeast DNA sequences in 
-2961 (his3-A4 and CEN4) are indicated 
-as thick lines. The CEN4 function is 
associated with sequences 2 kb to the left 
-of the A DNA (see Fig. 1). The HIS3 
‘structural gene sequences are indicated 
“by the wavy line. The small region of 
< A DNA, to the right of the at site, 
¿> attached to Ais3-A4 is shown as a thin 
oe dine. The A att site, which has partial 
-homology to the yeast DNA that it 







to. pNN207 were selected in YNN211. 


DNA rearrangements are normally quite rare in yeast. Some 
care due to recombination of repeated DNA sequences: re- 
arrangements of chromosome 3 through the mating type loci”’, 
_ recombination of Ty1 sequences? and recombination of the 
- partially homologous cytochrome coding sequences’. Duplica- 
tions have been detected in several cases. The SAD I mutation”? 
duplicates a portion of the right arm of chromosome 3; it 
appears to be an unequal cross-over between MAT and 
HMR”. Copper resistance is associated with tandemly repeated 
‘sequences (S. Fogel, personal communication). The results 
described here are unusual for yeast in that duplications seem 
- to be the most abundant class of mutations. 
< We suggest that the formation of dimeric, dicentric plasmids 
may be an intermediate in the formation of the rearranged 
molecules found in the revertants described above. Asymmetric 
breakage of the dimer plasmids will be a source of deletions 
< and tandem duplications (Fig. 5). The relative frequencies at 
_ which the revertants are recovered may reflect both the position 

_of his3 relative to the centromere in the starting plasmid and 
the locations of DNA sequences that can restore HIS3 function. 
With the isolation of centromeric DNA, it has become poss- 
‘ible to construct dicentric chromosomes in vitro. In yeast, these 
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Fig. 4 Plasmid DNA from revertants, The samples were cleaved 
` with BglII endonuclease and electrophoresed on a 0.8% agarose 
~Tris-borate~-EDTA gel. The samples in lanes 1 and 2 are 2976 
and 2970, both Ty/ insertions; lane 3, 2983, a deletion; lane 4, 

961, the parent plasmid; lanes 5~11, 2995, 2990, 2988, 2979, 
178, 2967, 2966 (all duplications). The sizes of the fragments of 
161 {lane 4) are: 6.15, 2.55, 1.90 and 0.55 kb (going from top 
get Be p a ~to bottom). 
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< replaced, is represented by an open box. AH revertants shown were independently isolated, except 2966, 2967, 2968 and 2969, which form 
o one group. The strains containing the rearranged plasmids are: pNN163 (2966), pNN164 (2967), pNN165 (2967), pNN166 (2969), pNN167 
(2970), pNN168 (2971), pNN169 (2973), pNN170 (2976), pNN171 (2978), pNN172 (2979), pNN173 (2981), pNN174 (2982), pNN175 
(2983), pNN176 (2984), pNN177 (2985), pNN178 (2986), pNN179 (2987), pNN180 (2988), pNN1i81 (2989), pNN182 (2990), pNN183 
(2991), pNN184 (2992), pNN186 (2995), pNN187 (2996), pNN207 (2997). pNN163 to pNN172 were selected in YNN209, and pNN173 


molecules are rapidly rearranged, usually by deletion of one of 
the centromeres (C. M., unpublished results). Plasmids that do . 
not contain centromeres will freely form multimeric molecules . 
in yeast”; however, multimers of centromere plasmids are not. 
readily detected’’. 

Cyclization of the broken dimer plasmids leads directly to 
circular molecules containing simple duplications. Transforma- 
tion of yeast with linear DNA molecules prepared from cloned 





DUPLICATIONS 


Fig. § A model for the origin of the duplications, A dimer of 

plasmid 2961 is shown. The various structural features of the 

plasmid are indicated. An arbitrary breakpoint near his? is marked 

by an arrowhead. The regions of the plasmid where a second 

break would yield a duplication (solid line) or a deletion (double 
line) are shown outside the plasmid. 


circular DNA molecules has shown that these ends can be 
rapidly joined in vivo and that they appear to stimulate recombi- 
national events involving the transforming DNA”; One would 
expect that the molecules containing linear duplications pro- 
duced by the mechanism outlined above would rapidly convert 
to circular molecules and possibly catalyse more complicated 
rearrangements. Broken dicentric chromosomes in maize are 
known to precede multiple rearrangements that can be observed 
cytologically”’. Consistent with this model is the observation 
that transformation of yeast with a dimer of plasmid 2961 yields 
>100 times the frequency of His” colonies as that for the 
monomer. We chose to isolate the His” revertants with the 
HIS3 gene on a plasmid to facilitate rapid recovery of the 
functional HIS3 DNA sequences. A different distribution of 
revertants would be predicted from the above model if the 
promoterless HIS3 gene was located in a linear chromosome. 
















ons are eerd, more aay than the dupli- 
however, the events that have been detected may reflect 
; he target specificity of the transposon, and the spectrum 
sites from which it can activate a gene. 
Activation of cryptic genes, or enhanced expression of wild- 
type functions by insertion of transposable elements, is found 
in many systems: for example, in E. coli, the major mechanism 
— for activation of the genes for the metabolism of 8- glucosides 
is the insertion of IS7 and ISS (ref. 28). Similarly, the c-myc 
gene, the cellular homologue of the oncogene contained in the 
` transforming virus MC29, is overproduced after nearby integra- 
tion of a retrovirus” 
Clearly, the orientation of the Ty/ insertions is significant as 
~~ all the insertions found here and all the insertions seen at 
-cytochrome c {selecting for overproduction) and at alcohol 
-= dehydrogenase (selecting for altered regulation) are the same 
. relative to the gene. This orientation is the reverse of that of 
transcription of the Ty1 element itself*°. One might imagine 
- bidirectional positive control (promoter) sequences at one end 
of the element. Some portion of this information must reside 
outside the identical end repeat sequences of Ty1*. 

The duplications, which represent changes only in the 
arrangement of the plasmid DNA sequences, are more difficult 
to interpret. Most of the rearrangements involve only bacterial 

-DNA sequences (A and pBR322). Presumably several sequen- 
_.ces which will pass for all or part of a promoter are to be found 
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E Loeb and Zinder discovered RNA bacteriophages’, 
spherical RNA-containing coliphages have been iso- 

f sified into four groups according to serological 
id shysicc chemical properties**. Among them, groups I (for 
ex mple,, R17, £2 and MS2) and II (phage QB) have been 
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Chemical evidence for the capsomeric. 
structure of phage Q8 


i a) 5 . >a se. 

Hisao Takamatsu & Koujiro Iso 
Department of Chemistry, College of General Education, University of Tokyo, Komaba, Meguro, Tokyo 153, Japan 
Novel capsomeric complexes, pentamers and hexamers were detected as chemical entities in phage QB. Both were composed 


dentical protein subunits and stabilized by intermolecular disulphide bonds. Their numbers per particle were abou 
for pentamers and about 20 for hexamers—consistent with theoretical expectation from the quasi-equivalent packing 









has not e been fused to 5 his i in i any of the.  dpiatiogs e 
This may indicate some fa nha in the cians break- 






loss of either the original copy of the gene or the source of 
new regulation. One well-characterized example of this proc 
is found in the mammalian globin genes. A series of 
structural genes has evolved with different regulation O 
various members of the family. Interspersed among thes 
several non-functional copies*'. The new regulation develop 
after duplication need not be at the level of transcription. 
the case of the immunoglobulin heavy chain constant region 
genes it appears to reside in additional genomic rearrange: 
ments” ; 
Although the mechanism suggested above as the source of 
the duplications applies to circular chromosomes, duplications 
clearly occur in linear chromosomes. The ability to insert the 
promoterless his3 derivative at almost any point in the yeast- 
genome allows one to examine the mechanisms which may 
produce duplications or other rearrangements in the chromo- 
somes. 
The experiments described here indicate that genomic rear- : 
rangements can create new promoters at low but detectable 
frequencies. As studies on the various aspects of gene 
expression proceed it will become increasingly important to _ 
understand the mechanics of the chromosomes on which they a 
reside. E 
We thank Robert Malone. for providing strains containing. 
the rad52 mutation. S.S. and C.M. were supported by NIH 
training grant funds. This work was supported by ACS > erani 
no. NP-268B and NIH grant no. 21891. 
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extensively studied and have provided important EET into 
genetics and molecular biology. 

A virus has a clearly defined and highly organized structure 
outside a cell, in contrast to the complexity of its frm 
inside a cell. It was theoretically proposed that the protein 
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Fig: = | "§DS-polyacrytamide gel electrophoresis of phage OB protein. Purified 
hage Of: were obtained by a published procedure”. Phage solution (0.05% in 
TM sodium. phosphate, pH 7.2) was incubated with SDS (finally 3% w/v) at 
` for 30 min. Ten ul of solution were analysed by SDS~5% acrylamide gel 
lectrophoresis according to the method of Weiner ef al.’®. For the first 30 min, 
i <ctrophoresis was done at a constant current (2 mA per tube); it was then stopped 
o flush out the top of the gels with the tray buffer to remove RNA. The electro- 
„phoresis was re-started at 7mA per tube until the marker dye had migrated 
9 ém. Using this method, there was no need to separate protein and RNA before 
electrophoresis, and so we were able to analyse the entire protein. Gels were stained 
“with Coomassie brilliant blue (0.25% w/v in 45% ethanol, 7% acetic acid) for 
40 min and then were destained with 7% acetic acid. Gels were scanned at 570 nm 
with an Ozumor 82 microdensitometer. a, Protein peaks were designated I-IX 
“. from the peak having the highest mobility. Although peaks I-III and V were very 
“small, they were observed when the gels were overloaded. Inset: peaks I-III, V~VII 
were tentatively assigned to be those of monomer, dimer, trimer, tetramer, pentamer 
and- hexamer of coat protein subunits, as no other peaks except peak IV were 
observed in this region. Peak IV was later shown to be composed of A, protein. 
_ When their relative mobilities compared with the marker dye were plotted against 
their calculated MWs (14,050 #:n is an integer), a linear line was obtained. 
(b; Various amounts (S~15 jl) of phage solution (0.05% ) were electrophoresed. Each 
peak area of the traced patterns was measured with a planimeter. The measured 


arrangement on the outer shell (capsid) of a virus could be 
predicted from a knowledge of the number of its constituent 
-protein molecules*. For example, group I phage particles were 
- estimated to contain about 180 molecules of coat protein, 1 
- molecule of maturation protein and 1 single-stranded RNA 
‘molecule*. The capsid structures were therefore considered to 
have. a T =3 icosahedral symmetry’, and, indeed, electron 
microscopic analysis has shown that the coat protein subunits 
of: phages R17 and f2 are in dimer clusters based on the 
T =3 structure’. Phage Q£ is also predicted to have a T =3 
icosahedral structure, as its protein composition is similar 
to that of group I phages, except for the presence of a few 
molecules of a third protein component’ (discussed 
below). . 

Here we have approached the determination of the protein | 
rrangement (including minor protein components) in phage 
in two ways. First, by using a biochemical method, we have 
ought. to characterize the constitutive intermediates during the 
sembly of protein subunits into the capsid. After the control- 
; | dissociation of QB particle, we have found pentamer and 
examer complexes, presumably true constituents of a T =3 
apsid, which are stabilized through intermolecular disulphide 
kages. The capsid is estimated to consist of ~12 pentamers 
~20 hexamers, Second, using electron microscopy, we 
that the OB. capsid i is composed of 32 morphological units 
someres) which we interpret to consist of 12 pentamers 
nd 20 hexamers based on the quasi-equivalence theory’. The 
wo approaches give consistent results. 

‘This is the first report to describe the detection of a discrete 
$ bstructure of a capsid, corresponding to a capsomere, as a 
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ntity in a small spherical virus, and the verification 

quivalence: theory by a chemical method. Detec- 
: structure of a capsid may provide an important 
clue to the assembly process of a viral parucle. 
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-ateas were plotted against the applied quantities. Linearity was observed and the slope for peak VII was twice as steep as the slope for peak VI. Provided both 
peaks were composed of the same proteins, the weight ratio of peak VII to peak VI was 2.0. The same value was obtained after the gels were stained with Fast 
green which is also recommended for quantitative densitometry**. c, Phage solution was incubated with 2-ME (3% v/v) in the presence of SDS for 5 min at 
«90°C, The reaction mixture was electrophoresed. The apparent MW was determined based on mobility relative to the marker proteins: ovalbumin (45,000), 
/ bovine serum albumin (67,000), chymotrypsinogen A (25,000) and myoglobin (17,800). 


Specific dissociation of the phage Q8 
particle 


The capsid is known to be stabilized in part by hydrophobic 
forces between coat proteins*, and the amino acid composition. 
of coat protein is rich in hydrophobic residues’: We therefore 
reasoned that detergents or denaturing reagents might be useful 
for the disassembly of the capsid and the dissolution of the 
resulting products. 

Phage Q8 particles were treated with SDS and the reaction | 
mixture was subjected immediately to SDS gel elec- 
trophoresis'’. Nine protein peaks (I-IX, in order of decreasing 
mobility) could be observed reproducibly (Fig. 1a), About 90% 
of the total area is comprised of peaks VI and VII, which are : 
estimated by comparison with several marker proteins to have: 
apparent molecular weights (MWs) of 65,000 and 78,000. 
respectively. As a linear relationship exists between the applied 
quantity of protein and peak area (Fig. 16), we can estimate — 
the weight ratio of peak VI to peak VII; the ratio is 0.5. As — 
_the phage capsid is mainly composed of coat protein Subunits, 
the major peaks VI and VII probably consist of complexes of 
coat protein subunits. 

Peaks I-III and V-VII are tentatively proposed to be 
monomer, dimer, trimer, tetramer, pentamer and hexamer of 
coat protein subunits respectively (peak IV is composed of A, 
protein, as described below). When the mobility of each peak. 
is plotted against its calculated MW using the chemically deter- 
mined MW (14,050)"', a straight line is obtained (Fig. 1a inset). 
The pentamer of coat protein subunits (peak VI) and the 
hexamer (peak VII) are stable in SDS solution, so specific 
bonding must exist to keep these complexes intact; we suggest 
that it is disulphide bonding between protein subunits. 

In addition to peaks VI and VTI, there are seven small peaks. 
in Fig. la. Peaks VIII and IX are particularly a and ; : 


aa total i area. ete can be deanadh eda when | 
| its l of phage protein are separated by elec- 


peak IV), 39,000 (peak IID), 28, 000 (peak II) and 
(peak I). 


luct ion. of the coat protein ‘ada 
nfirm the disulphide bonding, phage QB was treated with 


DS in the presence of 2-mercaptoethanol (2-ME). As shown. 


Fig. 1c, three peaks can be observed, with mobilities corre- 


nding to those of peaks I, II] and IV. For convenience, the 


peaks have been designated peaks I, III and IV. 

-Peak I comprises ~94% of the total area, and peaks III and 
IV ~4% and ~2% respectively. The amount and relative 
mobility of each peak are consistent with published data’! 
and we conclude that peaks I, III and IV consist of coat protein 
subunit, A, (or IIb)’ protein and A, (IIa)’ protein respectively. 

hi apparent ‘MW of the coat protein subunit is estimated to 

higher in our system than the chemically determined MW; 
similar values’? have been obtained by SDS-gel elec- 


phoresis. These results show that our sample of phage QB 
sufficient purity and further confirm that the components 


: of low mobilities (as shown in Fig. 1a) are held by inter- 
i molecular disulphide bonds. 
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ig.2 Partial E N of phage protein complexes. To the phage solution 
05%, 10. pl): was added an. equal amount of 0%, 0.01%, 0.1%, 1.0%, or 
0% (v/v) 2-ME solution and the mixture was incubated for 20 min at room 
nperature. Immediately afterwards, reaction mixtures were elec- 
oresed: After treatment with 0.005% 2-ME, peaks I-ITI and V were 
ased compared with the non-treated sample.When the pattern of the 
2-ME treated sample was compared with that treated with 0.005% 
twas clear that peaks VI-IX had decreased and peak I had increased. 
presence of 0: 05-5% 2-ME, peak I still increased, while peaks HH, 
: a Peak: HI decreased, but remained as in Fig. ae: Peak 
ae was not affected by these treatments. . 


Coat protein subunit 


ee oe 
54 3 2 1 
Fig. 3 Analysis. of peak VI composition. Phage proteins were elece 
trophoresed without treatment with 2-ME, as described in Fig. la legend. 
After eléctrophoresis, gels were frozen and sliced in 1-mm sections. Protein 
was then eluted from each slice into 0.2 ml of 0.1%. SDS overnight at 37°C 
with agitation. The protein solutions were divided into three parts: a, no 
further treatment and electrophoresed; d, treated with 5% 2-ME for 20 min 
at room temperature and then electrophoresed; c, treated with 0.005% 
2-ME and immediately electrophoresed. As shown in a, the protein from 
peak VI was obtained. After treatment with 5% 2-ME, the peak of coat — 
protein subunit was observed. In c; four new peaks can be seen, which have - 
the same mobilities as peaks I-II and V in Fig. 1a. When the peaks were 
numbered as indicated by the arabic figures inc, peak VI was the fifth peak. — 
No other peaks were detected in any other conditions. Peaks 1-5 had the 
same mobilities as peaks I-III, V and Viin Fig. La respectively. 


‘We next tried to obtain an intermediate pattern between 
those of Fig. la and c. Phage Qf was treated with various 
concentrations of 2-ME in the presence of SDS. Signific n 


changes could be seen (Fig. 2ye further reduction. de 


peaks VI- and VIL and increased peak L Peaks 

decreased in the same manner as peaks. VI and ' 
intermediate degree of reduction, péaks II, II and Vin 
slightly, in a reproducible fashion. These peaks were 
diminished at greater concentrations of 2-ME. After comp 
reduction, only three constituent proteins of phage OB co 


Ea be observed. These results show hat the complexes disass 
_ via intermediate products to the constituent protein. subi 


These intermediates proved helpful in determining the structur 


of the complexes (see the following). 


Structure of the specific complex. 


To determine the constitution of each peak, the gel v v 
into slices and the protein eluted from each slice. The pro 
of peak VI was isolated, as shown in Fig. 3a. Reduction 
2-ME shifted the mobility of the protein peak to that 
ponding to coat protein subunit (Fig. 36). Thus peak 
composed solely of coat protein subunits. The next: 

was how many coat protein subunits make up the compl 
peak VI? As partial reduction of the complex led to the prod 
tion of intermediates, in this case oligomers of coat pr 


<- subunits, it was possible to determine the polymerizing 
of the original complex from the order of the inter 


oligomers, A After mild reduction of the compe i four new 


























































f: an 4. Kanty of peak VH. The protein of peak VII was eluted from the 
“sliced gel as described in Fig. 3 legend. The protein solution was treated with 
0% (a), 5% (b) and 0.008% (c) 2-ME and then electrophoresed. After 
treatment with 5% 2-ME, only the peak corresponding to coat protein 
subunit was observed. Thus, peak VII was shown to consist of coat protein 
subunits. In c, six peaks were observed and no other peak could be detected 
$n any other. conditions. When the peaks were numbered as indicated by the 

5 arabic figures in c, peak VH was the sixth peak. Peaks 1-5 showed the same 

x mobilities as corresponding peaks in Fig. 3c. 


could be observed (Fig. 3c). No other peaks could be detected 
ising different conditions, although greater reduction led to 
onversion of high molecular weight complexes to low 
molecular. weight ones. Thus the four peaks are successive 
oligomers of coat proteins—-monomer to tetramer. Therefore, 
‘the original complex (peak VI) must be a pentamer of coat 
-protein subunits. 

. Peak VII (Fig. 4a) was analysed in the same way. Complete 
; reduction leading to its full dissociation yielded only coat pro- 
tein subunits, showing that peak VII consists of only coat protein 
subunits (Fig. 46). With intermediate reduction, six peaks could 
be observed (Fig. 4c). No other peaks could be observed in 
different: conditions, and the mobilities of the six peaks were 
same as those of peaks I-III, V-VII in Fig. 1a. Thus peak 
/II consists of hexamers of coat protein subunits. 

Next, peaks VIII and IX were examined. Because of their 
low mobilities, the separation distance between these peaks 
was relatively short compared with that between high-mobility 
‘peaks. Protein fractions eluted from the sliced gels therefore 
contained components of both peaks, in various ratios, depend- 
ng on the position of the slices (peaks IX: VIH 10.1, 8.5, 3.0 
d.0.7 in Fig. Sa-d). After treating each fraction with 2-ME, 
wo peaks could be observed (Fig. 5a-d, lower patterns). The 
10bility peak corresponds to A, protein and the other to 
otein subunits. The molar ratios of coat protein subunit 
l ‘otein : are 4.6, 4.3, 4.1 and 4.9 in Fig. 5a~d respectively, 
suming MWs of 39,000 for A; protein. (electrophoretically 
mined) and 14,050 for coat protein subunit (ref. 11), and 
he peak area is proportional to the applied quantity of 
in, as shown in Fig. 1c. The high molar ratio for Fig. 5d 
thought to be due to the contamination of peak VII (15%) 
ch consists of coat protein subunits. On the basis of the 
o sof Ar Protein | to coat proms subunit, as well as 





with enmoda reduction and after full peduchion it remained 
















as an A, protein (Fig. ap This stage a that ai it 2 a. a 
mixture of coat oen trimer ra Ay Re 


a IV was shown to be pea of fA yaaa oa 
These results show that male of the total Pan 


95% of all the coat PON subunits i is creas k 
form of pentamers and hexamers since the fractio 
protein subunits in the whole phage protein is ~ 
remaining coat protein subunits mostly form pent mers 
hexamers with the A, protein. molecules (peaks VHI and IX). 
Since the amount of A, protein is ~4% of the total. phage 
protein and ~40% of peaks VIII and IX consists of A; protein, 
most of the A, protein molecules are in the form of pentamers 
and hexamers with coat protein subunits. A, protein does not 
form such a complex. 


Capsid structure model 


To formulate a model of the phage QB capsid, we had to 
determine the contribution from each component. The total. 
weight of protein per particle is 2.7 x 10° daltons, usin ng: the 
reported MW of 4.2x10° for the the phage. particle" and 
1.5 x 10° for its RNA”. About 90% of all the protein is in the- 
form of pentamers and hexamers which are made up of the 
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Fig. 5 Analysis of peaks: vil and Ix, Protein: was eluted from each. sliced ens 
gel which contained the components of peaks VIII and IX. The ratio of > 
components of peak IX to peak VIH were different in each slice: 10.1 (a), 
8.5 (b), 3.0 (c) and 0.7 (d): There was a significant amount of peak Vii 
(15%) (shown in d) The protein solutions were electrophoresed: after 
treatment with 5% 2-ME Gower) or without. treatment (upper). After. 2 
treatment, two peaks were observed: the. high-mobility one corresponds to | 
coat protein subunit and the other to A; protein. The area ratios of coat. Da i 
protein subunit to. A, protein were: L 64 (a), 1.54. {bhi 49 {cyand. 1.78 id). - 
The value ford Was high: due to the contamination of "peak? VI t 


E Fr: Oe oe 2 eee: ee) eh lua ee ee SS ee . As A ae ST F A 
¥ as, - r >. + A h ' 
pE Lee} m í t 


Nature Vol. 298 26 August 1982 





= = > 2:3} 


SA 


L 


>> aes a a TT r EO l ri ALO 
' r PATS == ‘ à “yr” Dr i saii AN Ar 


(12) 





Pentamers 
>, 
. D g 
>. 
D e. 2 
ae 
wae (180) 
(20) Coat protein subunits 
Hexamers 
G2 
a A+ protein molecules 
vi" al <1 . Vv APA Oo ME 
non cs ———> g ra ae gV A, protein molecules 
1 Sg Pha A E~s 
Qf particle [Pentamers] =0.5 ô Coat protein subunits 
[Hexamers] Monomers A ~ 180 
(in weight) 





Fig.6 Summary of electron microscopic (upper half) and chemical (lower half) observations. Phage Q£ particles were observed by electron 
microscopy as described previously”? although they were stained with phosphotungstate. The phage Of was a spherical particle (mean 
diameter ~250 A). On the particle surfaces, morphological units (capsomeres) were observed, which appeared as a hollow cylinder (~30 A 
high and ~60 A diameter with a ~25 A diameter hole). Capsomeres were regularly arrayed on the particle in four ways: a, one capsomere 
surrounded by six capsomeres; b, one capsomere surrounded by five capsomeres; c, 10 capsomeres at the periphery of a partcle; d, four 
capsomeres arranged at the four corners of a lozenge respectively. Based on the electron microscopy observations, the particle model was 
constructed, in which capsomeres were located at each apex (12) and on each facet (20) of a icosahedral structure. The capsomeres at 3-fold 
axes were drawn as hexagons and those at 5-fold axes as pentagons. The model is illustrated, viewed along the 3-fold axes (e), along the 
5-fold axes (f) and along the 2-fold axes (g). According to the quasi-equivalence theory*, the capsomeres located at the 3-fold axes are 
hexamers and those at the 5-fold axes are pentamers. Then, the total number of subunits can be estimated to be 5x 12+6x20= 180. Lower 
half: schematic drawings summarizing the chemical study. After phage Q8 particles were treated with SDS, pentamers and hexamers of coat 
protein subunits were produced in a weight ratio of 0.5:1. In addition, A, protein-containing pentamers and hexamers were detected as 
minor products. These pentamers and hexamers were dissociated to subunits after reduction with 2-ME. It was calculated that one particle 
contained as protein components ~180 coat protein subunits, ~3 A, protein molecules and ~1 A; protein molecule. 
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coat protein subunits, and the weight ratio of pentamer to 
hexamer is 0.5. The number of these complexes per particle, 
therefore, is calculated to be 11.5 for the pentamers and 19.2 
for the hexamers, based on the chemically determined MW of 
the coat protein subunit (14,050). On the other hand, A, 
protein-containing pentamers and hexamers comprise ~8% of 
the total amount of protein and are present in an equal amount 
per particle. There are thought to be about one of each per 
particle, based on their MWs (95,000 = 39,000 + 14,000 x 4 for 
the pentamer; 109,000 = 39,000 + 14,000 x 5 for the hexamer). 
Therefore, it is estimated that, on the average, one particle 
contains ~12 pentamers and ~20 hexamers. In addition, the 
particle contains A; protein as a minor component (~2% of 
total protein). As the MW of A, protein is 44,000, we estimate 
there is about one A, protein per particle; this is in good 
agreement with published data’. 

The presence of 12 pentamers and 20 hexamers is consistent 
with a structure based on the T = 3 icosahedral surface lattice’, 
but the symmetry cannot be exact since only some of the 
pentamers and hexamers contain A, protein, and we do not 
know the location of the one copy of A, protein per particle, 


Electron microscopy 


The relationship between the chemically obtained complexes 
and the morphologically expected units on the capsid was 
investigated by observing Of particles by electron microscopy. 
The Q8 particle appeared as a regular, spherical particle 


(~250A in diameter) with surface morphological units (cap- 
someres) consisting of hollow cylinders (~30 A high and ~60 A 
in diameter with a ~25 A diameter hole) (Fig. 6). Capsomeres 
were regularly arrayed on the surface in one of four patterns: 
(1) one capsomere surrounded by the six nearest capsomeres 
(Fig. 6a); (2) one capsomere surrounded by the five nearest 
capsomeres (Fig. 6b); (3) ten capsomeres radially arranged at 
the periphery of a particle (Fig. 6c); (4) four capsomeres 
arranged at four corners of a lozenge respectively (Fig. 6d). 
These patterns would correspond to views of different sides of 
an icosahedral structure model as illustrated in Fig. 6, in which 
six capsomeres were arrayed around 3-fold axes (e), five cap- 
someres arrayed around 5-fold axes (f), 10 capsomeres located 
at the periphery (f) and four capsomeres arrayed in the 2-fold 
symmetrical position (g). From such consistency, it is concluded 
that the Q8 capsid is composed of 32 capsomeres, arranged in 
an icosahedral symmetry (details will be published elsewhere 
by H. T., H. Funakoshi and K. I.). These morphological 
observations are consistent with the chemical estimation of the 
number of pentamers and hexamers per particle. 


Protein subunits and icosahedral capsid 
structure 


We have demonstrated that the pentamers and hexamers are 
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stabilized by intermolecular disulphide linkage. As the æa ™ 


protein subunit (131 residues) has two cysteine residues at 
positions 73 and 79 (ref. 11), pentamers and hexamers of coat 
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phide ' sin the: 

n when QB aiem ah were pines ri at the jaw pH 
pH<4)}or in the presence of an excess amount of iodoacetic 
-acid’® most of the coat protein subunits were in the form of 
pentamers and hexamers, in the ratio of 0.5 pentamers to 1.0 
hexamer. Furthermore, spectrophotometric studies using 5, 
5’-dithiobis(2-nitrobenzoic acid) in the presence of guanidine 
hydrochloride or SDS’? showed most of SH groups were 
“blocked (not shown). Pentamers and hexamers were clearly 
: detected as chemical entities, although it remains to be deter- 
mined whether the disulphide bonds are formed before or after 
-virus assembly. 

_ A, protein is known to be synthesized by the failure of 
-termination of translation of coat protein cistron'*’*, but its 
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that an AG prote molecule is substituted for a ‘coat protein a 
subunit in a pentamer and a hexamer. A, protein may bind 
coat protein subunits through the same contact between coat — 
protein subunits since the N-terminus of A, protein molecule 
is identical to the entire stretch of coat protein subunit. A; 
protein may thus serve to modify the surface structure rather 
than to introduce a different intermolecular contact. 
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abrera’ has reported the possible detection of a magnetic 
monopole in flight with magnetic charge g given by the Dirac 
< condition’? Zeg = hc. Here, we accept the Cabrera candidate as 
“a t'Hooft-Polyakov’* monopole of mass M~10"° GeV as 
` expected® in SU(5) or other grand unified theories. The 
monopole flux on Earth, on the basis of the single candidate, 
is f[- ~ (0.1) cm? yr (27rsr)~*, presumably consisting of roughly 
equal numbers of north and south monopoles. Galactic or 
ntergalactic monopoles will have typical velocities of 
‘kms, The Cabrera flux would correspond to a mass 
f{Mlv~1 GeV cm”. Because the mean mass density of 
niye erse. cannot exceed 10° GeV cm™ , the mean flux of 


nea noepoles * were concealed in the Galaxy. However, 
er has shown” that the existence of galactic magnetic fields 


O77 om yes. It follows that f must be a local flux resulting 
rom the special nature of the observation site. Three 
ossibilities come to. mind: the local monopole fux may be 
associated with the Earth, the Sun, or with the Solar System 


. tf the monopoles observed at the Earth’s surface originate 
m the Cor, as does the local ANEDE field, and if the flux 
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is not time dependent, the Earth has emitted more than 10°’ 
monopoles since its birth, implying an initial (or present) 
monopole density n~1cm™*. However, the density of 
monopoles in the Earth's core is bounded by” 


n < B/Brgut (1) 


where r = 10° yr is the characteristic growth time of the geomag- 
netic field, v is the monopole velocity within the core, and B 
is the magnetic field within the core. With a core field ~100 G, 
we expect v ~ 3 km s™° on the basis of either magnetic OF gravi- 
tational force arguments. This gives a limit n < 10” cm™*, Thus, 
the Cabrera flux cannot originate from the Earth. 

Can the monopole flux seen on Earth originate from the Sun, 
in the fashion of radiant energy or solar wind? If so, the Sun 
has emitted (and presumably still contains) some 10% 
monopoles. This implies a mean solar monopole density n ~ 10° 
monopoles cm’, with 107° of the solar mass made up of 
monopoles. If the monopoles are gravitationally bound to the 
Sun, they must have velocities ~400 km s™' and kinetic energies 
~10'° GeV. They will lose energy in nuclear collisions, and by - 
inducing currents in the highly conductive solar medium. The 
energy they dissipate by these losses must be compensated by. 
magnetic acceleration. Thus, there must be a mean interior 
magnetic field in the Sun of ~10° G so that 


g(B) ~ dE/dx ~ 10 MeV cm”! (2) 


The characteristic time of the solar interior field is aguaied to 
be ~20 yr, the period of the sunspot cycle. With these values 
of B and 7, equation (1) yields an upper bound on the density 
of monopoles in the Sun, n < 107 cem”. Moreover, the ohmic 
loss due to 10% orbiting monopoles is ~10° Lo. For both these: 
reasons, it is difficult to explain the observed monopole flux in 
terms of a direct solar flux. Of course, it could be that most of 
the solar monopoles are concentrated in the centre of the Sun, 
and are only rarely extricated by transient magnetic fields. 
Escape velocity for these monopoles is ~1,400 km s', which 
would require magnetic fields ~10° G over distances ~R 9. 
Can the local monopole flux result from a diffuse cloud of 
monopoles which are in newtonian orbits about the Sun, rather 
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© Earth will vary from 10 to 70 km s™ as do the arrival velocities 
_ of meteorites. Their density must be ~107'* cm™ to explain 
served flux, corresponding to ~ 1074 monopoles within 
Zarth’s. orbit. These monopoles are subject to a solar 
c field ~3 x 107° G, and a consequent magnetic force 
~10™* of the solar gravitational force. Following 
-we have estimated the time over which the magnetic 
bation significantly alters the energy of a monopole in 
orbit. We assume that the distant solar magnetic field 
tuates over a time scale of half a solar rotation period, 
=10°s, and that its magnitude at 1 AU is 3x10°°G. The 
“residence time of a monopole in solar orbit is given by” 











t =(v/c Two? (3) 


where w =gB/Mc ~2x10 `" Hz. We find t ~100 Myr. The 

eventual fate of the orbiting monopoles will be to fall into the 
„Sun, or to escape the Solar System. In any case, to maintain 
< the local monopole flux, a source of ~10° monopoles per second 
c a required. 

_.. We must verify that the monopole flux on the Earth does 
Hs not generate too great a monopole density within the Earth. 
The incident monopoles have kinetic energy ~10° GeV and 
< -lose ~1 MeV cm™ (hence <10° GeV) as they traverse Earth. 

They pass through the Earth without stopping. Their density, 

n ~ 107% cm”, is well within the bound set by equation (1). 

The monopole cloud of the Solar System is maintained either 

by an external (cosmic) or internal (solar) flux. Cosmic 

- monopoles traversing the Sun may lose enough energy by ohmic 
losses or magnetic deceleration to be captured into solar orbit. 

Indeed, ~10° monopoles per second pass through a 
~, hypothetical sphere of solar radius if the Parker bound on the 
flux. of galactic monopoles is saturated. The actual number 
impacting the Sun is larger by the factor [(1+(v,/v)*] where v 
s the monopole velocity and v~~600 kms"! is the escape 
velocity from the Sun. As (v)~ 300 km s™°, the enhancement 
__ is considerable, particularly for slower monopoles. The Sun 
_ may well capture enough monopoles to sustain its cloud. 

-On the other hand, the cloud may be fed internally by a flux 
aN of ~10° monopoles per second which is extracted from the Sun 
by solar flares. Either mechanism implies a solar monopole 
number of ~10°° and a density of n ~ 107” cm’ “* corresponding 
-= to an acceptable ohmic dissipation of 10°° Lo. With kilogauss 
- mean fields, equation (2) is satisfied. The limit on monopole 
. density given by equation (1) is just saturated, a result whose 
significance we discuss below. 
“Simple considerations of magnetic diffusivity yield the 
~~ expression T = (4na /c 3R? for the characteristic time of the 
_ solar magnetic field. This is known to overestimate T by six 
-orders of magnitude”. In the presence of monopoles, T is 
correctly determined to be ~20 yr by the magnetic dissipation 

time given in equation (1). 

_ Monopoles within the Sun can have other significant effects. 
‘They can lead to a lower central temperature by promoting 
‘heat transfer from the solar interior, or by catalysing nuclear 
usion or nucleon decay. This could ameliorate the solar 
neutrino problem. 

-Itis suggested that magnetic monopoles may have a substan- 
+: tial cross-section o to induce nucleon-number violating pro- 
s ` cesses such as 

























Monopole + p > Monopole + (e* or 777). (4) 





process can be observed directly as monopoles pass 
ugh material on Earth; it can contribute to energy produc- 
in the Sun; and it can act as a source of high-energy solar 
utrinos which can be detected on Earth. Monopole- 
ced nucleon decay, seen in the laboratory, will not seem 
conserve momentum because the recoiling monopole is not 
cted. A limit can be Placed on æ from known limits on the 
ucleon lifetime: fe <r; where Ts is the lower limit on the 
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like meteorites and meteoritic dust? Their velocities about thë = 
in will then be ~30kms"', while their arrival velocities at _ 


pre w ere m mentum conse o! 
is not imposed. Taking 1, > 10° yr, we obtain o <10" cm 
With this cross-section, catalytic nucleon decay within the’ Sun ; 
can account for no more than 10°° Lo. However, this: proces 
can also yield GeV electron antineutrinos, with a fux on Earth 
as high as 10° cm~* s7}. A search for this kind of solar emanation: 
is called for. 

The net flux of monopoles from all stars in the Galaxy wou 
amount to 10° monopoles per year. These will be acceler: 
by galactic magnetic fields to an escape energy of 10. 
requiring an energy source of 10°* GeV yr™. This is- 
compatible with the estimated energy content of the gala 
magnetic field (B’/8a)V ~ 10°’ GeV and a restoration tims 
one galactic period, or 10° yr. / 

We conclude that the Cabrera flux of magnetic monopole: 
can be understood in terms of an orbiting cloud of monopole: 
in the Solar System, which is replenished by a small ‘monopole. 
wind’ from the Sun or from the Galaxy. Monopoles may have 
an important role in solar energetics. Our hypothesis can be z 
established if the monopole flux on Earth is shown to be similar- 
(in velocity distribution, angular distribution, and its seasonal. 
and diurnal variations) to the observed flux of meteorites, except 
for the fact that monopoles (but not meteorites) pass freely. 
through the Earth. 

We thank J. Preskill and R. Rosner for valuable discussions. 
This research is supported in part by the NSF under grant no. = 
PHY77-22864. 
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Interstellar scintillation of the aeea of lp radio signals 7 


. The aa. abe 
pattern is believed to be dee. to the combined motion of th 
pulsar and the observer relative to an effectively stationary and 
quasi-static interstellar medium; this has, however, not bi 
clearly demonstrated so far, and the possibility has remaii 
open that the fluctuations are due at least partly to streaming 
or wave motions in the medium. Recent measurements of th 
proper motion of pulsars by radio interferometry’ now all 
a direct test. We present here new observations which sh 
that the scintillation characteristics of pulsars are closely relate 
to their velocities, as measured by their proper motions. 
The basic theory of scintillation was presented by Scheuer”, 3 
who analysed the effect of a thin screen of irregularities. An- 
analytical solution for irregularities filling the whole path, and 
with a gaussian distribution of sizes, is due to Lerche’, wha 
extended previous work by Lee and Jokipii*. (For a review of 
theory and observations see ref. 5.) 
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PSR (cem™? pc) (kpc) ($) (MHz) (kms™™ (km 57?) 


-0301+19 157 0.56 335 0.23 47 100+11 
"0329+54 268 2.3 270 0.10 78 229+11 
-0355+54 57 1.6 110 0.034* 92 62+23 
0525+21 508 2.0 100* (0.14)* 230 1414180 
0809+74 5.7 017 1,100 2.07 23 41+5 
0823+26 194 0.71 200 0.94 174 365+10 
0834+06 129 0.43 480 2.0 84 104+6 
` 0950408 3.0 0.09 1,700 (20) 34 1843 
< 1133+16 48 0.15 360 (7) 124 26442 
< 1237+25 9.3 0.33 660 4.07 76 178+6 
1508+55 196 0.73 100 0.06* 91 346+10 
-1604-00 10.7 0.36 1,260 0.9 20 1217 
: 1642-03 35.7 0.16 132 0.14* 49 36+11 
: 1929+10 3.2 0.08 600 3.07 36 332 
~ 1944417 16.3 0.43 540 0.3 29 1948 
1952+29 20 0.20 780 09 24 41+10 
2016428 14.2 13 630 0.18 33 «15+18 
2020+28 246 13 360 0.5 98 97418 
© 2021+51 22.6 0.68 430 0.28 44 56413 
"2217+47 435 15 150 0.13* 128 230443 





V, =4.36x10° (BDY r 
.. .* Pulsars for which a separate series of observations was made at 
©. 930 MHz. 

<i F Scintillation patterns exhibiting frequency drifting. 


The velocity V of the pattern past the observer can be 
obtained from the characteristic time of fading r provided that 
he scale S is known. Spaced receiver observations are of little 
use in determining S, as it is typically larger than the Earth’s 
diameter. It is, however, closely related to the frequency struc- 
ture of the pattern observed at a single site. This arises from 
< the relation between multi-path propagation and 9, the angular 
‘spread of waves constituting the diffraction pattern. Lee and 
: Jokipii* show that the scale S is related to 6 by 





S = Vr =0.113 4/6 (1) 

and the correlation bandwidth Af is related to @ by 
= 2 
Af = -p 7 (2) 


“where D is the distance of the pulsar. Hence at 408 MHz 
V =4.80x 104 (DAS)? kms” (3) 


‘where the units of D, Af and 7 are kpc, MHz and s. 
> In equation (1) we have chosen the relation for a Kolmogorov 
ower law distribution of irregularities, in contrast to a gaussian 
stribution: the coefficient differs only by ~10%, but there is 
e evidence i in favour of the power law even though there 
iS yet. no complete analytical solution for diffraction in 
case’. The bandwidth Af in equation (2) is the frequency 
ation at which the correlation falls to 0.5. 
/ẹ measured the characteristic fading time and correlation 
dwidth at 408 MHz for 20 pulsars whose proper motions 
nown’. Observations were made with the Mark 1A radio 
scope, with an integration time of 1 min and frequency 
tions of 0.5 MHz and 0.125 MHz, using eight adjacent 
equency bands. A typical observation on one pulsar lasted 
urs. The bandwidth and time scales were found by fitting 
gaussian autocorrelation functions: this is formally correct only 
for the time scales as the autocorrelation function in frequency, 
although not. precisely known, probably resembles the more 
complex function given by Lerche for the restricted case of a 
Sian distribution of- irregularities. We tabulate vaues of 7 
f b: jwidth B both as values where the autocorrelation 
Is to 1/ and assumed that B ~ 1.2 Af: 














V, is the transverse velocity from ref. 1. 


for broadband intrinsic variations inthe pulsar signal both on” | 
short and long time scales, as discussed by Roberts and Ables®. 
For some pulsars for which the frequency structure was not 
resolved with these bandwidths, a separate series of observa- 
tions was made at 930 MHz using a frequency resolution of > 
0.5 MHz in eight adjacent bands; the time scales and band- 
widths were scaled to 408 MHz assuming that 7 œ v and B p" 
These pulsars are indicated in Table 1. 
The scintillation opi for some PE shows i 











lope 
aes drift. We find that values of T and B generally 
within ~20-30% from day to day. Some doubtful: va 
enclosed in parentheses in Table 1. Cip : 

Figure 1 shows the relation between the observed transver ie 
speed of the pulsar (from proper motion) and the quantity. 
4.36 x 10* (DB)? where D is the distance of the pulsar as 
used by Lyne er al.' in obtaining the proper motion. The 
theoretical relation is a line of slope unity through the origin. 

Part of the correlation in Fig. 1 might arise artificially as a 
result of errors in the estimates of the distance D, as the ordinate 
contains a factor of D and the abcissa contains D'’*. We 
therefore show in Fig. 2 the same results as an angular measure, 
that is as measured and expected proper motions. These quan- 
tities are entirely independent, and the correlation is seen to 
be at least as good as in Fig. 1. 

The fact that there are roughly equal numbers of pulsars: 
above and below the theoretical line in Fig. 2 is indicative of 
the success of the theory described earlier and of the model of 
the electron density distribution used to derive the distances’. 
The scatter in Fig. 2 is attributable to measurement errors of 
the proper motion, scintillation time scales and bandwidths as 
well as errors in the assumed distances. The small amount of 
scatter indicates that even in individual cases the distance esti- 
mates cannot be very much in error. 

We note that there is a good relation in Fig. 1 between 
observed and calculated speeds. The lower speeds obviously 
can be affected by the Earth’s orbital velocity of 30 kms": we 
suggest that this accounts for the larger than expected scintilla- 
tion speeds for those pulsars having proper motions less than — 
about 30 kms”. In contrast we note that most of the derived | 
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Fig. 1 The transverse speeds of 20 pulsars measured by their 
proper motions and compared with the speeds deduced from their sra 
scintillation characteristics. Pea: 
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oe Fig. 2. The data of Fig. 1 expressed as angular motions: that is, 
_ (2s @ comparison between measured proper motions and angular 
speeds deduced from scintillation characteristics. 


speeds of the faster moving pulsars are underestimates of the 
true values by a factor of about 2. 
__ The agreement between theory and observation suggests that 
__ the irregularities are fairly evenly distributed between the pulsar 
xa and the observer. Most of the faster moving pulsars, for which 
k the diffraction pattern is moving at about half the speed of the 
pulsar itself, are at large distances from the galactic plane: for 
these it is reasonable to suggest that the irregularities are 
concentrated within the half of the path closest to the observer. 
The main effect of such a concentration is a leverage which 
reduces the speed of the pattern by a factor of the order 
MOL 2. 
< o These observations show that scintillation fading rates are 
directly related to the transverse velocities of the pulsars, with 
no appreciable contribution from velocities within the interstel- 
lar medium. This is in accordance with observations by Galt 
- and Lyne? who used simultaneous reception at widely spaced 
Sites to obtain correct values for the magnitude and direction 
» of the velocity of PSR0329 +54. Some other observations, by 
















‘ceivers, gave a contrary indication, and found apparent 
reversals of velocity in the diffraction pattern: however, as 
= Hewish'' pointed out, these may have been the effect of 
-frequency drifts in the pattern combined with small differences 
‘cin receiver frequency. 

oo We now suggest that the apparent speeds deduced from 
-= scintillation measurements alone may provide a useful indica- 








t distances so large that proper motion itself cannot be directly 
observed. 
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Rings formed with the birth of a planet are doighi: to arise 
after planetary condensation, from material remaining within 
the outer accretion limit—which hasa radius of approximately 
two planetary radii, depending on the density of the material 
and the relative size of the particles’. Although the initial 
distribution of particles would be spherical, collisions would 
cause rapid evolution of the particle orbits into circular orbits 
in the equatorial plane of the planet’. Also, gaps might form i. 
at the position of strong resonances with the planet’s satellites, n 
in an otherwise broad ring. Observations of planetary rings at 
high spatial resolution have revealed a more complex situation. 
The nine confirmed uranian rings are narrow, not broad, and: 
most have elliptical orbits, not circular. Furthermore, the _ 
Voyager observations have shown that Saturn’s rings consist 
of a multitude of narrow ringlets, at least some of which hav 
elliptical orbits. Here we report an additional feature that we 
have found for the uranian ring orbits, not predicted by current 
theoretical models: at least seven of the nine rings have orbits 
inclined to the equatorial plane of Uranus. : 
The kinematic models for the uranian ring orbits have 
become increasingly sophisticated as more occultation timings © 
have expanded the data base over the past 5yr. The first 
kinematic model* included only the a, B, y and & tings. It. © 
assumed their orbits to be circular, in a common plane that is 
coincident with the mean orbit plane of the five known uranian 
satellites. This would presumably be the equatorial plane of- 
Uranus. The first improvement to the original model was made- 
by Nicholson et al.°, who demonstrated that the e ring is 
elliptical and precesses under the influence of the first spherical 
harmonic in the uranian potential field. Following this, elliptical 
models were formulated for all the known rings, and six of the — 
nine were found to have measurable ellipticities°®. The most. 
complete model” treats all nine rings as co-planar ellipses, . 
precessing under the influence of the first two even harmonics 
of the uranian gravity potential; this model also includes th 
coordinates of the common orbit pole as free parameters. 
model included 43 free parameters and was fitted by le; 
squares to 105 occultation timings. The r.m.s. post-fit residua 
from this model is 0.31s per degree of freedom, somew 
larger than the error of an occultation timing, which is < 
in most cases. Hence, Elliot et al? concluded that this d 
crepancy implied that modelling the ring orbits as co-plar 
ellipses is not adequate and the situation must be more compk 
ii ae not e on the basis of traditional nodi 








































































Os, the angle ce. the line of nodes of the. ring orbit and 
a common reference line in the equatorial plane. PS a 
An inclined, elliptical ring undergoes both precession. in it 
orbit plane and rentression ot. its oo nodeg; The rate 
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Fig 1 Eccentricities (@) and inclinations (©) of the uranian 
rings. The eccentricity and inclination (in rad) for each of the nine 
presently known rings is plotted against the semi-major axis. 
-< Except for the eccentricity of the e ring, the es and is show a 
-decreasing trend with increasing semi-major axis. The eccen- 
tricities of the ņ and y rings, as well as the inclinations of the n 
and £ rings, are not large enough to be statistically significant. 


_ precession, 7, is given to second order in i, e and J, by the 
FApLESsION 


-C GE ae) o 
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where the terms have their usual definitions’. 
te of nodal regression, Q, is 


o=-(2) rc) (1+2e?-i2/2) 


Similarly, the 








-1(8) (154.4943) (2) 
itted our expanded model to the available set of occultation 
ings, which included those used previously and a new set of 
timings (see Table 1) from observation of the 26 April 1981 
u tion ‘by. Uranus and its rings with the 3. 9. m AAT”. The 















teviously’. The requits: of the fit aes no ‘substantial 
ge oa the other parameters of the 2 model, but seven of 


: = onthe consistency of our results, we , also fitted 
ee he ieee and repression rates a and 






om ay bry obtained | irom this fit are plotted i in 





increasing ‘semi-major axis—a patt rn noted earlier’ for the - 


eccentricities, which remains in our present. model. The ering 


has an exceptionally large eccentricity compared with the other _ 
rings, but its inclination is consistent with zero. For all rings © 
(except g) the value of ae ~ai (within a factor of. 4). Also, our = 
results show that e >i for rings 5, 4, a, 8 and e. For rings 6, — 
y and 6 we find i <e, but this result lies within the Uncertainty : 
imposed by statistical errors. a 7 
The widest eccentric rings—a, B and e—have ben. shown Pa 
to be in uniform precession”, °, probably by the mec 
self-gravity''. The uniform precession implies ‘strean 
orbits, so that there is a gradient of as and es across: 
Inclined rings in uniform precession would -necessa 
inclination gradients within the ring. Such gradients, woul ibe | 
more difficult to extract from the data than the- eccentricity pi 
gradients, but we shall attempt to do so soon. n 
So far there has been little theoretical discussion about the 
significance of inclined rings. One way to form an inclined ring 
would be through the capture and tidal breakup of an incident, 
small body, which would almost certainly have an orbit inclined. 
to the equatorial plane of Uranus'*''*. This explanation is highly 
unlikely for the inclined uranian rings, because the inclinations 
are so small. The shepherd satellite model for narrow rings** 
can apparently account for orbital eccentricities’*, and accord- - 
ing to Goldreich and Tremaine (personal communication), — 
orbital inclinations could be produced if the shepherd satellites 
have inclined orbits. However, the ability of this model to 
account for orbital inclinations has not been examined in detail. 
Even after inclinations have been included in our orbit model, 
we note that the r.m.s. residual per degree of freedom (0.14 s) . 
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Fig. 2 Precession rates fa) and regression rates . (6). The pre- Ak 
cession and regression rates for all rings having both a statistically 
significant inclination and eccentricity were fitted (not calculated be 
from J, and J4), simultaneously with all model parameters (except. 
J; and J4) allowed to vary in our previous fit (see Fig. 1). The |. 

results Sate? well with the. ates calculated from equations a and i 

og with fitted values for tJa and Hi oe lines): ae 














__Table 1 Midtimes* of uranian ring occultation 





- Emersion 


20:17:50.43 
20:18:11.02 
20:18:27.774 
20:20:18.76 
20:21:05.74 
20:22:21.60 
20:22 :44.16 
20:23:18.05 
20:25 28.10 


Immersion | 


19:18:56.56 
19:18 :31.03 
19:18:19.24 
19:16:30.51 
19:15:42.38 
19:14:25.46 
19:14:02.63 
19:13:29.49 
19:11:10.02 
















* On 26 April 1981 UT. 
-Y The occultation times for the n ring refer to the narrow core at its 
< inner edge’. 


of our model is still significantly larger than the error in deter- 

mining a ring occultation time. Hence, further improvements 
_ to our model should result in even more information about the 

‘Uranus system. 
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[hirring’s solution’ for a rotating spherical mass is cited often 
s an example which exhibits induced Coriolis and centrifugal 
es in general relativity*’. Previously, it was pointed out* 
at the ‘centrifugal terms’ proportional to the square of the 
' velocity actually represented quadrupole effects. These 
arose as a consequence of the latitude-dependent veloc- 
stribution which generated an axially symmetric (non- 
) mass distribution. This raises the question: Are there 
o Einstein’s equations which exhibit induced cen- 
e? If no such solutions exist, then the concept of 
n Of inertial frames breaks down. Such a lack 
rection between rotating masses and induced. inertial 































rotation would in turn imply a breakdown of the 




















(other solutions may also be of interest in this connection“). 












As pointed out elsewhere’, velocity-dependent densit distr: 
butions can give terms easily misinterpretable as centrift 
force—a difficulty which can be circumvented by treati 
body for which the symmetry of the density distributio 
velocity-independent; such a body is a rotating cylindrical shel 
Other important advantages of this choice of source geom 
are that it generates a simple geometry within the shell, 
is, the flat space-time (ref. 9 and W.J.S., unpublished ‘thesis’ 
and the solution is exact. When written in the approp 
coordinates, flat space is well understood and easily interprete 
Furthermore, as the solution is exact, no ambiguities arise du 
to approximations. l | aan 

A rotating cylindrical shell can be treated using a generaliz- 
ation of the Weyl-Levi-Civita’”|! metric OL oe 


ds? Gai -e*t dr? +e% dr? +dz 2) 47? e (de -Adi paa 














































and the corresponding vacuum field equations 
Vy = 4r? e “YN. VNO 
V- (Pe VO) =0 Oy 


derived by Ehlers’* and later independently by the authors (ref. 
13 and J.M.C. and W.J.S., unpublished). Here V and V? are 
the usual flat space operators. The function y is determined by ee 
quadrature from the equation a 


van -ir enn (3) 


where the subscript denotes differentiation with respect to r- 
and cylindrical symmetry has been assumed so that the deriva- 
tives with respect to z vanish. Inside the shell of uniform densit 
the only non-singular stationary exact solution is the flat space | 
metric in rotating coordinates OB ees 


ds? = ~di?+dr?-+dz?+r°(de—-dt)? (4) 


where Q is a constant. This rotating form of the flat space-time 
is used to obtain an explicitly smooth match across the rotating 
shell; this form also facilitates an unambiguous identification. 
of the Coriolis and centrifugal terms. The metric outside the- 
shell can be obtained from the. Weyl~Levi-Civita metric via the. 
multivalued transformation dz’ = dt+Kd@ where K isa con- | 
stant. The matching across the shell relates the constants Q and | 
K to the mass per unit length and angular velocity w of the 
shell. | 7 Ey mi 
It is generally known that the geodesic equations correspond- 
ing to the flat space-time metric (3) contain Coriolis terms. 
proportional to 1 and centrifugal terms proportional to 7. 
The frame in which all these terms vanish simultaneously is 
defined as the inertial frame, When the angular velocity w of 
the shell vanishes, N also vanishes. Thus, ( can be interpreted 
as the induced angular velocity associated with the dragging 
inertial frames. We conclude, therefore, that there are solutions 
of Einstein’s equations which exhibit induced centrifugal a 
well as Coriolis forces in accordance with Machian ideas. _ 
This work was supported in part by the NSF. ) 
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WVith the advent of the space shuttle era, increasing rocket activity 
s expected in the Earth’s upper atmosphere. The space shuttle 
solid-fuelled booster rockets emit ~150 tonnes of alumina 
-(AL0;) particles per launch, much of which spreads throughout 
‘the upper troposphere and stratosphere’. Such particles can 
: seed aerosols and clouds, and might therefore cause changes 
in the terrestrial radiation balance and climate’. Estimates are 
made here showing that average ice nuclei concentrations in 
the upper troposphere could increase by a factor of 2, and that 
an aluminium dust layer weighing up to 1,000 tonnes might 
_ eventually form in the lower stratosphere. 
~The morphology of alumina particles collected in high- -alti- 
tude Titan exhaust trails may be summarized as follows” 
‘typically smooth and spherical with occasional deeply- grooved 
-surface structures; hexagonal a -Al,O, or cubic y-Al,O; crystal- 
= Jography; heavy-element composition dominated by Al with 
smaller amounts of K, Na, Ti, Fe and Si; trace quantities of 
chlorine adsorbed on surfaces; and densities in the range of 
~1i5 to ~3.5gem -3 suggesting individual particles with a 
_ porous or hollow construction. 
Previous theoretical investigations” © focused on the role of 
: AlO; particles as stratospheric condensation nuclei (CN, con- 
sidered here as particles capable of nucleating supersaturated 
o sulphuric acid vapour). However, space shuttle Al O, particles 
emitted in the stratosphere eventually filter downwards into 
the troposphere, after being widely dispersed over the hemi- 
sphere of injection. Inasmuch as alumina provides an excellent 
ice-forming epitaxy’, they might contribute significantly to the 
population of background ice deposition nuclei (IN) at high 
-altitude. IN produce ice crystals directly from the vapour phase 
at low temperatures (—5° to —25°C) and supersaturations 
(210%, or equivalently, relative humidities over ice ~100- 
410%). Cloud condensation nuclei (CCN), which can nucleate 
liquid water droplets at supersaturations <1% , are not subject 
) great influence by space shuttle emissions on a global scale. 
-Parungo and Allee? and Hindman and co-workers? 
studied IN concentrations in the stabilized ground clouds of 
solid-fuelled Titan rockets, which emit copious quantities of 
| AkO; dust. They also discuss related laboratory data. Recogniz- 
ing that the conditions in ground clouds are quite different from 
the conditions in high-altitude launch plumes, a consensus of 


ction of IN by rocket engines, perhaps as many as 10°° IN 
‘ gramme of fuel burned (active at —16° to —20 °C and 101% 
e humidity over ice). 

o estimate the accumulation of space shuttle IN (or SSIN) 
ie upper troposphere and lower stratosphere, a comprehen- 
mne-dimensional model of multicomponent atmospheric 
sols was used'***, The model segregates sulphate aerosols 
unnucleated CN particles, and keeps track of the amounts 
ifferent CN materials incorporated into the aerosols by 
eation and coagulation. In this manner, the ALO, com- 
onent of aerosols in the size range from 0.001 to 10 um radius 
(subdivided into 40 distinct size bins) was calculated for the 
size- and height-dependent ALO, particle deposition rate 
associated with the space shuttle. The aerosol physics | and 
hemistry treated in the model are discussed elsewhere'*. In 
present simulations, micrometeorites, which are the 
inant natural stratospheric particles above ~1 um radius, 
eglected; ‘their presence does not materially alter the 
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ne ground-cloud research nevertheless points to copious pro- 


over the Northern Her isph ere | id 
a continuous injection. tate’. All of the aan burned was i 
assumed to condense as dust. Particle interactions in the rocket ` 
wake were ignored, as these interactions act mainly to reduce 
the particle population below ~0.01 pm radius (see below). 
ALO; particle injection above 8 km was included in the calcula- 
ete the total mass deposition amounting to ~5,000 tonnes 
', The size distribution of the injected particles (the number 
aeda per cm’ of air per pm radius) was taken to be constant 
below 0.01 um radius, and to vary as 7~™° above 0.01 wm. The 
latter dependence, with a in the range 3.5-4.5, is suggested by _ 
direct sampling in Titan exhaust plumes’ 89 The avei age par- 
ticle density was assumed to be 1.7 gcm™*, which emph 3 size pin 
the number deposited. pa 
The ALO, particle nucleation time in the stratosphere, Tas 
and the aerosol ‘rainout and washout’ lifetime in the tropo- 
sphere, 7, were parameterized in a simple manner. For- 
aluminium oxide dust, a fixed, relatively short nucleation time 
of 100 s was assumed as a base case’®. Longer nucleation times 
up to 10°s were also tested. The simulated rainout loss rate 
decreases linearly from the ground-level value 7, ree zero at 
the tropopause’*. The baseline rainout rate of 10°°s"' at the 
ground translates into a rainout ee of ~10°7 s7 eae 10 km; 
ground-level rates as small as 10°’ `° were alee considered. 
To estimate the concentrations of SSIN in the upper tropo- 
sphere and lower stratosphere using model predictions, three 
factors were taken into account: the composition of the par- 
ticles, the extent of surface poisoning, and the size of the 
particles. The average composition of the sulphate aerosols in 
a given model size bin, i, is specified by the material volume 
fractions, f,(/), where j is a material index. Similarly, the volume 
fraction of material j in CN of size i is ff" (J). In the present 
work, the aerosol materials consist of three types: sulphuric 
acid aqueous solution, ‘tropospheric’ particulates, and 
aluminium oxide dust. The CN are composed of only the last 
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Fig. 1 Calculated stratospheric aerosol size distributions at 20 km with 

space shuttle particulate injection. 52 shuttle launches yr” * with emissions 

averaged over the Northern Hemisphere, were assumed. In each calculation, 

a nucleation time of 100s was used (see text). Observations are compared: 
O; data from ref. 3 for Al,O, at e: km, multiplied by 10. 
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Water vapour supersaturation (%) 


Fig. 2 Calculated space shuttle ice nuclei concentrations at 10 
and 20 km altitude corresponding to different water vapour/ice 
$ upersaturations. The results were obtained for 52 shuttle launches 
per year with emissions averaged over the Northern Hemisphere, 
ust emission size distribution of r ~45 and a nucleation time 
constant (7,,).of 100s. Estimates of the maximum (solid line) and 
; erage (dashed line) IN concentrations are given (see text). Also 
i indicated are the minimum radii of spherical ice nuclei for several 
ee water vapour supersaturations at —30 °C. 











: two materials. The maximum number of CN identified as active 
= SSIN in each model size bin was taken as the fraction, fo" (Al), 
Of the total number of CN in that size bin. Nucleated CN are 
classified as acid aerosols in the model, and are discussed below. 
Possible deactivation of ALO, CN by coagulation with back- 
_ ground ‘tropospheric’ CN was neglected in the stratosphere, as 
_ the background CN concentrations are so low (<10 cm™°). 
For H-SO, aerosols, two estimates of the SSIN concentration 
were made (and added to the CN SSIN concentrations derived 
ibove). They are a ‘maximum’ number and an ‘average’ num- 
yer. Such an approach was called for because the precise extent 
the poisoning of individual alumina particles cannot be 
__ predicted with the model. Rather, the average sulphate and 
_ ALO; composition fractions of all the aerosols in a given model 
size bin are predicted. 
-o The maximum concentration of (nearly) pure Al,O; particles 
. identifiable among the total population of aerosols in size bin 
_ 4 was first estimated as 


n(ADm = nif (AD (1) 












|- Predicted space shuttle ice 20 
ei (SSIN) concentrations in the 
‘stratosphere and upper 
troposphere. The cases shown are: 
a t= 100 S Ty = 10° sib, r$, 
Ta = 100s, T= 10° Si GF r745, aia 

‘100s, 7,=106s; d, r“ ? T, = 10° s, 
t,=10’ sier ~4 n= 10° s,7,=10°s 
(see the text for an- explanation of. 
hese parameters), In cases a-d, 52 
huttle launches per. year were 
umed, with the effluent ‘spread — 
iniformly over the Northern Hemi- 
re. In case e, a 10-fold increase 
he numbers of launches was 
med. A minimum nuclei radius 
01 um was used to estimate the 
yundances. Maximum (solid ¥2 
nd average (dashed line} num- 

f. AbO; nuclei are shown. A, 
edi ice. nuclei concentration in 
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information on ‘the aral core size “distribution 4 n 
the core volume moment fraction, h;, which i isa meas i 
size dispersion of. the, cores in aerosols of size i, ind 
of core composition’*. It can be shown that using 
[where f=}; f(D]; the maximum number of essenti 
core aerosols may also be approximated as 


ni(core)m = n:[h? =f? U +h? - af] 


Accordingly, the maximum concentration of aerosol 5 
size i was taken as the lesser of n;(Al),, and n;(core),,. 
The ‘average’ number of aerosol SSIN was calcul: 
assuming that all of the aerosols of size i have an avera 
coating, or film, of contaminating material (mainly liquid 
phuric acid). If, in any size bin, the contamination amounted 
to more than a uniform monolayer coating =4A thick, all of 
the aerosols in that bin were considered to be poisoned. 
The effect of particle size on the activity of rocket nuclei wa 
estimated in two ways. In one case, the SSIN concentration 
deduced above (including the contributions of CN and dropl 
were truncated to exclude particles <0.01 ym radiu os 
particles generally require supersaturations exceeding ~10% ; 
to cause nucleation at ~— 20° to —30°C (refs 16, 17). In the 
second approach, the effect of particle size on the water vapour 
pressures of small ice spheres was calculated using the Kelvin — 
relation”. At a temperature of —30°C (adopted to estimate 
the critical size at each altitude) the minimum nuclei dimensions: 
corresponding to water vapor supersaturations of 1, 10, 50, 
100 and 900% are 0.19, 0.020, 0.0046, 0.0027 and 0. 0008- zem, : 
radius, respectively. ae 
Figure 1 shows projected aerosol size distributions at 20 km 
for several different Al O, emission size spectra, r~*. In the 
size range 1-10 um, the aerosols are essentially pure alumin 
(>95% pure). The data of Brownlee et al,’ are plotted fo 
comparison. The close agreement between the observed size 
distribution and the computational results suggests ‘that the 
present shuttle simulations are physically reasonable. Brownlee _ 
et al.” estimated the global stratospheric burden of ALO; in | 
1974-5 as ~100 tonnes. The stratospheric lifetime of particles 
in the size range 1-5 um is ~1 month, implying an Al O; mass ` 
input rate of ~1,000 tonnes yr~* worldwide. The space shuttle — 
calculations in Fig. 1 yield ~10 times as many rocket alumina r 
particles for a hemispherical input rate of ~5,000 tonnes yr™*, 
in clear accord with the Brownlee et al. observations, . The : 
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ne sanden ion and E can ‘be neglected, then the 
resultant atmospheric aerosol size distribution. depends on 
‘radius roughly as r~*~°, where £ is the exponent of the radius 
dependence of the particle fall velocity; that is, v(r)ocr*. In the 
lower stratosphere, 1< 8 <2 for particles with radii in the size 
range 1-10 um. Thus, for Al O, rocket particles one expects 
aie +8)<6, as is found in Fig, 1. 
`- Figure 2 illustrates the influence of water vapour supersatur- 
z ation on apparent SSIN concentrations. As expected, higher 
supersaturations yield larger IN abundances. The abrupt 
. increase in the ‘average’ IN curves at $ values of 40-80% is 
© due toa substantial number of nearly-pure rocket dust particles 
at sizes below ~0.01 um. For meteorologically significant 
< Supersaturations (<10%), the average number of IN in Fig. 2 
_ is nearly four orders of magnitude smaller than the maximum 
ue number of IN. The difference represents, in one sense, the 
uncertainty in predictions of rocket IN abundances. 
-Predicted SSIN concentrations in the upper troposphere and 
lower stratosphere, for various physical parameter values, are 
given in Fig. 3. Several trends in the data are noteworthy. As 
in Fig. 2, with fast ALO, nucleation (7, = 100s), there is a 
difference of a factor of 10* between the ‘average’ and 
. ‘maximum’ numbers of SSIN. Obviously, there is ample sul- 
< phate material present in the atmosphere to contaminate most 
-= Of the injected dust grains. The maximum SSIN concentrations 
would apply if ALO, particle surfaces were not efficently 
nucleated and poisoned by H,SO, vapour (see, for example, 
eases d and e in Fig. 3). Comparison of cases b, d and e suggests 
that the average SSIN concentration is roughly proportional to 
~ r=", In other words, once nucleated, most ALO; grains accumu- 
late enough sulphur vapour to be poisoned (in the model). 
Rainout has a much smaller influence on SSIN concentrations; 
the residence time of injected particles in the upper troposphere 
4s controlled primarily by vertical diffusion (for the cases 
> studied). 
o One might expect a short nucleation time (7, ~ 100 s) to apply 
to AkO; dust released in the upper atmosphere. For one thing, 
the H,SO, supersaturation ratio between 10 and 20 km altitude 
¿is quite large, ~10*-10° (ref. 16). Hence, adsorption of H.SO, 
on alumina surfaces should commence immediately on injec- 
tion. Continuing growth of the dust particles larger than the 
-critical (Kelvin) size would also be guaranteed. However, a 
factor which causes the effective nucleation time to be much 
longer is the time required to deposit a monolayer of acid 
molecules on the dust grain surfaces. The ambient quantity of 
~ H,SO, vapour available in the neighbourhood of the launch 
plume is insufficient to coat more than a few per cent of the 
rocket particles. Nevertheless, it may be demonstrated that, 
¿within a day or so, individual launch plumes are dispersed 
widely enough for extensive acid adsorption to occur. This does 
iot take into consideration the HCI vapour in the early launch 
plume, which acts to poison the dust surfaces at high concentra- 
ons”, but appears to activate the surfaces at low concentra- 
is’*. Accordingly, an effective dust nucleation time <10°s 
pears to be most appropriate for stratospheric conditions. 
Aany of the SSIN residing in the upper troposphere are 
cted between 8 and 12 km. At these altitudes, the transient 
-space shuttle launch clouds should be considered. Case e in 
. Fig. 3, which corresponds to a 10-fold enhancement in the 
average shuttle particle deposition rate, might crudely forecast 
- the elevated IN concentrations to be expected in isolated launch 
plumes. 
~The maximum number of rocket IN that could be generated 
| from. 1 g of fuel, based on an r~* Al,O; dust size distribution 
we pda minimum activation radius of 0.01 um, is ~10*5 IN g`’ 
This number corresponds closely to the maximum number 


` predicted by the model. By contrast, Hindman et al.’ measured 








~ Typical. Paon neared at ¢ cirrus cloud heights i 


are indicated in Fig. 3 (ref. 17). Maximum concentrations of | 


ice crystals observed in cirrus clouds are also shown. Based on © 
a comparison of measured and predicted IN concentrations, 
and the previous discussion, we conclude that planned space _ 
shuttle activity probably will not increase the global abundance. 
of ice nuclei at cirrus cloud levels by more than a factor of 2, - 
although larger transient increases might occur locally. Injected y 
space shuttle alumina particles, on the other hand, could. 
enhance the concentrations of stratospheric aerosols in the size ~ 
range 1~10 um radius by a factor of 10 or more, creating in 
the stratosphere an aluminium oxide layer exceeding 1,000- 
tonnes in weight. 
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The date at which the Earth’s hydrosphere came into existence 
is unknown. Although all current geological models for the 
very early Precambrian predict or suppose a hydrosphere’~ 
there are difficulties in reconciling this with geological and : 
astronomical theories of planetary formation. Furthermore the . 
effect of a substantial hydrosphere on the Precambrian climatic _ 
environment is difficult to determine. Recent developments — 
make it possible to synthesize a picture of this environment — 
during the 700 Myr preceding the deposition of the oldest | 
known sediments’. We attempt such a synthesis here, drawing A 
together work on, the dynamics of accretion from the proto- 
planetary nebula®” and of planetary differentiation’, on the role- 
of volatiles in impact cratering™™®, and on the composition ™?, 
isotope systematics™?" and radiation climatology?’ of the 
early hydrosphere. We can reconcile these diverse contributions 
if the hydrosphere—the inventory of excess volatiles'— is 
allowed to differentiate during accretion, with most of the H,0 i 
and CO, going rapidly into oceans and sediments. Both gradual 
outgassing” and a massive CO, atmosphere’ are unlikely, and 
a reduced mantle beneath a neutral hydrosphere is not parad- 
oxical’*"’, Results from both a one-dimensional radiative- 
convective (1D RC) model and a general circulation model 
suggest that self-regulating mechanisms are important in- e 7 
climate of this iene dbs ciel 
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e idea of early degassing’ now seems mo 





degassing. The possible histories which cannot yet b 
















wing planet tends to ‘reject’ icy impactors®’. That is , the 
+ ratio r (ejecta mass escaping the planet/impactor mass) is large 
= when the impactor density is small, and metals and silicates 
“.accrete much more readily than do ices; r depends also on 
impact velocity, however, and during growth the velocity 
- needed for net erosion (r> 1) increases. In the late stages of 
_ growth only the most energetic impactors actually sputter the 
surface, and because the planet has depleted its source of 
K  planetesimals the latest arrivals are previously-rejected, vol- 
¿z atile-rich bodies. This inhomogeneous accretion”? yields an 
outer layer of more or less volatile-charged silicates, which 
- separates efficiently into veneer and substrate under the 
influence of repeated impacts. Vapour volumes exceeding 
impactor volume are produced in a large proportion of 
-impacts*’°, Hydrous and carbonate vapours disperse more 
widely, and precipitate less completely, than silicate vapours’, 
The earliest mantle, with volatiles strongly concentrated 
upwards, was thus overlain by an impact-processed protocrust, 
. hydrated and carbonated but of uncertain thickness. Two points 
deserve emphasis: 
First, geothermal energy sources were much larger during 
_ accretion than at any later time; models with outgassing due 
- to radioactive warmup”’, or similar gradual processes, now seem 
_mechanically and thermally improbable, and it is safest to 
conclude that the excess volatiles had a mass comparable with 
_that of the present by the time accretion was completed. 
-~ Second, enrichment in Xe of Earth-interior gases with 
_ fespect to the present-day atmosphere and to Archaean 
_. shales**** requires outgassing of the atmosphere within a few 
half-lives (17 Myr) of '°?I, with negligible net additions since 
3,300 Myr ago**. The history described above explains this 
- Important observation well. 
-> Itis important to consider the oxidation state of the early 
-hydrosphere. It seems to be accepted that HO and CO, were 
_. Significant components even of the earliest atmosphere'', but 
questions persist over the reduced species H,, NH, and CH, 
Modern volcanic gases have elemental bulk ratios similar to 
_ those of the excess volatiles'*, and have high-temperature low- 
__ pressure equilibria’*'*; they seem to sample the modern hydro- 
Sphere, but not necessarily the juvenile source durin g accretion. 
The lower continental crust seems to be anhydrous", its vol- 
--atiles dominated by CO,. This is consistent with empirical 
_ thermodynamics”, as is the observation that the upper mantle 
_ isstrongly reduced*'*"°. The modern mantle seems to be closer 
o- equilibrium with the core than with the hydrosphere. This 
pattern would evolve from our picture of accretion if (1) some 
f the H, in a reduced proto-mantle went to the core”? and/or 
the primitive outgassed volatiles were reduced. In case (2) 
nust explain how and when the hydrosphere lost its evolved 
ad gases. 
: primary control of atmospheric H, is escape from the 
the atmosphere’', which for exospheric temperatures 
00 K is controlled by hydrogen diffusion into the upper 
here. Most OH and H radicals, from photolysis of H,O 
nple, will recombine, and only a fraction of the hydrogen 
om below actually escapes (as H). Likely values” of 















































re were not restricted, the early Earth could 
excess of hydrogen rather efficiently. In an early 





d are very diverse, but the Earth probably grew over. 
or more“ from a population of planetesimals, the largest — 
3 a mass not less than 1/500 that of the total accreted _ 
ss . Not all of the impact heat is radiated away. Some of it 

i, and it sets up convection in the outer accreting layer — 

gers formation of the core, perhaps as early as accreted — 

-0.1 x final mass. The energy released by core formation’, 
by subsequent steady settling of dense phases, establishes _ 
ction throughout the growing mantle, and volatiles — 
ntiate upwards as iron phases segregate downwards. A © 


‘upwards as the temperature inversion at the tropopaus 
be absent. A great excess of hydrogen, if produced by 
body impact, would blow away very rapidly, possibly i 


00 K, a. temperature at which, if diffusion into the ©. 





















tratosphere*? might indeed allow more H,O vapou 
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minutes”. | 
Other reduced constituents are also unlikely to p 
Ammonia is highly soluble in water and would be rem 
rapidly by rainout and by solution at the ocean surface. It woul 
also be destroyed by photolysis”®. It has been calculated 
mixing ratio of <10°* of NH; will convert irreversibly to 
<40 yr (ref. 27). Methane photolyses at wavelengths < 

where the incident solar flux is two orders of magnitude 
than in the region important for the destruction of NH; (A 
230 nm), and where atmospheric water vapour will provid 
substantial shield’. CH, is rapidly destroyed above 100 km 
(ref. 29), but at the surface it appears much more stable, 
However, photolysis of H2O vapour forms large quantities of- 
OH, an important intermediary in the methane oxidation chain: 
At an OH concentration of 10° cm”? in the early troposphere”, 






























































the life time of CH, at the surface is <50 yr. 
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Fig. 1 Four likely configurations of the atmosphere/hydrosphere of the _ 
early Earth. The calculated fluxes have been normalized to the incident 
solar radiation of the standard case (1) (100 units=į of 1,100 Wm 
Solar fluxes (open arrows) are on the left of each sketch; upward arro 

_ represent atmosphere (left) and surface (right) reflection. The wavy arro 
represents convective heat flux from the surface, and infrared fluxes are o 
the right (solid arrows). Note the variations in mean cloud cover (per cent 

`- and cloud height (km) at right. oo 
























e-convective model results 



































































‘Prescribed — 


~~ Incident solar radiation 1,100 1,100 1,100 1,067 
(Wm) 
Surface albedo 0.05 0.10 0.10 0.05 
CO; (p.p.m.v.) 1,650 1,650 330 1,650 
Results 
» T(K) 277.0 273.8 270.2 274.1 
Cloud cover (%) 39.0 348 313 35.8 
._ Mean cloud height (km) 448 3.71 3.99 4,32 
- Planetary albedo 0.23 024 0.23 0.22 
Greenhouse AT (K) 29.7 27.7 22.9 28.3 


-The greenhouse temperature increment (present-day value ~33 K) 
is. T,~- (SU -A)/ 4or]'’*, where o is the Stefan—Boltzmann constant, A 
is the planetary albedo and T, is the mean surface temperature. 


_. Henceina water-vapour-dominated atmosphere neither NH, 
nor CH, can persist, H, escapes rapidly, and a reduced-gas 
greenhouse is at most transient, dissipating on time-scales 
shorter than that of accretion. Greenhouse warming was con- 
‘trolled by the amounts of CO, and H,O vapour in the early 
atmosphere. 
We assume that there is always enough greenhouse gas to 
avoid the very stable** ‘deep freeze’ predicted by some models 
`: of the present-day climate. Note, however, that little reliance 
-o can be placed on predictions made by EBMs”™ unless careful 
consideration is made of the changes in the horizontal advection 
term and the effect of clouds on the planetary albedo. We 
_ assume further that surface albedo was controlled by the pres- 
ence of liquid water, as exposed land was probably less extensive 
-(0-10% of total planetary surface) than during the Phanerozoic 
(20-30% )**. The earliest topography was probably unimodal, 
with a few kilometres of relief on a mechanically weak proto- 
crust shaped by large impacts. The continental mass has 
increased in the course of time™%?, and high-standing con- 
“tinents probably did not appear until after the end of accretion. 
= „A massive CO, atmosphere, Peo, = 1,000 mbar, is unlikely. 
Itis not necessary in our model to invoke a passage of CO, 
from atmosphere to sediments on the long time scale of con- 
~ tinental differentiation’, because carbonates would form in the 
aftermath of large-body impacts. In any case, the Pco, of a 
surface mixed layer (say 50m deep and covering 70-100% of 
the planet) would equilibriate with the atmosphere in a few 
months or years. CO, downwelling, and reaction with the sea 
~ floor at geohydrological (a few times 10* yr)” and geological 
(= 10°-10’ yr) rates, would increase with atmospheric COd. 
Massive quantities of both liquid water and gaseous CO, are 
thus not compatible for more than short times. We choose 
--CO,= 1,650 p.p.m.v. (5x PAL) in the work described below. 
Actual concentrations might have been much higher. However, 
ur results (Table 1) suggest that if they were of the order of 
00,000 p.p.m.v. (refs 2, 11) the Earth could have evolved into 
runaway greenhouse. The hydrospheric feedbacks we describe 
ive temperatures warmer than those of a non-interactive model 
th for reduced solar flux and for increased levels of green- 
use gases’’. Some early, non-hydrothermal”” sediments do 
uggest deposition from warm water*", but there is no evidence 
-a runaway greenhouse in the geological or geochemical 
records. 
© Atmospheric water vapour concentration depends primarily 
on T,. Cloud effects have generally been simulated crudely or 
_ neglected in studies of the early atmosphere”? ™* and this may*” 
be a serious omission. We explore cloud effects with the GISS 
1D RC model” due to Lacis, incorporating an interactive cloud 
prediction scheme” which makes the model much less sensitive: 
B<=80, down from 8 =100 as found in prescribed-cloud 
podels™. (B = SAT/AS, where S is the present-day solar con- 
int.) At each altitude, cloud cover depends on the water 
mixing ratio which is calculated from the mixing ratio at the 





Case 1 Case2 Case3 Case4 MO 


US b ath r n ; ie o $ uL pi 
nodels a fixed lapse rate of 6.5Kkm™ and fixed relative 


at levels with T <246 K they are assumed to be ice rather than 
water clouds and the effective particle radius and optical depth 
are adjusted accordingly. Since the cloud cover is predicted by 
the model, the feedbacks are internally consistent. In particular, 
an increase in high, optically-thin clouds tends to feed back 
positively on temperature”. TE. 

Our standard state is shown as case (1) in Fig. 1 and Table - 
1. The solar flux is 1,100 W m° (80% of the present-day flux**), 
and the albedo and atmospheric CO, are consistent with our... 
model for the close of accretion. T, is 277 K, warm enough to. 
support liquid water. The dark surface, and IR absorbers in 
the atmosphere, contribute to a greenhouse effect almost as: 
large as it is at present. The albedo is rather low; if we increase 
it to represent a substantial emergence of land (case (2)), T; 
drops to 274 K. If we next reduce CO, to its modern value 
(case (3)), perhaps representing consumption of CO, in silicate 
weathering, the greenhouse is weaker (23 K), although even 
now at T, = 270 K the oceans will probably not freeze over. A 
largely ocean-covered Earth’™®* is extremely difficult to glaci- 
ate. The pole-equator temperature gradient is likely to be 
smaller than today; but even with temperatures significantly.. 
<273 K at the poles, the absence of large land masses either. 
to be the site of glaciers or to constrain oceanic circulation is — 
likely to inhibit severely ice formation. | 

Note that the calculated temperatures (cases (1)~(3)) prob- 
ably represent the lower limit to the evolutionary curve of T.. 
This is because we have chosen to include the smallest likely 
CO, concentrations to focus attention on the feedback effects: 
operating as a result of the existence of the hydrosphere. Des- 
pite this minimization of the CO, greenhouse effect, the lower 
limit temperature curve presented here is physically reasonable 
and is consistent with the geological data. This is because the 
sensitivity, 8, of the interactive-cloud 1D RC model’? is lower 
than that of any other climate model. If cases (1), (2) and (3) 
followed each other, as they well might have, then glaciation- 
becomes more likely with time. More importantly, however, 
the interactive-cloud model continues to predict a stable cli- 
matic régime in the face of these radical climatic pertur- 
bations. 

The most dramatic single perturbation of early climate is 
probably the large impact. Mass input rates were negligible in 
comparison, but such impacts certainly continued after the end 
of accretion; the lunar bombardment which formed Imbrium 
at 4,000-3,800 Myr may have obliterated evidence of still ear- 
lier bombardment**. The most significant atmospheric effects 
would probably be changes in the vertical distribution of water _ 
vapour and liquid water. The climatic perturbation due to'a- 
10’ kg impactor depositing ~10'°kg of water in the upper. 
atmosphere (only 0.2 x 10'° kg below 10 km) has recently been - 


calculated using the GISS general circulation climate mode aTa 


Changes were transient (with a decay time <1 yr}-and small- 
(temperature increasing by a maximum of 0.5 K after 5 months). 
Long-term effects are seen only if perturbations to the lower 
atmosphere are strengthened by continual replenishment of 
species*”**; positive feedbacks internal to the climatic system 
do not seem likely. l 

Placement of the vapour and debris at a much higher level 
in the atmosphere, it has been suggested’, may create a per- 
manent near-worldwide layer of mesospheric ice clouds, cooling 
the surface through a reduction of planetary albedo by several 
per cent. We can simulate this albedo effect by reducing solar 
flux to 1,067 W m~ (case (4) of Table 1 and Fig. 1). The result 
is a drop of only 3 K in T,, to 274 K, within the range of cases 
(1)-(3) and unlikely to lead to a global freeze-over. 

Comparable remarks hold for other perturbations. Even dur- 
ing accretion, interior convection can dissipate the input of 


























zani vitational heat if lava lake: 
fapour clouds, ejecta and melt pools. Buried heat 
s™ a geothermal flux due to radioactivity and energy 
ion, but even with extreme assumptions” this flux does 
ch 1 Wm”. Short-term changes with complex regional 












y will follow large impacts, but we have no evidence 
climate cannot recover from these sporadic intervals 
isturbance. 


ubstantial early hydrosphere, then, is both consistent with 








ts from a variety of disciplines and, as our results show, 
owerful in solving the paradox of the faint young Sun*’. The 
iost plausible date for its origin is at the very beginning. Most 
of its properties, and especially its stability against large, 
“irreversible changes of composition and climate, seem to follow 
if we identify the principal surface volatile as liquid water. There 
: was thus a long expanse of pre-Isuan time during which the 
_ Earth could have sheltered and nurtured organisms or their 
"precursors, and this expanse of time would surely repay closer 
_ We thank W. Rossow for helpful discussions in this work, 
= Which was begun while A. H.-S. was a NRC (US) visiting 
__fesearch fellow at the Goddard Institute for Space Studies. J 
__G.C. thanks NSERC (Canada) for support. 
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in principle, it is possible to phase the X-ray reflections from © 
a macromolecula’ crystal which contains one heavy atom per. 
molecule, without having recourse to the conventional method _ 
of multiple isomorphous replacement, by making use of- 
anomalous dispersion effects alone’. To do this, it is necessary _ 
to measure each reflection over a narrow range of wavelengths — 
centred on an absorption edge of the heavy atom, where f' and _ 
f”, the real and imaginary anomalous components of the scatter- 
ing factor, are varying rapidly. The availability of powerful 
synchrotron radiation sources with a continuous energy spec- 
trum has stimulated interest in such phasing methods, but me 
previously experiments’ have been limited to making measure-— 
ments on only one reflection at a time and/or to measuring at _ 
only a few discrete wavelengths near the absorption edge. We | 
are developing a method at the Daresbury Synchrotron Radi- 
ation Source (SRS) which produces an energy profile along an 
axis of each and every diffraction spot in a screenless oscillation 
photograph. We show here that the approach is feasible using 
a single crystal o heptahydrido bis (diisopropylphenyl)phos- 
phine rhenium using the Lin absorption edge of rhenium at a ~ 
wavelength of 1.1772 A. : 
The white synchrotron radiation beam from a storage ring 
diverges from a small region at the tangent point of the beam 
line. A narrow wavelength band can be selected from this beam 
by reflection from a crystal monochromator; a cylindrically 
curved monochromator produces a converging X-ray beam. At). 
the SRS protein crystallography station? the monochromator 
is a perfect crystal of either Si or Ge with the (111) planes cut 
at an angle a to the surface. The triangular crystal is clamped: 
at its base and deflected at its tip: in this way’ an accurately 
cylindrical curvature is achieved. mR 
There is one curvature of the monochromator for a given — 
Bragg angle (@), angle of cut (a), image (p’) and object (py) 
distances where all rays which are brought to a focus have been 
reflected at an equal angle so that they are all of the same _ 
wavelength. This ‘achromatic condition’ is usually referred to : 
as the ‘Guinier position’ of the monochromator. However, for. 
monochromator curvatures, R, other than that for the ‘Guinier 
position’, rays from a point source make different angles of 
incidence along the length, L, of the monochromator, overa 
range 5@..,, where?** a 
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. Fig. 1 When the monochromator curvature is not at the ‘Guinier 
position’ rays from a point on the source are incident at different 

angles: to different points along the length of the monochromator 
and are reflected at different wavelengths (energies). At a point 
in the focus, defined by the narrow slit, the converging rays possess 
-an exact correlation of photon energy with direction, The par- 
ticular curvature of the monochromator that is needed is that for 
which (03~ 61) = 80 cor, gives a Eor adequate to straddle an 
k absorption edge of interest (in this case rhenium L up. We assume 
| | point- to-point focusing, L « p, p’. 


= The subscript ‘corr’ refers to the fact that there is a subsequent 
“correlation of the direction of incidence of a ray towards the 
-focus and its (photon) energy. Maier~Leibnitz’ and later 
_ Thomas’ first described the use of a focusing monochromator 
in this way in a ‘modified Laue method’ for neutrons. 
_ By choosing appropriate angle of incidence and curvature of 
the monochromator the band-pass (5A/A)con Of the reflected 
X-rays can be made to straddle the absorption edge of a 
“gpectrum placed at or near the cross-over point. A cylindrical 
~~ curvature does not exactly reproduce a point focus from a point 
source but instead a ‘caustic’. However, for L « p, p’ this error 
_ 4g quite negligible’, Rays from different points of a finite source 
~ cross over at different points so that with such a source there 
is a finite focus width. However, an accurate correlation 
between direction and wavelength is maintained for all rays 
which Į pass through a sufficiently narrow slit placed at the foucs. 
a . Matsushita’ has used this property of the bent crystal mono- 
hromator for recording photographically the absorption spec- 
am of the K edge of a copper specimen placed at the cross-over 
oint. The transmitted diverging X-beam produced a streak in 
which distance and wavelength were correlated. 
We now suggest that, if a single crystal is placed near the 
-cross-over point a diffraction pattern is produced in which each 
“spotis drawn out into a streak in which the wavelength varies 
-along the streak (Fig. 1). The theoretical basis for this has been 
_established'°"'. Every spot in the pattern then contains a com- 
plete. energy profile across the absorption edge of one of the 
atoms in the specimen crystal. This method of producing the 
ole of all the streaks simultaneously makes much more 
icient use of the synchrotron radiation spectrum than the 
rocking-monochromator streaks method proposed earlier’? or 
re usual appproach of measuring whole diffraction data 
‘few discrete wavelengths either with a double crystal 
nochromator' or the current monochromator at the ‘Guinier 
ition”? 
nour preliminary experiments we used the SRS work-station 
no modification other than that of placing a narrow adjust- 
) le slit at the ‘front’ end of a large diameter collimator 
mm). mounted in the collimator bracket of an oscillation 
a, The X-ray beam was therefore effectively un- 
ted in vertical height. In the horizontal plane the crystal 
ple was. placed after the cross-over point so that the (now) 
Petite most. of the dieni which also, ore 
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diisopropyipheny’ hosphine 
crystal structure has been ‘solve i 4 
perature X-ray data collected on a Nicole 1 a 
mated diffractometer with graphite monochromatized MoK, on 
X-ray irradiation. as 

The space group is P2,/1 n with re fined sell } parameters 7 
a =11.271 A, b =13.405 A, c =17.017 A, B =95.53°. There 
is one rhenium aton , 2 phosphorus, 24 carbon and 45 hydrogen 2 
atoms in the asymmetric ünit. Because the apare: roup: is 
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Fig.2 a, Densitometer profiles of the two reflections with Miller 
indices 120 and 020, for the ‘on-edge’ case. The ordinate scales 
have been selected to allow exact comparison of reflection widths 
and the position of the minima in the profiles. The 020 profile is 
shown as a solid line and 120 as a broken line. b, The divided . - 
intensity profiles (020/ 120), after removal of background sho 
ing the effect of the erpëcted, dramatic variation due to or ‘o edge ! 






















nin f 







dge: ross a diffraction spot energy profile 
otal bandwidth of 67 eV. The monochromator was a 
‘Si(111) monochromator 200 mm long (length in use 
ith a measured oblique cut angle a = 6.73°+0.05° 
unpublished data) giving 5E.o,.=67eV'° for p= 
p'=2.4m and R =45 m. We recorded two oscillation 
aphs, one with the 67eV centred on the point of 
on of the Lm absorption edge of the rhenium in the 
le and the other with the 67 eV centred 200 eV below the 
e, These two photographs can be compared in ref. 11. The 
wavelength was calibrated by step scanning the monochromator 
in 0.01° steps (6E =9 eV) and measuring the intensity trans- 
mitted through a different but otherwise identical single crystal. 
At the two selected wavelengths about the rhenium edge the 
quence of photographs produced was as follows; still 0°, still 
85°, oscillation photograph 85-89.95, still 89.95, Exposure time 

or the 85~89.95° photographs was 5 seconds per degree with 
10 oscillations. The crystal to film distance was 54,5 mm corres- 


nding to an outer resolution limit on a flat plate cassette of 
5 A at this wavelength. The film used was low fog CEA Reflex 
_ 25 with three films in a data pack. The SRS was operating at 
1.9 GeV with an injection current of ~ 100 mA at the time of 
> this experiment. 
-The diffraction patterns were indexed on the basis of a refined 
sample orientation (from the stills) taking account of the direc- 
__tion-energy correlation geometry” which introduces important 
-changes compared with a conventional X-ray line source’, 
: Because of the small unit cell, the same reflections are stimu- 
-lated at both wavelengths though their positions on each film 
-~ are slightly altered. In the on-edge photograph considerable 
fine structure is exhibited in the Bragg reflections. For a small 
heavy atom complex of this sort the absorption profile of the 
henium dominates the different intensities. This causes an 
pparent uniformity of fine structure between all reflections. 
€ variations in spot-size and inclination for different 
efiections for this can era geometry is described elsewhere!" 
_ The on-edge photograph was recorded first: the fine structure 
__ tecorded is not, therefore, due to a split crystal. 
-There is a considerable amount of information in these ‘three- 
dimensional’ rotat on photographs (x, y, and energy). In this 
-first report of the technique we have _only analysed two 
_ Teflections with the Miller indices 020 and 120; both reflections 
< are fully recorded. These reflections occur at a closely similar 
- sin @ value so that their absorption corrections as a function of 
across the edge are identical to within 1%, even at maximum 
ption. However, in the 120 reflection the rhenium atom 
ns not to dominate the structure amplitude. The reflection 
Of the 120 is therefore determined by the absorption 
ofile. In the 020 reflection the rhenium does dominate the 


tructure amplitude, hence the expected variation in f’ across 


. the edge (as well as absorption) will affect the 020 reflection 
ntensity profile: 8 
-< The reflections each at the two wavelengths were digitized 
ig a Scandig flat bed densitometer with an aperture (raster) 
‘um X 100 um with a step size of 10 um. The four central 
ans were averaged numerically making the sampling raster 
ctively 10 mx 400 um. The scan direction was along the 
ble energy direction which was here very close to horizon- 
Figures 2a and 3a compare the profiles produced in 
ase. For the on-edge (120) profile the change in linear 
ion coefficient is 28 mm™'. Figures 2b and 3b show the 
on profile of the 020 divided by the 120 profile at each 
gth; an average background was removed in each case. 
lationship between wavelength and displacement along 
aks is linear within the 67 eV central position’. Neglect- 
effects the off-edge division shows a linear variation 
on-edge division does indeed reveal the expected dra- 
ariation of f' at the rhenium Lm edge. 


stimate of f’ from profile division should be based on 








































































ty. At the SRS sin 
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squ refinement including many measure 
ce small errors in alignment of the profiles may lez 
errors in f’ estimates. This work is in progress, but 
reflections quoted here do provide useful evidence o 
efficacy of the technique: they give f’ estimates for Re 
are in good agreement with those measured for Pr and 
SSRL”. From Fig. 2 we obtain estimates of —27e7 at fin 
an fax Of ~le~ and —17e™ at the lower energy limi 
sampling. The energy width of the variation seen in f' f 
to fmax iS reasonable at 11 eV, although the: positio: 
minimum f’ value does not quite coincide with the | 
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Fig. 3a, Densitometered profiles of the two reflections 12 
020, for the ‘off-edge’ case, The 020 profile is shown asa 8 
line and the 120 as a broken line. b, Divided intensity profile: 
(020/120), after removal of background, showing the effect 0 
slight linear variation due to f’ ‘off-edge 













































































imate makes allowance for monochromator rocking width, 
size of slit at focus, thickness of sample, sample mosaic spread, 
‘vertical sample size, beam cross-fire angles, correlated 
wavelength spread and slit-sample—film distances'’. There are 
constraints on these quantities to preserve the energy resolution 

in a diffraction streak and their effects depend on the location 

of the spot on the film'’, The necessary use of a thin sample 

also reduced absorption effects, but even so in general absorp- 

on corrections will be needed which will require the determi- 

‘nation of a complete absorption surface for all energies in the 

. pass-band. These can be determined by recording direct beam 

transmission streaks as a function of spindle angle ¢ and inclina- 

‘tion angle p of the rotation camera. 

We believe that the method has the greatest potential for 
asing the reflections from protein crystals containing only 
‘one anomalous scatterer per asymmetric unit: in such a case 
the mass-fraction of the heavy atom is very small (typically 
"= 1%); the change in the absorption of the sample at the edge 
is, therefore, much smaller than with our trial heavy atom 
complex. Although the heavy-atom contribution to protein 
structure amplitudes is very small, the atomic scattering factor, 
“fo, falls off rapidly with increasing sin 6/A whilst the values of 

f' and f” of an anomalous scatterer do not, for high-angle 
© ‘feflections for a typical protein crystal the anomalous effect 
< may be as great as 40% of the average structure amplitude 
 (U.W.A., unpublished calculation.) The relative accuracy to 
which an intensity absorption correction would need to be 
determined for a protein metal atom derivative would be ~ 5%. 
It may be thought that order-to-order resolution for broad 
diffraction spots may be lost for a dense diffraction pattern 
_ froma protein crystal. The change in inclination of the reflection 
-streaks around an oscillation photograph does in fact preserve 
~order-to-order resolution parallel to the horizontal mounting 
axis outside the blind region (compare for example native 
_. protein crystal photographs. at the Guinier position and off 
Guinier position in ref. 10). The overlap perpendicular to the 
mounting axis is controlled in any case by the size of the rotation 
_ angle. However, the use of a small raster step is an incon- 
- venience and it would be necessary to reduce the volume of 
< data produced with a flat-bed densitometer by resorting to an 
on-line pre-prediction control programme. 
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Although there have been extensive seismic refraction measure- 
ments over areas of continental crust, the causes of variation 
in crustal thickness, and of variation in mean crustal seismic 
velocity, are poorly understood. If there is regional (3° x 3°) | 
isostatic equilibrium of the crust, such as suggested by many _ 
studies of regional gravity, then crustal thickness var tion © 
should be caused largely by variation in surface altitude and 
crustal density. Seismic refraction results from Australia are - 
used here to confirm that these crustal isostatic effects are a 
major (40%) cause of variation of crustal thickness even ina 
continent of little surface relief. However, there is an equally 
important regional variation in crustal thickness unrelated to _ 
crustal isostasy—this is thought to be due to density variation 
in the lower lithosphere’. 

It is initially assumed that the Earth's crust is in isostatic 
equilibrium relative to the uppermost mantle and, in addition, 
that the upper mantle density (a) does not vary horizontally 
or vertically from where its upper surface under continents is 
shallow to where it is deep. Consider any crust of mean density 
g, surface altitude h, and depth to the base of the crust below 
sea level H. A standard crust has a surface at sea level, base 
H. below sea level, and mean density o.. For isostatic 


equilibrium’? 











H _ Hom a)j+ho (4) 
Ta- T 

Average densities of om = 3.3 tonne m~” and q, = 2.9 tonne m” 
can be assumed’, so o/(o,—a) averages ~7.25. In Australia 
h is generally <0.6km, and o varies from ~2.75 to 3.06 
tonne m™, so the effect of h on H can be evaluated with an 

error of <2 km. 
We define a depth of the base of the crust when correct 
for surface altitude as H’ (H =H —7.25h) : 


H’ es HAG m a Ts) 


(2). 
Ta~ 

The Nafe-Drake empirical correlation between rock density 
and seismic P-wave velocity? is almost linear in the velocity 
range 5.5-8kms™'. Assuming linearity, using velocity sub- 
scripts with the same meaning as for density, and inverting 
equation (2) gives 

1 Vm V 

H' HAV a Va H,( V m te V3 Sap 
so there should be linear correlation between 1/H' and mean 


crustal velocity V. Be Oa gs 
Table 1 and Fig. 1 give those crustal seismic refraction results 


for Australian continental crust where both mean P-wave vel- 
ocity of the crust and crustal thickness have been determined. 
Results from regions A, B, C and D are considered less accurate 
because only travel-times of critically refracted waves were 
used in the interpretation. Other results were derived using all 
available crustal and upper mantle seismic P phases. The loca- 
tions given are those of the crustal thickness determinations, 
not the shot points. Ea 

A least-squares straight-line fit of mean crustal velocity with 
the inverse of the corrected depth of the base of the crust below 
sea level for all data is 


1/H' = (0.123 + 0.019) — (0.015 + 0.003) V (4) 


where the uncertainty is the coefficient of variation. The correla- 
tion coefficient (r = 0.59) is statistically significant at the 95% 








eq ation W The Salope of. equation) is cor 
j _ experimental error with the value of 0.016 0.00: 
| wed id have t a ‘aystématic error ot 0. 3 ka s“ evaluating HAV a V3) using the means of the 
ptably high either as an error in the mean ae - values given above. It is also consistent within exp 
in the density-velocity relationship. error with the value of 0.020 +0.003 found. ye 
ing calculations suggest that equation (4) is con- equation (3) by using the Nafe-Drake empirical re 
the assumptions. For these calculations I have between crustal density. and crustal. velocity, oge 
e mean values of quantities in Table 1, ‘but with Woollard’s” preferred range of values H, betwee: 
nts. of variation increased by a factor of 3 to allow for 34.5km, and o,,—¢, between 0.383 and 0. 415 tonne 
f The least-squares correlation of mantle P, velocity v 
| — | l of the. basè of the crust below sea level (H di 
8 07£0. 08 kms™,  V,= 6.4340. u kms™’, (7.76 + 0.14) + (0.0078 + 0.0033)H. Hence there is asy 
: © Hes 30. 8436 km atic change in V,, from 7.99 km s™ at 30m depth to 8.15] 
pa at a km.: A this is. Pox sega to an increase in n màn 
T'is isi alinite, then: equation (4) gives an estimate of the 1é 
uppermost-mantle vagadi (Ps) of 8. 3+2 kms`*; this is 


Table 1 1 Australian crustal seismic s refraction results 


aa Mean eruta E 
Long. Altitade velocity, Crustal thickness Mantle velocity 
CEJ hikm) = V {kms 3 H+h (km) BE (kms s79 
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Significant upper mantle anisotropy is sug- 
y results from the Pilbara Block’. 




































































“T conclude that the effect on crustal thickness of variations 
of surface altitude and mean crustal density can be adequately 


- modelled using equation (3). This equation assumes regional 
- isostatic equilibrium relative to the uppermost mantle, assumes 
-that the mantle has constant density down to the level of the 
_ deepest crust, and assumes a linear correlation between P-wave 
- velocity and density. | 
The relative magnitude of the components of crustal thickness 
. variation are evaluated as follows. The total variance from the 
- measured crustal thicknesses listed in Table 1 is 66.0 km’. 
- Surface altitude variation and its associated crustal root vari- 
ation is calculated from the difference in variance of H and H’ 
to be 2% of this. The change in crustal thickness associated 
with change in mean crustal density is ~38% of the variance 
__(r? = 0.38 for equation (4)). The remaining variance (that causes 
_ deviation from equation (4)) can be split into within-region 
-variance of 11.3 km? (17% of total variance), and between- 
` region variance causing the remaining 43%. | 
The within-region variance is caused both by errors in 
determination of relative crustal thickness and relative mean 
crustal velocity within each region, and by crustal strength being 
: sufficiently high in western and central Australia that areas 
<3°x 3° are not in complete isostatic equilibrium’. The variance 
due to departures from isostatic equilibrium is unlikely to be 
>8% of total variance (one-half within-region variance) and 
~ go is much smaller than the variance due to the isostatic effects 
_ of topography and crustal density changes (40% of total vari- 
ance). This reinforces the conclusion that isostatic equilibrium 
relative to the uppermost mantle is largely achieved. 
< Between-region variance is ~43% of total variance, so its 
© origin is important both in understanding and predicting crustal 
thickness. It is unlikely that errors in crustal thickness and 
crustal velocity contribute significantly to within-region or 
between-region variance, because the within-region variance 
. 4s small both in the better studied regions (F, G and I) and in 
- . régions where. independent investigators have made indepen- 
_. dent measurements (regions I and J). Between-region changes 
-in mean atomic number could, in theory, cause regional changes 
inthe velocity-density relationship”. There is no good evidence 
for significant differences in the chemistry of the surface rocks 
_ from the various regions so significant change in mean atomic 
“umber seems unlikely. The remaining possible causes of 
-between-region variance—horizontal density variations in the 
- Jower lithosphere, and dynamic forces on the base of the litho- 
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Fig. 2 Mean height anomalies in metres. Shallower areas have. noe 
positive mean height anomalies. In oceanic areas dots show data 
points; contour interval, 250 m, A Mies 


sphere—are considered below by comparing mantle altitude _ 
anomalies under continents with those under oceans. 

The between-region differences in H’ residual are converted, 
to equivalent differences in the upper level of mantle overlain ` 
by oceanic crust of assumed constant thickness and by seawater 
of density gw. A difference of p in the thickness of sea-level 
crust is equivalent to a difference of Diam T) (Cn Fw), OF 
about p/5.68, in the upper level of oceanic mantle. For each | 
region of Fig. 1, a mean altitude anomaly and its coefficient of 
variation has been calculated using H’ residuals divided | 
by 5.68. pee 

In oceanic areas, altitude anomalies are calculated by sub- 
tracting from 1°x 1° mean water depths, the expected water 
depth for that age crust, and correcting for the isostatic effect 
of sediment thickness’. The altitude anomalies used are the 
means of 5° x 5° areas. Altitude anomalies derived for continen-. 
tal areas are assumed to have the same mean (zero) as those: 
derived for areas of oceanic crust. 

Figure 2 shows altitude anomalies derived from seismic: 
refraction data in continental Australia, together with published 
altitude anomalies for the Indian and Southern Oceans'—these 
have been recontoured west of Australia. East of Australia in. 
the Tasman and Coral Seas new rough estimates of altitude 
anomalies are given. | ee Fes 

Altitude anomalies do not show a systematic trend across 
Australia, nor do they show a correlation with seismic P-wave. 
residuals®'°, heat flow variation'', or long-wavelength gravity 
anomalies’. -e eee 

Continental and oceanic values do not show an overall 
pattern, as there seems to be a break between continental and 
oceanic values. The lack of systematic variation across the 
region indicates that altitude anomalies are unlikely to be due 
to dynamic asthenospheric forces on the base of the lithosphere 
as these would be continuous across lithosphere boundaries. 
The interpretation that altitude anomalies originate from 
horizontal density variation in the lower lithosphere’ is there- 
fore supported. Relative to oceanic altitude anomalies, those 
from the continent have a larger range and shorter wavelength; 
this supports models where the continental lithosphere has had 
a relatively long and diverse history’. An analysis of seismic 
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ary relatively rapidly on continents, the crust appears 
isostatic equilibrium with an upper mantle of uniform 
© variation in surface altitude and mean crustal density 
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-A model’”, which explains the vertical and seasonal distribution 
of planktonic foraminifera was developed using data from the 
western North Atlantic and is comprised of three tenets: (1) 
The conditions in the photic zone (upper 80-100 m) exclusively 
-dictate planktonic foraminifera species composition and abund- 
» ance throughout the water column. (2) Species are vertically 
stratified within the photic zone according to their temperature 

_ preference. Depth distribution according to temperature pref- 
erence has been proposed by several authors’ based on isotope 
“analyses of sediments. Due to seasonal temperature variations, 
__ Seasonal variations in the 5‘*O composition of seawater, and 
- species-specific isotope fractionation, rigorous proof of this 
_ hypothesis cannot be provided from sediment analyses alone. 
(3) The chlorophyll maximum is a major food source zone, 
-Which is preferentially exploited by foraminifera. Our data from 
` the Panama Basin, which are presented here, are confirmation 
of this model. The Panama Basin in the eastern equatorial 
-- Pacific, which has a shallow and steep thermocline, was sampled 
-for living planktonic foraminifera. A multiple opening—closing 
















` net and environmental sensing system (MOCNESS)‘ was used 


= to collect 13 sets of eight vertically stratified oblique samples. 
ort here the quantitative distribution and stable isotopic 
sition of planktonic foraminifera from four MOCNESS 
taken over 5 days, during August 1979 (RV Knorr cruise 
°20' N, 8°50' W. Each tow consisted of eight samples 
nich integrated ~12.5-m intervals from 0 to 100 m for MOC 
-m intervals from 0 to 200 m for MOC 127, 100-150-m 
from 0 to 1,000 m on MOC 128 and 250-m intervals 
2,000 m on MOC 131. 
arbon isotope analyses were made on plank- 
‘a from the MOCNESS tows and the surround- 
ng seawater. Isotope determinations were made on a triple 


-0836/82/340841—04$01.00 





collector mass spectrometer (Micromass 903). The carbonate 


samples were vacuum roasted at 375°C for 1h and reacted _ 
with 100% phosphoric acid at 50 °C. The precision for carbon- 


ate is +0.05% for oxygen and carbon. The &'*O composition 
of seawater was determined with a rapid equilibration-extrac- 
tion method described in ref. 5. The 8'°C composition of total 


dissolved CO, was predicted using the PO,-6'*C relationship ee 
given in ref. 6 and PO, data for a station occupied in between 


MOCNESS tows. The 0-100-m series provided an ideal test _ 
of the previous model`? for several reasons. (1) Eight MOC- 
NESS oblique tows at 12.5-m intervals (MOC 126) provide — 
high resolution sampling. (2) There is a 15°C temperature — 
gradient in the upper 100 m, encompassing one of the steepest 


thermoclines (0.5°C m™*) in the world’s oceans which ‘occurs 


between 25 and 37.5 m. (3) The region is extremely productive, _ 
and foraminifera are abundant. (4) A sharp chlorophyll 


maximum is well developed in the thermocline’. (5) The water- a 


column was sampled for measurement of 8 "O of seawater. 


Twenty-three species of planktonic foraminifera were = 


identified in the Panama Basin tows. In the 0-100-m tow, MOC 
126 (Fig. la), 16 species averaged more than 10 per 1,000 m°. 


The dominant species, Globoquadrina dutertrei, showed a pro- © 


nounced abundance peak between 25 and 50 m, precisely the 
interval corresponding to the steep thermocline, highest 


primary productivity and the associated deep chlorophyll = 


maximum (DCM) (Fig. 1a)’. Nine out of 16 species or mor- z 
photypes showed pronounced maxima in the steep thermocline: 
Note that the abundance axis is logarithmic. Globigerinoides 
sacculifer and Globigerinoides conglobatus were numerically 


dominant at the chlorophyll maximum, but they showed com- œ: 


parable abundances in the surface mixed layer. Globigerinoides - 
ruber, Globigerinita glutinata, G. sacculifer (without final sac: 
chamber), and G. conglobatus were very abundant in the less 
productive surface mixed layer. Two species which secrete. 
morphologically distinct terminal chambers. Orbulina universa 
and G. sacculifer, showed sharp maximum concentrations of 
these morphologies in the chlorophyll maximum zone between 
25 and 37 m (Fig. 1a). Globigerina calida and Globorotalia 
theyeri had maxima below the steep thermocline. Of particular 
significance is the observation that the G. theyeri population 
descended from a maximum at 100 m on 4 August, MOC 127 
(Fig. 15) to between 250 and 375 m on 5 August, MOC 128. 
(Fig. 1c) to a maximum between 500 and 750 m on 8 August, 
MOC 131 (Fig, 1d). This averaged to a 170 m per day descent — 
rate. Hepi 
Oxygen isotope measurements of seawater (Fig. 2) and can-a 


tinuous temperature and conductivity measurements during the 


MOCNESS tows permit the construction of an accurate calcite 
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‘om Ma: | O ) CNESS 127 oblique hauls in the Panama Basin between’ -~ 
‘and 200m (4 August 1979; day). c, Vertical profiles of living planktonic foraminifera caught in MOCNESS 128 oblique hauls in the 

ofiles of living planktonic foraminifera caught in MOCNESS 131- 

nd 2,000 m (8 August 1979; night). | 


















utertrei calc 


_ isotope data indicate growth in the thermocline, w 
l | > dutertrei are found in maximum abundance (Fig. 1a). B 
37.5 and 100 m, G. dutertrei becomes only slightly enr 

5"*O, and are far from equilibrium at these depth: 
evidence that they are descending from the steep the 

(Fig. 3a). The slight 5'°O enrichment is probably du 
thickening’. Scanning electron microscope observa 
















| needed to confirm this hypothesis. : aoe 

G. theyeri and G. calida appear to be in oxygen 
| equilibrium between 50 and 100 m, where they are 
in MOC 126 and MOC 127, but their isotopic val: 
change when they are collected below the photic zon 
mately upper 100 m) even though they may be nu 




















i TS a oa anaana aanne aaaaaaan aaan tien aana naaa sal 
2 Salinity versus ĝ' "Osmow for the Panama Basin. The 
bers next to the symbols indicate water depth. The data 
‘indicate binary mixing between surface water and intermediate 
water, and deep water and intermediate water. 
















total dissolved | 
ap between the surface and 100 m at the site of MOC 1 
ium profile (Fig. 3a) using the mollusc equation of 36), There is some evidence that the 5'°C compositio 
tein et al”. Oxygen isotope measurements of several dutertrei and Globigerinella aequilateralis: are affected by thi 
ent size fractions of nine foraminifera species or mor- gradient. G. dutertrei decreases more than 1% 6°C betwee 
_ photypes show that shell growth is restricted to the upper 100m, the surface and 100 m (Fig. 36). The largest drop in 6"3C fo 
even though many species are found in abundance below 100 m. G. dutertrei is coincident with the 1.5% decrease in 62C of 
The oxygen isotope data indicate that specimens found below total dissolved CO, in the steep thermocline. G. aequilateralis : 
_ 100 m were simply descending through the water column while show a less significant shift in 5'°C, but this species also parallels. 
adding little or no additional calcite (Fig, 3a). It is also evident the seawater trend. The carbon isotope equilibrium line for ca 
from the 6'°O versus depth plots (Fig. 3a) that most species inorganic calcite would fall to the right of the data, but parallel 
:- generally grow within narrower depth intervals within the photic to the 8°C of total dissolved CO, line (see ref. 9 for a F 
-zone than their overall distribution would imply. For example, discussion of calcite isotope equilibrium). a PREM 
_. Gruber is found in decreasing numbers between the surface Note that G. dutertrei and G. theyeri, which calcify in oxygen 
L and 100 m (Fig. 1a). Its 8'80 composition indicates that it is isotope equilibrium, have the same carbon isotopic composition 
rowing typically 0.5% lighter than equilibrium’? in the sur- as ambient 8"C of total dissolved CO, (Fig. 3b). As noted 
ace mixed layer. Between 25 and 37.5 m G. ruber is adding above, oxygen isotope measurements of G. dutertrei indicate 
me calcite, but below this level the data-point at 60 m indi- equilibrium precipitation at ~30.m (Fig. 3b). Below 30 m G 
cates vertical descent from the mixed-layer. dutertrei shows oxygen isotope enrichment, but the data are 
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t= G. ruber (white) d= G. dutertrei (right) r 
. aequilateralis isym} s= G, sacculifer (w/o sac) a= G. aequilateralis (sym) š ‘ 
G. calida l= H. pelagica j= G. calida m= G. menardii 
G. theyeri m= G., menardii x = G. theyeri n 
. n = G. menardii neoflexuosa 















































































BC of total CO, © curve Solow 30n m, peri is in i agreemeti 
` with the 6'*O data. G. theyeri is in oxygen isotope equilibrium 
“between 50 and 75 m and also has the same 6'°C of carbonate 
-as ambient 5'°C of total dissolved CO}. G. theyeri differs from 
<G. dutertrei by 1%. The oe symbiont bearing species (such 
‘as G. ruber, G. sacculifer, G. aequilateralis) are generally dep- 
~ feted with respect to ‘°C when compared with the ambient 6'°C 
~ of total dissolved CO». 
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_ Observations in insects reveal sexual differences in the central 
nervous system (CNS), associated with sexually dimorphic pat- 
terns of reproductive behaviour’°. For example, in certain 
“species of moths, including the sphinx moth Manduca sexta, 
only males fly towards a sexually receptive female or towards 
a source of the female sex pheromone’”"'. In Manduca, special- 
-c ized olfactory receptor cells found only on male antennae”? 
<- respond sensitively and selectively to the female sex pheromone 
“(unpublished experiments with K.-E. Kaissling and R. J. 
O'Connell). Their axons project into the macroglomerular com- 
-plex (MGC), which is characteristic of male, but not female, 
antennal lobes (ALs; Fig. 15, d y'-35:8.914 These afferents to 
he MGC. presumably synapse with male-specific AL 
ieurones™"® to begin the processing of phenomonal informa- 
ion. We have now devised a surgical procedure for producing 
antennal gynandromorphs of Manduca in which one of the two 
ALs receives sensory innervation from an antenna formed by 
transplanted imaginal disk of the opposite sex. We report 
‘here that in these gynandromorphs, the physiological and mor- 
phological properties of certain AL neurones are influenced by 
_ the gender of the antennal sensory axons contacting them. In 
particular, neurones resembling the male-specific AL neurones 
appear in female ALs innervated by sensory axons from a 
_ grafted male antenna. 
We produced 329 gynandromorphic larvae (Table 1, group 
1) ao 78% metamorphosed and eclosed as adult moths. 
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everted and formed an antenna. Al 





exhibited structure characteristic of the ‘donor's S $ex; n 


appeared to be modified by transplantation into a host of the . 


opposite sex. 


In 59% of the animals with everted grafts, the AL on the Le 


operated side was innervated by the nerve from the transplanted 





antenna. In these animals, the ingrowing sensory axons found ~ 


their targets, the AL neurones, even though the pupal antennal 


nerve, comprising axons believed to provide contact guidance E 


for antennal afferents'*'*, had been severed during surgery. 
We presume that the axons ; followed stumps of the: ‘guide fibres’ 
still associated with the AL and suspect that the growing axons 
failed to do so in the remaining animals (41% of those with 


everted grafts). In the latter, the antennal nerve either ended — 
abruptly as a mass of fibres near the base of the antenna or _ 


grew into the lateral protocerebrum, proboscis, or sub- 


oesophageal ganglion. In these animals, the operated AL was- 


stunted, as in the deafferented AL in a deantennated moth’. 


No innervation of the contralateral AL by the graft was ever 
observed, 

We examined histological sections from the brains of unoper- 
ated moths and antennal gynandromorphs (Fig. 1; Table 1, 





Fig. 1 Frontal sections through the operated (gynandromorphic) 
and control (normal) ALs of female (a, b) and male (c, d) moths, 
prepared from paraffin-embedded preparations and stained with: 


Cresylecht violet and Luxol fast blue'*. To produce antennal - 
gynandromorphs of Manduca, antennal disks are transplanted 


unilaterally on the first or second day of the fifth (last) larval instar. - 


Larvae are restrained in aluminium tubes and anaesthetized by. 
chilling in a bath of ice-cold water. The antennal disk'* 


+ 


, which oe 


lies within the head capsule near the base of the larval antenna, a 
is excised and replaced with the corresponding disk from a donor. 


of the opposite sex. A mixture of phenylthiourea, streptomycin 
sulphate and penicillin (2:1: 1)'° is placed in the wound, which 
is then sealed by melted myristic acid (W. Harris, personal com- 
munication). In b, the antennal nerve (N) enters the normal female 
AL. The glomeruli (G) are arrayed around a central region of 
coarser neuropil. The cell bodies of the AL neurones are gathered 
in three cortical groups: a large lateral cluster (L), a smaller medial 
cluster (M) and a small group anterior to this plane of section. 
The normal male AL (d) characteristically exhibits the MGC, 
which lies near the entrance of the antennal nerve and is not 
present in the normal female AL (b). In the gynandromorphic . 


female AL ia), a structure resembling the MGC (+) lies near the. 


entrance of the antennal nerve from the grafted male antenna. 


The gynandromorphic male AL (c) lacks a MGC. Scale bar, E : 


200 um. 
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300 ms 


<- Fig. 2 Intracellular recording from a neurone in the operated 
AL of a female gynandromorph. Recordings were made with 
microelectrodes filled with a solution of 4% CoCh in 0.75 M KCl 
and having impedances of 50-75 MQ (ref. 8). This recording shows 
` the postsynaptic responses elicited by directing pulses of air (a), 
trans-2-hexenal (b), or bombykal (c) on to the grafted male 
antenna. Odourants were delivered in carrier pulses (500-600 ms 
---duration) of charcoal-filtered air. This cell was stimulated when 
the antenna was exposed to frans-2-hexenal or bombykal. AL 
‘neurones responsive to antennal stimulation with bombykal were 
< not found in unoperated females or in the control AL of gynan- 
> dromorphic females. Conversely, in gynandromorphic males, 
_. bombykal never elicited responses from neurones in the AL 
- — innervated by the grafted female antenna, although neurones in 
-the control AL responded normally to pheromonal stimulation of 
eee ‘the male’ s own antenna. Injection of cobaltous ions at the comple- 
tion of recording was accomplished by passing 10 nA depolarizing 
current pulses of 200-300 ms duration for 15 min at 1 Hz. 






group 1). In the brains of male gynandromorphs, the MGC was 
‘always. missing from the AL innervated by the female graft 
= (Fig: 1c). Conversely, the brains from female gynandromorphs 
: invariably exhibited a structure resembling the MGC in the AL 
` innervated by the male graft (Fig. 1a). In 100 control larvae, 

‘we transplanted a disk of the same sex into a host (Table 1, 
up 2) or re-implanted its own imaginal disk (Table 1, group 
Of these animals, 86% survived; in 53% of the survivors, 
graft formed an antenna; and in 72% of these the operated 
_ AL was innervated by the antennal nerve from the graft. Under 
“the light: microscope, the ALs of the latter animals were indis- 
“tinguishable from those of unoperated animals: a male AL 
` innervated by a male graft formed a MGC, but a female AL 
innervated by a female graft did not. We have observed that 
“the degree of innervation of the AL by grafts ranges from none 
vhere the antennal nerve does not reach the AL) to complete 
(where | there is a full-size antennal nerve). Even in ALs 











‘Tablet Summary of antennal! disk-implantation experiments 













Everted . 
Total animals* graft Innervated AL? 


! | Female Male Female Male Female Male 
! ite sex 163 (122) 166 (135) 65 60 44(12) 30 (13) 


13 (12) 34 29 8 14 6 (4) 10 (5) 
19 (18) 34 (27) 13 if 10 (7) 7 i4 












rentheses indicate number of animals that survived surgery. 
parentheses Ene number of ALs sectioned for light-micrascopic 






readily identifiable MGC.like structure e developed. - 
‘With the use of intracellular recording and. stein i 
characterized neurones in the ALs of gynandromorphi 
In 14 of 16 females with ALs innvervated by male; 
prats, male-like interneurones were pen en out of 





















nostsynaptcally aha the traneplanted antenna was stii 
with bombykal. Intracellular staining with cobalt 
revealed, moreover, that these cells sent dendritic pre 
into the MGC-like region of neuropil (Fig. 3). In. fou 
dromorphic males, whose operated ALs received sensory int 
from transplanted female antennae (lacking pheromone rece 
tors), the characteristic male interneurones were not foun 
The MGC was missing in these ALs, and no interneurones 
were observed that either responded when the transplanted | 
antenna was stimulated with bombykal (11 cells tested) or had. 
neurites in the region of the AL where the MGC would normally 
form. We recorded intracellularly from AL neurones: in four- 
males with the same-sex grafts (from group 2 of Table 1) and 
one male whose own antennal disk had been re-implanted (from 
group 3 of Table 1). We observed AL neurones that were: 
responsive to bombykal (5 out of 13 cells tested) and had 
arborizations in the MGC. Finally, normal females and males- 
have AL neurones that respond when the antenna is stimulated 
with trans-2-hexenal (‘leaf aldehyde’ ) but not with bombykal, 
and these cells have arborizations in ‘ordinary’ glomeruli but 
not in the MGC*. We have observed analogous cells in female 
and male gynandromorphs. Thus, we note a positive correlation 
in AL neurones between physiological responsiveness on stimu- “ee 
lation of the antenna with pheromone and possession of den- 
dritic arborizations in the MGC. , 
These observations reveal a remarkable degree of plasticity : 
in the development of sexually dimorphic neurones: in the 
moth’s AL. We find that the gender of afferent axons has a 
pronounced role in the differentiation of AL neurones. A 
MGC-like structure develops only in ALs, female or male, 
innervated by axons from a grafted male antenna. In female 
gynandromorphs, certain AL neurones show masculine patterns _ 
of arborization in the MGC-like structure. Moreover, these = 
neurones establish functional connections with axons from the. __ 
grafted male antenna and respond postsynaptically when 
the antenna is stimulated by the female pheromone. Whether | 
the axons from the grafted antenna of one sex serve to sustain ~ 
or suppress the development of gender-specific interneurones 
in the ALs of their host of the opposite sex, or to remodel or 
induce response properties and patterns of dendritic branching 
























































Fig.3 a, Gynandromorphic female interneurone from which the. 
intracellular recording in Fig. 2 was obtained. The cell was stain 
intracellularly with cobaltous sulphide, intensified with silver. and Pape 
viewed frontally in a whole-mount’. Like the normal male-specific, Fi 
type-II local interneurone® shown in b, the cell in a lacks‘an 
obvious axon and has dendrites (GD) ramifying within the os 
glomerular neuropil and within the MGC-like structure (arrow). o 

The cell body is located at the end of the primary neurite in- the ee 
lateral cell cluster. Scale bar, 200 pm. a 








‘of the mecha oe taderiving d dsvelopment of a dimor- 
- phic components in the CNS, and possibly those underlying 
developmental plasticity of neurones in general. 
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Exaggerated salt appetite of 
spontaneously hypertensive rats 
_. is decreased by central 

_ angiotensin-converting 
enzyme blockade 
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Injection of angiotensin II (AI) into the cerebral ventricles 
at doses as low as 1 pmol h™ results in a marked stimulation 
of salt and water ingestion in the rat*?. Evidence that All is 
produced in the central nervous system independently of the 
circulating renin-angiotensin system (RAS)°*“ raises the possi- 
bility that endogenous brain AII is involved in the physiological 
regulation of thirst“. The role of brain AH in salt appetite is 
still unclear“. Here we confirm that the spontaneously hyperten- 
ve rat (SHR), believed to have elevated levels of brain All’, 
possesses an exaggerated salt appetite compared with its nor- 
motensive controls. We also show that this exaggerated salt 
appetite is reduced by chronic central treatment with the 
-angiotensin-converting enzyme inhibitor, captopril, while that 
_ of the normotensive controls is;anaffected. Our study suggests 
that a central neuropeptide, probably All, is involved in the 
 snaintenance of the exaggerated salt appetite in this model of 
- hypertension. 

_ Intracerebroventricular (i-c.v.) administration of AH receptor 
antagonists" Or. angiotensin-converting enzyme inhibitors’ to 
the spontaneously hypertensive rat of the Okamoto strain, but 
net to the normotensive control Wistar Kyoto (WK) rat results 
n'a marked, rapid, hypotensive response independent of the 
circulating RAS. Furthermore, an incteased density of 














an DSe of the btein. RAS in the SHR. The SHR g 
an exaggerated salt appetite compared with WK rats’, This 
given the evidence for overactivity of the brain RAS in th 
SHR, may be due to overproduction. of central AI. To tes 
this hypothesis, we have monitored fluid intake in groups o 
SHR and WK animals offered a choice of water or saline befor 
and after chronic infusion of captopril into the left latera 
cerebral ventricle in an attempt to block angiotensin Il pro 
duction. 

Figures 1 and 2 show the fluid intakes of SHR ‘and WK rat 
offered a choice of saline or water before and after infusion o 
either captopril, 80 ugh, or vehicle. In the. pretreatme: ; 
control period, SHR drank 23.3 + 1.0 ml per 100 g body weigh 
per day (mean +s.e.m. of 100 observations) of saline and 4.84 
0.3 ml per 100 g per day (n = 100) of water; this represents ; 
saline preference of 83% of total fluid intake. In the sam: 
period, WK rats drank 7.1+0.5 ml per 100 g per day (n = 100 
of saline and 9.3+0.3 ml per 100 g per day {n = 100) of water 
saline representing 43% of fluid intake. Therefore, SHR hac 
nearly double the total fluid intake of the WK rats (1 = 8.3 
P<10"") and also a significantly higher proportion of saline 
in this intake (r = 12.7, P< 10°**). The effect of central captopri 
on the intake and choice of fiuid of SHR is shown in Fig. 1 
Vehicle-treated SHR showed no change in saline intake during 
the infusion period compared with the pre-implantation perioc 
(Fi 120 = 0.3, P > 0.6). In contrast, captopril-infused rats showed 
a significant decrease (23%) in saline intake during the treat- 
ment period compared with either the pre-implantation perioc 
(Fy 108 = 20.3, P<10°*) or vehicle-infused rats (Fy,.3.= 9.2 
P<3x 10°). Captopril-treated SHR also showed an increasec 
(172%) water intake compared with the vehicle-infused SHR 
during the treatment period (Fin = 33.9, P <10, while nc 
significant differences existed between the two groups during 
the pretreatment period {F i = 2.5, P > 0.12). Whereas saline 
represented 83+1% of total fluid intake of SHR before treat- 
ment, this fell to 77 + 2% after captopril (F111: = 6.4, P< 0.01). 
Vehicle-treated SHR showed an increase of proportional saline 
intake from 84+1% to 8841% (Fis = 13.7, P<3«x10%), 
In contrast, as shown in Fig. 2, WK rats showed no changes in 
saline intake, water intake or proportional saline intake with 
either captopril or vehicle treatment. 

The food intake of captopril-infused SHR did not differ from 
that of vehicle-infused SHR either before (68 versus 67 g per 
day, respectively; Fi so = 0.1, P > 0.8) or during i.c.v. treatment 
(70 versus 68 g per day; Fy 69 = 0.9, P > 0.3). Similarly, the food 
intake of captopril-infused WK rats was not different from that 
of vehicle-infused WK rats either before (66 versus 64 g per 
day, respectively; Fi ss = 1.6, P > 0.2) or during i.c.v. treatment 
(64 versus 61 g per day; Fizo = 1.4, P>0.2). The growth rate 
of captopril-infused SHR did not differ from that of vehicle- 
infused SHR either before (0.4 versus 0.01 g per day, resp 
tively; F, so = 0.1, P > 0.8) or during i.c.v. treatment {2.0 v sus 
2.1 g per day; Fi so = 0.05, P >0.8). Similarly, the growth rates 
of captopril- or vehicle-infused WK rats were also similar before 
and during treatment (0.01 versus 0.5 g per day, respectively; 
Fise = 0.6, P >0.4; and 0.4 versus 0.8 g per day, respectively; 
Fin = 0.1, P > 0. 8). There was no significant difference in total 
fluid intake between either central captopril- or vehicle-infused 
SHR during the treatment period (24 versus 26 ml per 100g 
per day, respectively; Fy4,. = 2.3, P>0.1). 

It is possible that the fall in salt appetite during central 
captopril was secondary to renal sodium retention due to a fall 
in blood pressure, However, the animals showed no change i in 
blood pressure during chronic infusion of captopril at this dose 
(pre-infusion: 18725 mmHg, post-infusion: 188+4 mmHg; 
F 69 = 0.02, P >0.5). To examine this possibility further, five 
male SHR were treated with hydrallazine (5 mg per kg per day, 
orally) over a 4-day period. Blood pressure, measured by a tail 
cuff method, fell from a control value of 210+ 10 mug R to 
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i a pint (14:1 versus 24.7 ml per 100 g per 
ash F, 10 = 8. 8, P<0, 01), but this was not main- 


e i depin the Meon of the effect of captopril on the salt 
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Fig. 1 Fluid intake of male SHR offered a choice of 0.9% saline 

c ortap water. We used 20 male SHR and 20 male WK rats (weight 
=i orange 320-410 g) housed in individual metabolic cages in condi- 
= tiens of 12-h light and 12-h dark (lights on 0700-1900 h), with 
ooo foom temperature maintained at 22 °C. Standard pelleted labora- 
: tory chow (Clarke King GR 2+, Melbourne) was available ad 
libitum and daily food intake was ‘estimated by weighing uneaten 
dspilt food. A choice of tap water and 0.9% saline was available 
individual bottles fitted with dripless stainless steel spouts 
man Clemco, Melbourne). Fluid intake was measured daily 
700 h by weighing the bottles and the positions of saline and 
< water bottles in individual cages were alternated daily. Following 
i 4-day acclimatization period, a further 7-day period was used 
<+- to obtain control values of fluid and food intakes. Daily body 
: weight was recorded at 1700 h and fresh saline prepared every 
second day. ‘Following this control period, animals were lightly 
esthetized with ether and a 27-gauge stainless steel cannula 
mplanted into the left lateral cerebral ventricle at coordinates 
1.0, L 1.5, H 4.0 using the bregma as reference. Cannulae 
re attached by PE 60 tubing to an Alzet osmotic minipump 
a Corporation), with 10 SHR and 10 WK rats receiving 
opril at 80 ugh ‘and 10 SHR and 10 WK animals receiving 
al cerebrospinal fluid as the vehicle. The minipump was 
sd binge aati into ne oe region. Following 
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Fig. 2 Fluid intake of male WK rats offered a choice of 0.9% 
saline or tap water (see Fig. 1 legend). @, Rats given i.c.v. 
captopril; O, vehicle-treated rats. 


This dose of captopril produced no change in blood pressure 
over the treatment. period when compared with the 7-day 
control period (175+4 versus 178+4 mmHg, respectively; 
F, as = 0.3, P >0.5). Mean saline consumption was 37.2+2.2 
ml per 100 g per day during the control period compared with 
22.4+ 1.0 mi per 100 g per day during the last 4 days of captopril | 
infusion (Fiss = 22.3, P< 107"). No change in saline intake 
occurred in nine vehicle-infused SHR during this period when 
compared with the pretreatment period (28.1+2.0 versus ©. 
31.2+2.0 ml per 100g per day, respectively; F, sa = 1. fee: 


The selective attenuation of the exaggerated salt appetite of 
the SHR by central captopril, as shown here, suggests that 
elevated central AII may contribute to this elevated salt 
appetite. The fact that central captopril had no effect on the 
food intake or growth rate of the SHR, and that central captopril 
was without any effect in the WK rat argues against a nonspecifi 
effect of the drug. Furthermore, whereas a specific decrease 
the proportional saline intake was seen in SHR treated centrally 
with captopril, total fluid intake remained unchanged, sugges > 
ing a specific action on sodium appetite. 

The possibility that blockade of the circulating RAS, follow 
ing leakage of captopril from central sites, contributed to. 
effects seen here may be excluded, as peripherally administ 
captopril not only lowers the threshold for salt detectio 
also increases saline ingestion in the rat’? 

As bradykinin'*** and the enkephalins’® > are substrat 
angiotensin-converting enzyme, it is possible that the effec 
captopril in our study are mediated by changes in these or ot! 
neuropeptides. However, the opioids seem to stimulate inges 
tive behaviour'”* and elevation of their central levels b 
topril would not explain the results observed. According: 
study, central administration of bradykinin failed ts 
drinking’’, although a large dose of bradykinin has been: 
ted to attenuate All-induced drinking”’; potentiation ¢ 
peptide might therefore contribute to the actions of cel 
captopril in the SHR. sa 

Centrally administered saralasin did not sacie thi ; 
salt appetite“ in previous: reports. However, saralasin has 
activity in most systems” ? and actually potentiated drink 












































































nd has been suggested th that captopril t may 
. sites inaccessible to saralasin”* 
: The cerebrospinal fluid of hypertensive humans has been 
5 reported to contain elevated levels of angiotensin I? and 
angiotensinogen”. It is intriguing to note, therefore, that hyper- 
_tensives show a preference for sodium chloride and exhibit 
_ increased daily fluid intake”, a pattern strikingly similar to that 
_ observed in the SHR. The present findings therefore raise the 
possibility that the brain RAS may be hyperactive in some 
` forms of human essential hypertension. 
» This work was supported by the National Health and MRC 
-and the National Heart Foundation of Australia. 
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In the eye, vitamin A (retinol) is mainly stored in the retinal 
ent epithelium (RPE) although its primary function is in 
isual process in the photoreceptor organelles of the neural 
tina (NR). It is well established that during light adaptation, 
e amount of retinol drops in the NR but rises in the RPE’. 
uring dark adaptation, the converse occurs. This indicates a 
mis ration of retinoid between the two tissues, the direction of 
-which is dictated by the state of light or dark adaptation of the 
photoreceptors. The mechanism by which this migration is 
“effected is unknown. We now present evidence that at least 
one protein exists in the subretinal space or on the cell surfaces 
which demonstrates many of the unique characteristics one 
-would expect of an interphotoreceptor retinol-binding protein 
and could function as a vitamin A transport vehicle between 








i A technique i in which sub-retinal fluid is collected by washing 
G the i inner photoreceptor space of the detached retina and by 
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gel epee aad T acco electron microscopy have | ; 
given strong evidence that the tissues do, in fact, remain intact- 
during the lavage procedure’. We have now measured `H- ~ 
retinol binding in four retinal compartments in the rabbit eye: > 
(1) supernatant of homogenized neural retina, (2) washes of - 
the photoreceptor surface (retinal fraction of the sub-retinal — 
fluid space (SRF/NR), (3) washes of the apical surface of the >- 
retinal pigment epithelium (RPE fraction of the sub-retinal 
space (SRF/RPE) and (4) supernatant of homogenized RPE- 
choroidal tissue. Eyes from young adult New Zealand albino- 
rabbits were removed under light anaesthesia, NR and RPE ` 
gently separated and the surfaces washed with isotonic saline 
as previously described’. Animals were light- or dark-adapted 
overnight before experimentation. Manipulations involving - 
dark-adapted samples were performed under dim red light. -> 
Preparation of the supernatant fraction of tissue homogenates 
and gradient analysis techniques have already been described”. 

We have previously shown that a 7S retinol-binding protein 4 
is present in the supernatant fraction of adult retina of several 
species as well as the more ubiquitous 2S cellular retinol-binding 
protein, CRBP**. Retinol is bound endogenously to the 7S 
species as well as to the 2S protein, as assessed by relative 
fluorescence intensity measurements’. The 7S species appears 
to be primarily associated with the photoreceptor outer seg- 
ments since (1) it is not ap pparent before outer segments appear 
in the embryonic retina’, (2) it is not present when: ‘Outer 
segments are absent, as in the disease retinitis pigmentosa’ and 
(3) its concentration is increased when outer segments are 
partially purified although it is lost on extensive purification’. 
Moreover, the 7S retinol-binding activity is greater in the 
soluble extract of light-adapted frog retina and outer segments 
than in those of the dark-adapted state. In the present study ™ 
with rabbit, we observed both 7S and 29 *H-retinol-binding 
proteins in the retinal supernatant fraction after sucrose 
gradient analysis (results not shown). Both binding proteins (7S 
at about fraction 13; 2S at about fraction 28) can also be 
observed in the washings of the photoreceptor surface of the 
retina, the subretinal fluid area (SRF/NR; Fig. 1a, b): 75- 
binding is appreciably greater (three times) in the light-adapted . 
state than in the dark-adapted while the amount of 25 binding 
is virtually identical in the two samples (Table 1). | 

The specific activities of the 7S and 2S binding are much — 
higher in the subretinal compartments than in the supernatant © 
fraction of retinal homogenate (Table 1). In the light, this 
amounts to a 24-fold difference in 7S and a 65-fold difference ~ 
in 2S binding when the SRF/NR wash is compared with the © 
retinal supernatant. Examination of the washings of the pigment 
epithelial surface (SRF/RPE) reveals a similarly dramatic 
light/dark difference in 7S receptor binding, although there is 
a pronounced light effect on 2S binding as well which is not 
observed in the SRF/NR wash (Fig. 1c, d; Table 1)..7S8 b 
is 6.6-fold higher in the light than the dark while 
is 4.7-fold higher in the light. 2S *H-retinol bindin 
in the supernatant fraction of RPE-choroidal tissi 
























Table 1 *H-retinol binding in retinal compart 
pmol `H- renal pound: per mg protein 
Compartment 7S ar). 
Light Dark Light Dark 
Retinal 3440.5 2.14+0.4 1.5403 — 2.6% 0:5 
supernatant l a 
SRF/NR wash  83.0+10 28.045 97.0+12 90.0+10 
SRF/RPE wash 19.2+4 2.940.6 198.0425 42.647 
RPE choroidal + * 40+0.6 460.8 
supernatant 





Conditions as given in Fig. 1 legend. Values given are averages +s. d. 
of duplicate gradients from three separate experiments. 
* Below the limits of detection. 
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a ‘Big. 1 Sucrose density gradient centrifugation patterns of °H- 
retinol binding to washings of a, b, the retinal photoreceptor 
‘surface (SRF/NR); c, d, the pigment epithelial surface 
(SRE/RPE). a, c, From light-adapted animals; b, d, from dark- 
adapted animals. The saline washes of the tissue surfaces were 
diluted 1:2 with Tris buffer {10 mM Tris, 10mM KCl, 1mM 
EDTA, 1mM dithiothreitol) before gradient analysis and then 
incubated with 2.8 x 10°? M all-trans, 1-°H-retinol (5 Ci mmol ` 
NEN) for 2 hat 4°C in the dark, 250 yl aliquots were then levered 
on 4.6 ml continuous sucrose gradients (5-20% sucrose) in the 
Tris buffer and centrifuged for 16 h at 243,000 g. About 35 frac- 
tions were collected and their radioactivity determined. The top 
~ of the gradient is at higher fraction numbers. Protein concentration 
| was determined by the method of Lowry eral.'*, Binding specificity 
`: was checked by incubating parallel samples with a 500-fold molar 
~~ excess of unlabelled retinol. The total amount of specific binding 
in each peak was determined by summing the total c.p.m, under 
= the peak area and then subtracting the non-specific counts which 
“Jay below the peak nadirs. Patterns given are representative pat- 
terns from three separate experiments, each having duplicate 
analysis within the separate experiment. 


‘but has a much lower specific activity than in either the SRF/NR 
or SRF/RPE fractions (Table 1). There is no detectable 7S 
binding i in this compartment. 

Kuhn” has shown that several proteins are differentially 
‘bound to photoreceptor membranes in light and dark. This 
offers the simplest explanation for our results—that the 7S and 
9 perhaps the 28 species are ‘peripheral’ proteins, loosely bound 
at the membrane surface. The enhancement in binding in the 
SRF washes compared with the tissue homogenates and the 
light/dark effect are both consistent with this postulate. As 
"H-retinoid binding studies do not measure the porua amount 


















toa an increase in RE unlabelled retinol i in hese 
fementy, : a decrease in the actual amount of Pinag 











y is adei but should also be e in light of the 
ting finding that a defect in vitamin A metabolism may 
lved in hereditary retinal degeneration in an animal 
[Lage LaVail et al.” have also estab- 





the apparent binding activities are marked 


r ely high in the. extracellular subretinal si 











Since free retinol is labile and a potentially tox 
which can alter cellular membranes’*, as exempl 
retinoid-evoked release of enzymes from NR and R 
somes'*, some sort of carrier might be expected to be 
at the various stages of retinoid transit into and th 
cells. Moreover, retinoid, used in the visual cycle of th 
is supplied through the PE cell from the choroidal b 
necessitating a generalized vectorial movement í 
well as the more localized, light-evoked ‘shuttl 
between PE and retina during the visual cycle. It wor 
likely, then, that the 7S binding protein and the 25C 
both likely candidates for the role of retinoid transport 
between the sensory retina and the pigment epithelium. 
7S protein which we call interphotoreceptor retinol-binding 
protein seems to be a particularly interesting protein for further. 
study due to its restricted presence in the retina, its localization: 
and high concentration in the subretinal photoreceptor matrix 
and at the membrane surface and its apparent control of ‘binding ` 
by light. na 
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Detection of K* and Cl channels 
from calf cardiac sarcolemma 
in planar lipid bilayer membranes 
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The ionic currents underlying the cardiac action potential are 
believed to be much more complex than those in nerve” 
During the cardiac action potential, various membrane channe 
control the flow of K*, Na*, Ca?” and CI across the sarcolemma 
of cardiac muscle cells?~”. Thus, it has become incr 
clear that a detailed knowledge of the mechanisms tha 
(or inactivate) heart channels is required to understand c 
excitability”. We report here the use of planar lipid 
techniques to detect and characterize K* and Cl” chann 
purified heart sarcolemma membrane vesicles. W: 
identified four different types of channel on the basis of 
selectivity, conductance and gating kinetics. We present in some 
detail the properties of a K* channel and a CI" channel, Wi 
have tentatively identified the K* channel with the i, type o 
adhe found in Purkinje, myocardial ventricular” 
trial’ fibres. The chloride channel might be related to th 
vine ir chloride current found in Purkinje fibres****, 
We have used sarcolemmal membranes isolated fre 
myocardium by a method similar to that described in- 
This method is particularly suitable for our purposes t 
it minimizes contamination by sarcoplasmic reticulum. Ionic 
channels present in membrane vesicles purified from heart 
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mg mi“: Lip 
hires: of 5x ig” aE The erin ater) two équeous ae each 
aoe a volume of ~100 yl. Electrical measurements were made with a 
` two-electrode voltage clamp”. One of the chambers (cis side) was con- 
ve nected to a function generator to control membrane potential, while the 

second chamber (trans side) was connected to a eurrent-to-voltage conver- 
~ ter, Thus, the trans side is virtual ground, A positive current is defined as 
_ cation flow into the trans side. Ag/AgCl electrodes in series with 0.2 M KCI 
agar bridges served to connect the bilayer solutions to the electronics. 
_ Cardiac sarcolemma was prepared from calf ventricle using the procedure 
=o of Jones et al“. Membranes were stored at ~40°C in 0.4M sucrose, 
<- 10mM HEPES-Tris, pH 7.4. The protocol used to incorporate single 
~ channels into the bilayer was as follows. Thawed vesicles were diluted to 
a final concentration of 50-100 pg protein per mi in 0.1M KCI, 1 mM 
_ CaCl, 5 mM HEPES-Tris, pH 7.2. After forming the bilayer in symmetrical 
OLM KCI, 5 mM HEPES-Tris, pH 7.2, the cis chamber was perfused with 
e vesicle-containing solution. Once the initial jump in conductance was 
erved, the cis chamber was extensively perfused with 0.1 M KCI, 5mM 


applied potential is negative (that is, 


| sarcolemma can be transferred to planar membranes by a 
Ca**-induced fusion procedure” ‘6 Incorporation of channels 
proceeds very quickly, eliciting in a few minutes an increase in 
~ bilayer conductance of two or three orders of magnitude pro- 
x vided that two conditions are met: the presence of an osmotic 
_ gradient across the bilayer (the vesicle-containing side hyperos- 
motic), and the presence of Ca** in the vesicle-containing side. 
As described elsewhere, these conditions favour fusion of 
purified membrane vesicles'*"'” and liposomes'® to planar 
bilayers. However, when the solutions bathing the membrane 
are kept symmetrical, and the Ca** concentration in the vesicle- 
containing compartment is low (1 mM), we usually observe the 
incorporation of single channels of one type. Figure 1 shows 


5 Fig. 2 -Electrical charac- 
= teristics ofa K“ anda CF 
-channel a; Recordings of 


-80 mV a 








k a underlying < the single 
. burst in the top trace is 


C indicates the closed state peak. 


- expanded in the bottom trace. The bar underlying the last three bursts is Canandea | in the middle trace. 1 KHz filtering. d, Histograim: - 
showing the relative occurrence of all current levels present in c. All measurements were done on ce O.1.M: KCl, pH72 


egie 


























































e, mae a eee 


_K t28 psa * n y i 
ma 






peter aenor 









K*15 ps | M ' Wa 


CI” 55 pS wa dd be 


$-Tris, pH 7.2, to remove non-incorporated protein. All single-channel records were stored on FM tape for further analysis. By convention, in all redordil a 


shown, the channel opening is an upward deflection (that is, 95 pS and 15 pS K“ channels) if the applied voltage is positive, or a downward deflection if the. 
28 pS K` channel and 55 pS Cl channel). The conductance of the bare bilayer (<5 pS in all cases) is indicated by the | 


horizontal mark at the beginning of each single-channel trace. For the recordings shown, the applied potential was +100 mV for the 95 pS channel, ~40 mV 
for the 28 pS channel, +30 mV for the 15 pS channel and ~S0 mV for the 55 pS channel. (K +) or (CI) indicates whether a given type of channel is Nernst 
: selective for K* over Cl Gabelled K`) or vice versa (labelled Cl”). Experiments were performed at room temperature, 22 4:2 °C. 


four types of single-channel current (which are also the most 
common) in the planar membrane. The first three records 
correspond to channels having reversal potential values typi- 
cally observed when Cl” is completely excluded. The fourth — 
record corresponds to a channel permeable to Cl” but not K*. 
The 95 pS channel shown in Fig. 1 has a complicated gating 
kinetics consisting of one open and at least two closed states, 
is voltage independent and does not discriminate between K“ 
and Na’, or among other alkali cations. The 15 pS. channel 
shows a ‘noisy’ open state and a permeability ratio, Py*/ Pra” af 
of 3. None of the channels shown above is activated by Ca** 

as they persist even if the Ca** concentration is 107° M. The 
kinetics of the 95 pS channel is, however, substantially modified 
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= healt Fae! Anm ool rome ore mM AN y mm ps ia E O 
aE a Yat a Biehl ew wh O die a t ba é a meone 
‘membrane, at the voltages omi ee epei 
dicated. 1 KHz filtering. -60 mV Bag oan, 
b, Histogram showing the re ae 
lative occurrence of the pe ae, alk kaon Ulan TOs far e a a 
yo conductance. Jevels of daii sh oly da Vas ii oan 
‘the 28pS channel at | re 
~40 mV. It was obtained -40 mV 400 ms 
“by feeding long records E 
om 8). of current fluctu- beatae “on ‘ons Pi TER aS a aaa S 
b 
att value aoe the 
open state is. 28 pS. c, A e 
“Recordings of the 55 pS- TRO i 
ees cnet —/ m jc PEA te 
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: Fig. 3 Single-channel current-voltage curves for the 28 pS K* 
~~ channel and 55 pS. CI” channel. a, Mean single-channel currents 
wee obtained from histograms, such as that shown in Fig. 2b for the 
K* channel, were plotted for a membrane formed in 0.5 M KCI 
side, 0.1 M KCI trans side, 5 mM HEPES-Tris, pH 7.2, both 
..6, Single-channel current-voltage curve for the CI” channel 
ymmetrical 0.1 M KCl, 5mM HEPES-Tris, pH 7.2. Time- 
rage currents through the open states were measured by filter- 
ing bursts at 5-10 Hz and computing the mean current. c, Current- 
= voltage curve for the same channel in 0.5 M KCI cis and 0.1 M 

KCI trans... Voltage indicated at the arrow corresponds to the 

extrapolated zero-current voltage. 





















D yy cis Ca”. As the cis Ca?” is decreased below 1 mM, the long 
losing events (clearly seen at the bottom record of the 95 ps 
annel in Fig. 1) generally disappear. The properties of the 
18 pS K* channel and the 55 pS Cl channel are described in 
re detail below. 
he 28. ps K* channel shows well defined rectangular single- 
nnel currents (Fig. 2a). The current step size is directly 








given conductance state is voltage dependent. As the 
ze made. more positive, the channel remains longer in 


1¢ increases from 6 ms at ~80 mV to 60 ms at 
V. The probability histogram (Fig. 24) further corrobor- 
: > two-conductance-state nature of the channel, as only 
twa peaks c can be ousetved: The open state is, however, inter- 








is we ms Pe may y indicate tl ci presence of a sec 
| distinguishable closed state. The electrical acti 


oportional to voltage; however, the time the channel remains 


guration. For the records shown in Fig. 2a, the. 
















channel is much more complicated (Fig. 2c ye 
stay closed for several seconds, then it opens an 
fluctuate rapidly between several conductance stat 
tom record of Fig. 2c). We interpret this type o 
represent the fluctuations of a single channel 
open conductance states and at least two clos 
probability histogram in Fig. 1d shows clearl 
open conductance states with conductances of 15, 

For the K* channel shown in Fig. 2a, we also mea 
current passing through a single channel in the prese 
fivefold KCI concentration gradient (Fig. 3a). The 
potential for the current transported through a. single 
is Tee mV, in agrecment ‘with: that pecia by the | 

































































the bi-ionic potential: or. 0. 1 M KO (veidoto 
side)/0.1 M NaCl and found a reversal potential of ~ 
This implies a permeability ratio Py+/Py t= 5 oo o0 

For Cl” channels, because of the complexity. of the re M 
we have plotted the average of the weighted. mean. curr 
through the channel as a function of voltage. Figure 3b shows 
that the mean current through the single channel is a nonlinear 
function of potential. For negative potentials, current increase 
more than linearly. For positive potentials, however, the current 
reaches a limiting value. Analysis of histograms, such as that 
shown in Fig. 2d, indicates that the shape of the curve in Fig. 
3b arises as a consequence of the voltage dependence of the — 
number and distribution of the different conductance levels: 
Figure 3c shows the current passing through the channel in the 
presence of a fivefold KCI gradient. From Fig. 3c, we obtained 
a reversal potential of +35 mV. The diffusion potential expected 
when cations are completely excluded is +36 mV, == 

At this point, we would like to discuss the physiological rol 
of K* channels in the heart. In Purkinje fibres, Noble and 
Tsien'*’° described three time- and voltage-dependent outward 
currents in which the main current-carrying species was K`. 
These currents are the pacemaker currents, ix, (but see ref. 
20), and the repolarizing currents i, i... In addition, a fourth | 
time-independent K* conductance showing inward-going | 
rectification, ig, is also. present. More recently, Ca? -activated 
K* conductances have been shown to contribute to the: early 
repolarization phase of Purkinje action potential’ as well as 
to the steady-state K” conductance*’. Many of these: currents 
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Fig. 4 Single-channel activation curves. The fraction of tim 
the open state [F(V)] of the 28 pS K“ channel was obta 
three different membranes containing one channel in difi 
ionic conditions. F(V) was calculated from histograms : 
that shown in Fig. 2b. W, F(V) in symmetrical 0.1 KCI 
HEPES-Tris, pH 7.2. @, F(V) in 1M KCl, 5 mM HEI 
pH 7.2. A, F(V) in 0.2M KCI, 5 mM HEPES-Tris, pH 
0.1M KCl, 5 mM HEPES-Tris, pH 7.2 trans. Dashed lin 
steady-state conductance voltage curve of the repolarizing ¢ 

ixis and was taken as described in ref. 2. 


























































ndings 1 cardiac muscle, we ‘describe here saveral 
es of channel in which K* is the major current carrier. In 
articular, Fig. 4 shows that the voltage dependence of the 
28 pS K* channel is comparable with that of the i, currents 
| (dashed line) described in ref. 2. Furthermore, a Py-/Pxz=5 
for this channel correlates well with the finding that i, currents 
` are not purely K* currents’’. Although the assumption that i, 
and the 28 pS channel activate with the same polarity of voltage 
is arbitrary, we are inclined to view the cis chamber as 
equivalent to the cytoplasmic side of the incorporated channel 
‘based on the following observations: (1) all 28 pS channels 
vig gate in the same direction, that is, the direction of Fig. 
4. (2) inside-out cardiac sarcolemma vesicles fuse more readily 
than right-sided vesicles, which in the most simple model of 
fusion would leave the cytoplasmic face of the incorporated 
_ channels in the cis sidef; and (3) the same incorporation 
~ procedure described here when applied to skeletal muscle mem- 
~ branes results in the incorporation of Ca” -activated K* chan- 
nels with the Ca?” site on the cis side’’, Nevertheless, if the 
-<28 pS channel were, in fact, to be activated in the cell by 
_ hyperpolarizing voltages, it would have the gating characteris- 
_ tics of the recently described inward pacemaker current, i; (ref. 
20). Thus, į is a time- and voltage-dependent inward current 
~ which activates by hyperpolarizing voltages and is a mixed K, 
<- Na* current™’. Chloride ions, on the other hand, although 
- clearly involved in the generation of the cardiac action potential, 
- have not been unambiguously identified with a particular cur- 
-rent component. This makes it difficult to assign a physio- 
logical role to the CI channel found in the present work, so 
that more. experiments need to be performed in both cardiac 
cells and bilayers to make a complete identification of this 
_ channel. Finally, the channels from cardiac sarcolemma can be 
-incorporated into bilayers made from monolayers (data not 
shown). This method has been recently used to reconstitute the 
acetylcholine channel***®. In this type of membrane, we found 
= that the electrical activity is quite complex and indicative of 
the presence of several types of channel. Using this method, 
< we have been able to identify the 55 pS Cl” channel and several 
of the K* channels described above. Our choice of the fusion 
- method reported here to incorporate cardiac sarcolemma chan- 
nels was based on the observation that membranes containing 
a single channel can be obtained easily. This enormously 
‘simplified the analysis of the data. 
This work was supported by NIH grants GM- 25277 and 
:  GM-28992 and by a postdoctoral fellowship to R.C. from the 
Muscular Dystrophy Association of America. We thank 
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Cell surface interactions involving carbohydrate may bes impor- 
tant in immune recognition. Previous work from this laboratory 
has demonstrated the presence of ‘lectin-like’ receptors on- 
mouse peritoneal macrophages that bind bacteria by means of 
their cell wall sugars™“. Others have shown that Ia molecules 
can bind antigen at specific sites which may be involved in 
presenting antigen to the immune system” and recent work has 
shown that these molecules can carry carbohydrate deter- < 
minants“”. It has also been found that human Ia molecules can 
bind to carbohydrates’. As cell surface carbohydrate recogni- 
tion mechanisms have been implicated in other immune interac- 
tions’ sugar-specific receptors may have a function in self— 
non-self recognition. We show here that the binding of the 
bacterium Staphylococcus albus to mouse peritoneal 
macrophages was inhibited by various conventional and mono- | 
clonal antibodies to Ia antigens suggesting that an I-region gene 
product may be associated with the binding of unopsonized 
bacteria. 

The binding of $. albus to glass adherent mouse peritoneal 
macrophages was measured at 0°C in serum free buffer using 
a predetermined concentration (approximately 5 x 10° organ- _ 
isms per ml) that gave 25-50% binding to control macrophage 
preparations’. When macrophage monolayers from 
C3HfBu/Kam mice were pretreated with conventional alloanti- 
sera of defined specificity there was dose-dependent inhibition 
of binding (Fig. 1) as compared to untreated controls, with 
A.TH anti-A.TL at 1:100, 1:300 and 1:600 (P <0.05) and 
WS9 at 1:100 (P<0.01) and 1:333 and 1:1,000 (P <0.05). 
However, A.TL anti-A.TH and WS4 were without effect at all 
dilutions of antibody used. At a dilution of 1/10 of WS4 (anti 
D*) maximal fluorescence was obtained in a direct 
immunofluorescence test confirming that at the dilution used 
macrophages were maximally binding this antiserum. Both 
A.TH anti-A.TL and WS9 react with H-2I*, as well as H-2S* 
and H-2K* respectively. A.TL anti-A.TH is directed against 
H-2I° and S* while WS4 recognizes H-21-C", S" and D*. These 
results suggest that an I-region determined product is involved 
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Table 1 Inhibition of binding of S. albus to macrophages by ee 
H10-2. 16 and anti-macrophage antibody : 





Inhibition of binding (%) 


a H10-2.16 
Unadsorbed 19.9+5.7 
Adsorbed 32.6+7.9 © 
b Anti-macrophage antibody | 
Dilution 
5 2.64 11.2 
l 1.945.9 
E -3.16.7 


a, 1 ml of 1: 10 dilution of H10-2.16 antibody incubated with 3 x 10° 
S. albus at O°C for 2h. The bacteria were removed by centrifugation 
and antibody used at a final dilution of 1:50 as described in Fig. 1. 
Unabsorbed antibody was treated as above but without the addition 
of S. albus. Each figure represents the mean +1.s.e. of four experiments. 
b, The monoclonal antibody specific for macrophages (rat IgG against 
mouse macrophages. Sera-lab, Sussex) was incubated with macrophage 
monolayers for 40min at 0°C before incubation with bacteria as 
described previously. Each figure represents the mean +1.s.e, of three 
experiments. 
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Š Fig. 1 The effect of various alloantisera on. the binding of $, albus to 
_ C3HfBu/Kam peritoneal macrophages. Each point represents the mean 
. t1.s.e. of between 3 and 8 experiments. S. albus was grown in horse digest 
broth containing 2.5% glucose, cells were collected in log phase and killed 
"by exposure to 0.5% formalin at 4°C for 24 hours. Mouse peritoneal 
: macrophages, obtained by lavage, were suspended in Eagles minimal essen- 
tial medium (Wellcome Research Laboratories) without serum, buffered 
With HEPES and supplemented with penicillin streptomycin and glutamine, 
ata concentration of 2x10% macrophages per ml. One ml of the cell 
-preparation was layered onto 13-mm diameter (No. 1) glass coverslips in 
mm diameter tissue culture plates (Costar) and incubated for 1h at 
. Non-adherent cells were removed by washing with Dulbecco's phos- 
hate-buffered saline containing Ca?* and Mg** ions (D.PBS +B). 
önolayers were incubated with 0.25 ml of appropriate dilution of 
lloantibody or diluent control (D.PBS +B) at 0°C for 40 min and then 
‘ashed twice with D. PBS +B. Coverslips were overlaid with l mi S. albus 
P 
























ine ubations as judged by trypan blue exclusion and general mor- 
ched organisms were removed by repeated washing with 
the coverslips air dried, fixed in methanol and stained with 
smsa. The degree of bacterial binding was estimated 
determining the percentage of macrophage with organ- 
attached a two or more discrete points. Two hundred macrophages 
counted on duplicate coverslips and % inhibition was calculated as 
‘the difference between control and test divided by the control x 100. 


of two notional ar abadies on s. albus a to 
Kam peritoneal macrophages was determined 
yth antibodies which react with I-A products gave 
t inhibition (H 8-109.13; 1:1,000 P <0.001; 1:10%, 
nd.1:10° P<0.01: Antibody H 10-2. 16; 1: 20, 1:60, 
80 P<0.05), indicating a possible role for an I-A 
‘gion product in bacterial binding. The possibility that the 
ion observed might be due to cross-reactivity of Ia anti- 
s and the bacterial surface is excluded (1) by the extensive 
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Inhibition of binding { %) 











Dilution C57BL/6 BALB/c C3 
1:10° 3.0+6.1 9.1+11.4 : 
1:10% ~4.8+11.4 0.9+1.9 1.9 
1:105 ~2.743,1 10.145.6 ma 
1:10° 10.0466 = -10.149.2 6 






C57BL/ 6 (b hanlotipe) and BALB/ c (d fe eee mice 
the Moredun Institute, Edinburgh, C3H.OH (02 haplotyp 
Olec 76, Bicester and C3HfBu/Kam were from the ‘dep I 
breeding colony, Each figure represents the mean +1.s.e. 
experiments. Female mice age 6-8 weeks were used. 




























































washing of the monolayers prior to the addition of bacteri : 
(2) by adsorption of the monoclonal antibody H 10-2. 16 wi 
S. albus. The latter treatment did not- significantly alter the 
inhibitory capacity of the antibody (Table 2). Table 2 also shows 
that antibody directed against macrophage membrane deter- 
minants other than H-2 has no effect on bacterial binding. This 
indicates that the observed inhibition is a function. of the 
alloantibody used. : 
The monoclonal antibody from clone 8-109.13 is specific for a 
a private determinant of I-A*. Therefore this antibody. should - 
only inhibit bacterial binding to macrophages from a ‘mouse | 
with k haplotype. The effect of H8~109.13 on the binding of 
S. albus to peritoneal macrophages from various mouse strains, — 
with different haplotypes is shown in Table 3. As described. 
above binding to cells from C3HfBu/Kam mice (k haplotype) 
was blocked by this antibody (Fig. 1). However, the attachment 
was unaffected by pretreatment of macrophage monolayers. 
prepared from mice with b, d or 02 haplotypes with this anti- 
body. This observation further suggests that a product of the 
I-region is involved in unopsonised bacterial recognition. and 
that the observed inhibition by the various alloantibodies was 
not due to crossreactivity with a general ‘lectin-like’ receptor 
showing similar antigenic determinants to a product of I-A‘. 
The data do not necessarily imply the ‘lectin-like’ receptor 
for bacterial cell wall sugars and the Ia antigen on mouse: 
peritoneal macrophages are identical and there are a number _ 
of possible explanations for the findings. For example, Ia anti- 
gens may bind bacteria, and possibly other antigens, directly 
or as postulated by Higgins et al.” protein-Ia acting as a glycosyl 
transferase could catalyse the attachment of bacteria to” 
glycolipid la. The observed inhibition of bacterial binding by 
various alloantibodies could be due to blocking of these: struc- 
tures or inhibition of glycosyl transferase activity. The possi- 
bility has also not been excluded that the bacteria bind to a 
separate receptor which is in close proximity to the I-region 
determined structure and that the decrease in binding i is due 
to steric hindrance. ve 
Complete inhibition of bacterial binding. was never obtain d 
with any of the antibodies used. Similarly, in sugar inhibitio 
studies with glucose or galactose, bacterial binding with S. al 
to various phagocytes was only partially inhibited by thes 
These results indicate that the interactions of unopson 
bacteria with macrophages involve a number of recogni 
processes. These could include binding of bacteria 
macrophage ‘lectin-like’ receptors’ and attachment mediat 
by lectin molecules in the bacterial cell wall'’?"?. It has a 
been proposed that phagocytes can bind particles by nonspecifi 
mechanisms'* including hydrophobic interactions. 
Results to date in which monolayers were treated 
alloantibody and then with glucose or galactose showed 
additional inhibition to that seen with alloantibody alon 
suggests that both reagents are reacting with the same si 
Further work including cell membrane fractionation proce 
is planned to determine the relationship betwee 
macrophage ‘lectin-like’ receptor previously describe 
laboratory and the I-A associated product responsibl e 
attachment described here. 








ir system including cell-cell interactions and 
sentation to lymphocytes. The data described above 
ggests that macrophages bearing an I-A gene product bind 
unopsonized bacteria. This interaction may lead to phagocytosis 
and initiation of the immune response in the non-immune 
animal. 

© This work was supported by a grant from the MRC. The 
monoclonal antibody from cell line 8-109.13, the WS9 and 
WS4 antisera were a gift from Professor H. Festenstein. The 
A.TH anti-A.TL and A.TL anti-A.TH were donated by Dr 
Jana McBride. The monoclonal antibody from cell line 10-2.16 
was a gift from Dr E. Unanue. 
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The major histocompatibility complex(MHC)-linked fourth 
component of complement (C4) shows a high degree of poly- 
morphism in several animal species’*. In man C4 polymorph- 
ism was detected by distinct charge differences of the variants” 
O'Neill et al. showed that this C4 polymorphism was control- 
“Jed by two closely linked genetic loci, F (C4A) and S (C4B) 
and these results were extended by Awdeh er al.’ with an 
: improved typing method. Biochemical analysis of human C4 
has revealed that it consists of three polypeptide chains, a, 8 
dy”, In all reports so far on the molecular analysis of human 
48-9 no molecular weight differences between the A and B 
us-encoded molecules have been noticed. Here we demon- 
ate that the C4A and C4B locus-encoded a-chains have a 
ular weight (MW) of 96,000 and 94,000, respectively, 
enting for the first time a molecular basis for the difference 
tween all C4A and C4B variants tested. Even rare variants 
are difficult to allocate to the A or B locus on the basis 
arge. differences'** could be identified as C4A or C4B 
ariants in this way, thereby providing new insights into the 
faon Mipr h between the C4A and C4B loci. 





have sa MW 0 of about 95, 000, T5, 000 and 30, ‘000 respec- 

tively for C4 from both loci??, By modifying the ratio of 
£ imide to N,N’-methylene bisacrylamide (bis) in the gels, 
the separation properties of the gels are changed since both 
shape | of the molecule determine the electrophoretic 
i ity in the: gel. Thus, when C4 from several phenotypes, 

ped ‘by agarose electrophoresis, was analysed by modified 











tens were ` deterns | J ‘a. 
according to the method of Awdeh etal.” > e A the C4A re 
variants Al, A2 and so on, the C4B. variants B1, B2 and so — 
on, and silent alleles QO. Figure 1a shows the SDS-PAGE 
analysis of the most common variants for each locus, A3 and ` 
Bi, present in three phenotypes A3,3BQ0,Q0, 
A3,3B1,1,AQ0,Q0,B1,1 and as a negative control 
AQ0,Q0BQ0Q0 (lanes 1-4). The a-chain of the A3 variant. . 
has a MW of 96,000, while the a-chain of the BI variant has © 
a MW of 94,000. No difference in the B- and y-chains was 
visible. As agarose typing of the C4 variants is usually carried 
out after removal of sialic acid with neuraminidase” we also Da 
analysed the same phenotypes after desialization (see Fig. aye 
lanes 5-7). A similar reduction of ~3,000 in the MW of both — 
the C4A and C4B a-chains was visible. No change in MW of | 
the 8- and y-chains was found. 

To confirm the difference in MW between A and B locus- 
encoded a-chains, anti-Rodgers (Rg*) and anti-Chido (Ch*) 
sera, which have a known specificity for C4A and C4B 
molecules respectively'°"* were used. C4, precipitated from 
neuraminidase-treated plasma of different haplotypes, was ana- 
lysed by SDS-PAGE, followed by blotting of the proteins in 
the gel onto nitrocellulose sheets as described previously’”. The 
sheets were then reacted with anti-Ch*, anti-C4 or anti-Reg’; 
the results are shown in Fig. 1b. The three C4 phenotypes 
reacted with anti-C4, revealing the C4 a-, B- and y-chains 
(lanes 4-6), in addition to some background bands (lane 11). 
With anti-Ch* only the C4B a-chains became visible (Fig. 1b, 
lanes 1-3), and with anti-Rg® only the C4A a-chains were 
detected (lanes 7-9) over the background (lane 10). Samples 
which had not been treated with neuraminidase gave qualita- 
tively similar results. Also, when unreduced C4 was analysed 
by SDS-PAGE in a 6% gel, a MW difference was found between ? 
native C4 from the A and B loci, After blotting and analysis 
of the variants A3 and B1 with anti-Ch* and anti-Rg* a reaction 
of the C4A molecule with anti-Rg’*, and a reaction of the C4B 
molecule with anti-Ch® was found (data not shown). 

To establish whether the difference in a-chains between C4A 
and C4B variants applies also to other variants than the most 
common ones, we have analysed several different phenotypes, 
including some with rare and new C4 variants. The agarose 
electrophoresis patterns of 14 phenotypes are shown in Fig. 
2a; as the pattern is highly complex a schematic presentation 
of the individual C4A and C4B variants is shown in Fig. 3. The 
C4A variants show generally a higher mobility than the C4B 
variants but some variants do overlap. This is especially the _ 
case for the B4, B5 and B5.1 variants which do overlap with © 
most C4A variants and for the Al variant which overlaps with 
most C4B variants. In this case C4A or C4B variants can only 
be identified by genetic studies and by analysing the functional _ 
activity with a lytic overlay (Fig. 2b), since the functional activity — 
of the C4B variants is about 10-fold higher than C4A_ 
variants’ t. As can be seen from Fig. 2a and b the A1 variant 
(lane 5), like other C4A variants, does not show lytic activity, — 
while the B4, BS and B5.1 variants show a lytic activity similar — 
to all other C4B variants. When the different phenotypes were | 
analysed by SDS-PAGE (Fig. 4) all the C4A variants Al, A2, 
A3, A4, A5.1 and A6 (A5.1 not shown), showed an a-chain 
with a MW of 96,000 while all the C4B variants, B-2, B1, B1.1, 
B2, B4, B5 and B5.1 (B-2 and B4 not shown) showed a-chains 
with a MW of 94,000, Thus with this method even variants 
that overlap in the agarose gel electrophoresis can be identified 
structurally as C4A or C4B variants. 

As some informative phenotypes were not available, 
however, our experiments do not exclude the possibility that 
the A4 and AS.1 variants contain an a-chain with a 94,000 
MW in addition to the 96,000 a-chain; nor can it be excluded 
that the B-2, B1.1, B2, B4, B5 and B5.1 variants contain a` 
96,000 MW a-chain in addition to the 94,000 a-chain. This is, 
however, unlikely as the variants Al, A3, A6 and B1, aioe 
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: ir Jeana a ARAA =a A rE E a Mini Were) a . Ei TS ae nr "aS 
ws pn =. ats hai Sa AGR s Batin 2 5 Pa ait ae! 7 rom, gi . $ tb’ j 3 | 7 
Nature Vol. 298 26 August 1982 l 855 


eS A 


Fig.1 Polymorphism of the C4 æ-chains 
as detected by SDS-PAGE of human C4 Untreated Neuram treated 
and neuraminidase-treated human C4. a, 
C4 was immunoprecipitated from human 
EDTA-—plasma with goat anti-human C4 
{Atlantic Antibodies). The precipitates 
were washed, disintegrated and reduced 
as described previously*’, except that 
10% 2-mercaptoethanol was used. SDS- 
PAGE was carried out according to a 
modification of the method of Laemmli 
et al.™; a 10% acrylamide gel was used 

with a ratio acrylamide: N.N'-methylene 

bisacrylamide (bis) of 1:0.006, For the 

separation of unreduced C4, a 6% acry- 

lamide gel was used with an acry- 

lamide : bis ratio of 6: 0.0013. To prevent 
the gel from sticking to the glass plates, C4Aa 
0.3% agarose (Ultra Pure; Bio-Rad) was = 
incorporated in the gel. 6, After elec- C4Ba 
trophoresis, proteins in the gel were blot- 

ted on to nitrocellulose sheets by com- C4p — 
pressing the gel for 1h between two of 

these sheets and a 2-cm layer of tissues'”. 

Thereafter, the gel was stained with IgG HC — 
Coomassie blue R250. The nitrocel- 

lulose sheets were incubated overnight 

with 15 ml blotting buffer (500 mM NaCl, 

10mM sodium phosphate (pH 7.3), 

10mM EDTA, 0.25% gelatin, 0.5% 

Triton X-100) supplemented with 50 yl 
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anti-Ch° serum, 20 ul anti-C4 serum or C4; — 
50 ul anti-Rg* serum. Then the sheets 
were washed for 1h with 50 ml blotting IgG LC — 


buffer, incubated for 1 h with horseradish 
peroxidase-conjugated rabbit antiserum 
prepared against human IgG or goat IgG (DAKO). The sheets were washed for 1 h before a fresh solution containing 0.5 mg ml™' phosphate-buffered saline 
(PBS) of the peroxidase substrate, 3-3'-diaminobenzidinetetrahydrochloride and 0.3% H,O,. The reaction was stopped after 10 min by washing with PBS. 
Neuraminidase treatment of human plasma was carried out according to Awdeh et al.”. a, SDS-PAGE: lanes 1-4, C4 precipitated from EDTA-plasma; lanes 
5-7, C4 precipitated from neuraminidase-treated EDTA-plasma. 6, Blots treated with: lanes 1-3, anti-Chido serum: lanes 4-6, anti-C4 serum; lanes 7-9, 
anti-Rodgers serum; 10, normal human serum (NHS); 11, normal goat serum (NGS), 





other locus, only showed one a-chain. In all cases where one neuraminidase treatment. This resulted, as shown in Fig. 1 for 
or two C4A variants were present, an a@-chain with a MW of the A3 and B1 variants, in a decrease in the apparent MW of 
96,000 was found whereas an a-chain with a MW of 94,000 3,000 for both the C4A and C4B a-chains; the difference 





was always found when one or two C4B variants were present. between the a-chains of the C4A and C4B variants remained E 
Since the typing of the variants in agarose gels (Fig. 2) was (data not shown). When comparing the concentration in the 
carried out with neuraminidase-treated samples we analysed gel of the C4A a-chains with the C4B a-chains (Fig. 4) z 
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Fig. 2 Human C4 polymorphism as detected by agarose gel elec- e 2 & a =E 9. + e Seller? a °- 9. si 4 
trophoresis. EDTA-plasma samples were treated with neuraminidase (5 U . a MK < < qa < Sa C <= i f 
per pl plasma; type VIII, Sigma) as described by Awdeh et al’. Agarose 1 2 3 4 5 6 7 6 9 0 19 #1213 44 f 
gel electrophoresis was carried out according to the method of O'Neill et $ 
al.", on 20x20cm glass plates covered with 2mm 0.5% agarose (Litex ‘ 
` 


HSA), for 5 h using a voltage gradient of 20 V cm™ until the haemoglobin 
marker had migrated at least 10 cm from the origin (some variants may 
only be recognized in such extended runs); two plates were run in parallel. 
After completion, one plate was overlayed with goat anti-human C4 serum 
(Atlantic Antibodies) overnight, washed, dried and stained with Coom- 
assie blue. The duplicate plate was covered with an agar overlay containing 
a haemolytic system with C4-deficient guinea pig serum as described pre- 
viously”, The C4 variants were attributed to the C4B locus when they 
caused a lytic banding pattern in the functional overlay™'*, The individual 
C4A and C4B locus variants were identified by comparing the 
immunofixation banding patterns and lytic banding patterns with a reference 
set distributed by Dr G. Mauff to C4 typing laboratories in 1979 and the 
final designation of human C4A and B allotypes (Al, A2,...B1.B2...) 
is in accordance with Awdeh er al.” and with a proposal of Drs G. b 

Hauptmann, G. Mauff and C.R. (see also Fig. 3). The influence of silent 1 2 T T 6 7 8 9 10 111 12 13 14 
alleles (QO) on the amount of C4A and C4B molecules present in the 
phenotypes was judged by comparing the relative strength of the A and B 
locus-encoded variants. In addition, in some cases, HLA-A, B, C, DR 
information (linkage disequilibrium) was also considered. Some variants 
could be followed in families by segregation’. a, Immunofixation banding 
pattern of 14 C4 phenotypes; b, haemolytic overlay banding pattern of the 

same samples. 
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Fig. 3 Schematic representation of the C4 variants used in this 

study. These are all the variants that could be identified at present 

<o in the Bonn laboratory. Note the designation of the variants A5.1, 
i B1.1, B5.1 and B-2. 

























“sometimes a clear difference in the intensity of the a-chains 
‘was observed. Whether this represents the presence of a silent 
lele at the locus with the fainter band is under investigation’’. 
Our results constitute the first evidence for a molecular 
difference between all C4A and C4B variants tested. All the 
` C4A variants analysed contain an a-chain with an identical 
<| MW of 96,000 whereas all the analysed C4B variants contain 
‘an a-chain with an identical MW of 94,000. This indicates that 
the C4A and C4B variants differ structurally from each other 
even though some variants among both loci have very similar 
-mobilities on agarose electrophoresis. The difference between 
< CAA and C4B a-chains is another indication that the C4 struc- 
tural genes are located in the HLA complex, and also provides 
a new analogy between human and mouse C4. In the mouse a 
different MW for the a-chains of C4 and the allotype Sip (sex 
limited protein) has been described”””’ providing evidence that 
- distinct structural C4 and Sip loci are linked to the $ region 
“>. of the H-2 complex. Another striking similarity between human 
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Fig. 4 Difference i in MW of the C4A and C4B locus-encoded 
a-chains i in 10 different phenotypes. Immunoprecipitation, SDS- 
PAGE and staining with Coommassie blue was performed as 
described in Fig. 1 legend. Lanes 1-10, analysis of 10 different 
pirtntiees: lanes 3, 4, 5 are from a different gel. The total amount 
‘Of C4 present in the samples in the gel is no indication of the level 
of C4 present in the plasma, as the C4 in the samples was adjusted 
to give clearly visible bands. 


the products of the two loci. Humar aniants po e 
functional activity that is 10 times higher thari th at of the C4A z 


variants”'*; in the mouse the C4 locus produces a functionally 


active C4 molecule, while the Sip locus produces a molecule _ 
for which no functional C4 activity has been detected”'”’. This 
could be a consequence of the structural difference between ` 


the a-chains of the two loci since the a-chains have been shown 
to be involved in the activation of C4”. 

The antisera directed against the HLA-linked Chido and 
Rodgers blood group antigens” were shown previously to 
react specifically with the a-chains of the C4B and C4A variants, 
respectively, by the agglutination test and by inhibition of the 


antiglobulin test'”'®. Our blotting method proved to be a new 







and sensitive way of analysing the reaction of the anti-Ch® and 


anti-Rg* sera with C4 a-chains of the A3 and B1 variants. Thus 


C4 variants, so far not found in a haplotype with a QO allele 
at the other C4 locus and therefore considered to be Rodgers- 
or Chido-positive only by analogy or inference, can be analysed 
directly with our method for their reaction with anti-Rg* or 
anti-Ch* serum. 


The removal of sialic acid from native C4 by neuraminidase — 


affects the a-chains, as expected’’. This result, together with 
the localization of both the Rg* and Ch” antigenic deter- 
minants'”'® and the charge difference between the human C4 
variants on the C4 a-chain”’, indicates that parts of the a-chain 
are exposed on the C4 molecule. However, the human C4 g- 





and y-chains are not affected by neuraminidase, although the 


human C4 8-chain, in contrast to the murine C4 8-chain, also 
contained sialic acid'*”’ implying that at least the carbohydrate 
part of the -chain is hidden inside the C4 molecule. 

Our findings may open new ways for the biochemical charac- 
terization of the polymorphism of human C4 and of the genetic 
organization and structure of the human C4 genes. In addition, 


our results extend the homologies between HLA and H-2 and ` 


may provide additional possibilities for investigation and under- 
standing of the association of the early complement component 
genes with the MHC. 
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The actins constitute a family of highly conserved proteins found 
in all eukaryotic cells. Their conservation through a very wide 
range of taxonomic groups and the existence of tissue-specific 
isoforms make the actin genes very interesting for the study of 
the evolution of genes and their controlling elements. On the 
basis of amino acid sequence data, at least six different mam- 
malian actins have been identified (skeletal muscle, cardiac 
muscle, two smooth muscle actins and the cytoplasmic B- and 
y-actins)'*, Rat spleen DNA digested by the EcoRI restriction 
enzyme contains at least 12 different fragments with actin-like 
sequences but only one which hybridized, in very stringent 
conditions, with the skeletal muscle cloned cDNA probe“. Here 
we describe the sequence of the actin gene in that fragment. 
The nucleotide sequence codes for two amino acids, Met-Cys, 
preceding the known N-terminal Asp of the mature protein. 
There are five small introns in the coding region and a large 
intron in the 5'-untranslated region. Comparison of the struc- 
ture of the rat skeletal muscle actin gene with the available 
data on actin genes from other organisms shows that while the 
sequenced actin genes from Drosophila and yeast have introns 
at different locations, introns located at codons specifying amino 
acids 41, 121, 204 and 267 have been preserved at least from 
the echinoderm to the vertebrates. A similar analysis has been 
done by Davidson’. An intron at codon 150 is common to a 
plant actin gene and the skeletal muscle acting gene. 
~ Act15 is a recombinant bacteriophage containing the coding 
region of the rat skeletal muscle actin gene and 11 kilobases 
(kb) of its 5'-flanking region’. A 3.7-kb EcoRI DNA fragment 
was subcloned in pBR322 (pAct15-2); the restriction map of 
the subclone and the strategy used for sequencing are shown 
in Fig. 1. The sequence of the entire coding region and the 
3’-untranslated region is given in Fig. 2a. 

- The coding sequence begins with codons for two amino acids, 
methionine and cysteine, which are absent from the mature 
protein. They are followed by the codon for Asp (GAC), the 
‘known N-terminal residue of actin. It is of interest that in all 
six Drosophila actin genes, the same two codons precede the 
‘codon specifying the N-terminal amino acids’. The translation 
a initiator codon ATG was found in all eukaryotic genes. The 















` Source and type of actin ae 
© Dictyostelium {several genes)” 








~~ Yeast??7° 4 — 
- oe DmA 6 — 
Pan aa DmA 4 13 
a DmA 2 5'-UT (-8) a 
Se chin gene Ji — 

- -Chicken skeletal musclet 5'-UT (—12) —_ 
~ Rat skeletal muscle §'-UT (—12) ~ 
i Rat it B -cytoplasmic$ 5'-UT (—6) _ 








~ +W. R. Crain and A. D. Cooper, personal communication. 
a pC ‘Ordahl, personal communication. 
T § Ref. 6 and U. N: ef al., unpublished. 





Table 1 Positions of introns in actin genes 


None 
307 
a 41 121 203 267 2a 
a 4i one 150 204 267 Gas 327 
m 41 i 150 204 267 — 327 
— 41 121 — ne 267 msan 327 


dicate the codons at which introns are localized. Numbers in parentheses indicate the position of introns in the $'-untran 
‘number of nucleotides upstream from the initiator ATG). No introns were found in the sites indicated by dashes: 






TE ; Quits 
primary y mRNA translation podia probably. cont ns 
Cys residues, which are then cleaved off the polypep 
Note, however, that the Cys codon is absent from the ra 
gene (U.N. et al., unpublished). me 

The amino acid sequence deduced from’ the nu 
sequence is identical to that of rabbit skeletal mus 
(The sequence of rat skeletal muscle actin has not be 
mined.) 

A recombinant cDNA plasmid (p106) containi gp 
nucleotide sequence of the 3'-untranslated region 
muscle actin mRNA was isolated and sequenced” 
parison of the 3’ region of the Act15 insert with p106 s 
that the Act15 insert contains 75 base pairs (bp) of the 
untranslated region of the structural gene and lacks the last 
165 bp of the 3’ end. The only differences in the overlapping 
region were two additional thymines in ploe and one A/T. 
replacement. These differences may have arisen from mistakes _ 
in the sequence of p106 or from polymorphism in the sequence P 
of the 3'-noncoding region of this gene. As the sequence | of the 
terminal 165 nucleotides of the 3’-untranslated. region was 
deduced from a cDNA clone, the existence of an intron in 1 that : 
region cannot be excluded. ne 

The skeletal muscle actin gene contains five j introns. in the 
coding region (Fig. 1c). The sequences of the splice sites are 
in accordance with the consensus sequence for splice. sites 
suggested by Breathnach and Chambon" (Fig. 2a). At the — 
codon ‘specifying amino acid 150, the intron sequence shows _ 
another potential splice site (CAG/GTA), which is present _ 
32 bp downstream from the CG/GT splice site at codon 150 — 
(Fig. 2a). The sequence between the two Splice sites encodes 
11 amino acids. Thus, if this site were involved in mRNA 
splicing, it could add an additional peptide (Gly-Glu-Cys-Ser- 
His-Thr-Ala-His-Ser-Gly-Pro) after Thr 149, without changing 
the reading frame downstream. This would produce a protein 
having the exact sequence of skeletal muscle actin, with an 
insert of 11 amino acids. The existence of such a protein has 
not been reported so far. E 

We have previously demonstrated by electron microscopy n 
that the rat skeletal muscle actin gene has a large intron, 
~750 bp long, at its 5’ end®. The sequencing data (Fig. 2a) do _ 
not reveal such a large intron in the coding region, therefore. 
it should be localized in the 5'-untranslated region. The 5‘ and _ 
3’ borders of this intron were determined by S, endonuclease 
mapping'*, and were assigned to nucleotides 250/251 and — 
nucleotides 1,206/1,207, respectively (that is, the intron is 
located 12 nucleotides upstream from the initiator ATG). The 
sequence of the two splice sites is in agreement with the con- 
sensus splice site sequences'' (Fig. 26). The sequence data 
indicate the existence of a potential Goldberg—Hogness box, 
TATAAA", starting at nucleotide 161, and a potential. 
























































Intron location” 
















wa 


fragments sequenced by the method of Maxam 
“and Gilbert”; broken arrows indicate fragments ¢ 1900p 





Cd 


sequenced by the Sanger procedure”, The 
restriction enzymes used were: Ava, Aval; B, = 

Bam HI; Bgl, Bgl ll; H, Hin dill; Hin, Hin fI; Pst, 
Pstl; R, EcoRI, S, SacI; Su, Sau3Al, X, Xbal. 
¢, Structure of the rat skeletal muscle actin gene: 
the boxes represent exons and the 
is. The broken box represents 


at 
„at 
att 










Weber”). The numbers beneath the introns indicate their sizes in 


ription initiation site, ACAC™, 30 nucleotides down- 
n from this box (Fig. 2b). The assignment of the transcrip- 
initiation site was verified by S, endonuclease mapping 
data not shown). 

-Comparison of the sequences and location of introns in 
several gene families in the vertebrates (for example, genes for 
globin, ovalbumin and the immunoglobulins; for review see ref. 



























10 20 
Ala Leu Val Cys Asp Asn Gly Ser Gly Leu Val Lys Ala Gly Phe 
CCT CTT GTG TOT GAC AAC GGC TCT GGC CTG GTG AAA GUT GGC TTT 
Hpk ag E S 36 40 
Ala Gly Asp Asp Ala Pro Arg Ala Val Phe Pro Ser Ile Val Gly Arg Pro Arg His Gin 
COE GEE GAT GAT GGC: SOC. AGG GUT GTG TTC CCA TCC ATC GTG GGT CGG CCC CGT CAC CAG/GTCAGOC TCT 


Met Cys Asp Glu Asp Glu Thr Thr 
ATG ‘TGT GAC GAG GAC GAG ACC ACC 





Pee Gly Val 
AGCACAAGA TAGGCTCTOCGAATACAGCEGETOTICTOCTOCOCE POGE TG TAGTAACANGTA TC TGA TG TC TECA TE TOC AS /GGT GTC 
50 6G 
Er Mer Vak Gly Met Gly Gin Lys Asp Ser Tyr Val Gly Asp Giu Ala Gin Ser Lys Arg Gly De Leu Thr 
Sate STC GGT ATG GGT CAG AAG GAT TCC TAC GTG GGC GAC GAG GCC CAG AGC AAG CGA GOT ATC CTG ACC 
ence 76 8G 
mee Lea Lys Tyr Pro He Gilo His Gly Ile Tie Thr Asn Trp Asp Asp Met Glu Lys lle Trp His His Thr 
SETG AAR TAC CCC ATT GAA CAC GOC ATT ATC ACC AAC TGG GAC GAC ATG GAG AAG ATC TGG CAC CAC ACC 
ee 100 130 
“Phe Tyr Asn Giu Leu Arg Vai Ala Pro Glu Glu His Pro Thr Leu Leu Thr Glu Ala Pro Leu Asn Pro 
TAC AAT GAG CTG COT GTG GCC CCC GAG GAG CAC COG ACC CTG CTC ACT GAG GCC CCT TIG AAC CCC 
See aN 126 130 
4 Ala Asn Arg Glu Lys Met Thr Gin Tle Met Phe Glu Thr Phe Asn Val Pro Ala Met Tyr Vai Ala 
A GET AAC CGG GAG AAG ATG ACT CAA ATC ATG TTT GAG ACC TIC AAC GTG CCT GCT ATS TAT GTG GCT 
A Oi E 1 
Gin Ala Val Leu Ser Leu Tyr Ala Ser Gly Arg Thr Thr G 
CAG GCG BIG CTG TET CTC TAT GCC TCC GGC CGA ACC ACC G/OPGAGTOCICACACACCOCCCACTETGGTCCAG 








ce OARCATTECNOCEORCL PY PTGRA TCC TOPGCE TONGACCE NICRECET ICCA LIC AA PECET ER TOME AEE, 
Ban $ 150 

ae iy lle Val Leu Asp Ser 
WTGTCCOTECTE POUECTESTOCOOLOCACTCACACACTORTOCTOCCETECACAG/ GE ATC GTG TFG GAT TCT 
eB AB CROSTA N Nae. 170 

sp Gly Val Thr His Asn Val Pro fle Tyr Giu Gly Tyr Ala Leu Pro His Ala Ile Met Arg Leu 
AC OGT GTC ACC CAC AAC GTG CCG ATC TAT GAG GGT TAT GCC CTG CCA CAC GCC ATC ATG CGT CTG 
Abe 190 200 
ai Ala Gly Arg Asp Leu The Asp Tyr Leu Met Lys tle Leu Thr Giu Arg Gly Tyr Ser Phe Val 
GAC CTC GET GOT COC GAC CTT ACT GAC TAC CTG ATG AAA ATC CTC ACC GAG COT GGG TAT TOC TIC GTG 



























7 G/ OTGEETECTOTCAACGCCCCGCTGAGGOTECECOGCCAGAGECTGAGCACA DOCEOCATECE PREC TE PAGEL ROME, 
a 210 2200 
la Glu Arg Gla Tle Val Arg Asp lie Lys Glu Lys Leu Cys Tyr Val Ala Leu 
ACT. GAA CGT GAG ATT GTG CGC GAC ATC AAA GAG AAG CTG TGC TAC GTG GCC CTG 
ie 230 2348 246 
e Giu Asn Glu Met Ala Thr Ala Ala Ser Ser Ser Ser Leu Glu Lys Ser Tyr Giu Lea Pro Asp 
GAG AAT GAG ATG GEC ACC GCT GCC TCT TCC TCC TOC CTG GAA AAG AGC TAT GAG CTG CCT GAC 
Satins d o 250 260 
Jie Thr Ile Gly Asn Glu Arg Phe Arg Cys Pro Glu Thr Leu Phe Gin Pro Ser Phe Tle 
“ATC ACC. ATC GOC. AAT GAG CGC TTC COT ToC CCG GAG ACG CTC TTC CAG CCT TCC TTT ATE 


DOGOTOCEOTGSTTIGCCEGAR ICRA TTTTOC’ TCA TCCCACOEETCAGAG TACEO CGT TEC TO COGS GT OOO TAG 
270 

eros 7 ly Met Glu Ser Ala Gly lle His Glu Thr Thr Tyr 

ACTCTOGITCCTCACACTOCE TC PELL OCR CACE AG /GT ATG GAG TCT GCG GGG ATC CAT GAG ACC ACC TAC 
BOS oe 290 300 
(Ser lly Met Lys Cys Asp Ile Asp fle Arg Lys Asp Leu Tyr Ala Asn Asn Val Met Ser Gly Gly 
AGG ATC ATG AAG TGC GAC ATC GAC ATC AGG AAG GAC ETG TAC GCC AAC AAC GTC ATG FCA GGG GGC 
BE ` 30 320 

Thr Met Tyr Pro Giy Ile Als Asp Arg Met Gin Lys Giu Fe Thr Ala Leu Ala Pro Ser Thr Met 
ACC ATG TAC CCC GGT ATC GCT GAC CGC ATG CAG AAG GAG ATC ACA GCT CTG GCT CCC AGC ACC ATG 





ee A 2 Oe a <a ee 30 350 

te Aia Pro. Pro-Glu Arg bys Tyr Ser Val Trp Ile Gly Gly Ser fie Leu Ala Ser Leu Ser Thr 
C GEU CCC COT GAG COC AAG TAC TCA GTG TGG ATC GGC GGC TCC ATC CTG GCC TCG CTG TCC ACC 

AE E ae a. . 370 

Phe Gin- Gin Met Trp ile Thr Lys Gin Glo Tyr Asp Giu Ala Gly Pro Ser Ife Val His Arg Lys Cys 
TTC CAG CAG ATG TGG ATC ACC. AAG CAG GAG TAC GAC GAG GCC GGC CCC TCC ATT GTG CAC CGC AAA TGC 


He bys. 















eae a e o TT ee. a es 
CGCCGTGGCTCCATCOCCGCCACTGCAGCCGGEGCCTGTTTTTGACGTGT ACAT AGATTCGCTCGTTT TACCTCATTTTGITATTTTTICAAR 
200 420 i : 


FRO. . . 
a CARAGCUCTGTGGAAGGAAATGGAAAACTTGAAGEATT AAAGCCAGCCATICTGITTTOCT: Lf 


solid lines introns. Open boxes, the 5'- and 3’-untranslated regions; solid boxes, the coding regions of th 
the part of the gene which is absent from the genomic clone Act15 but present in the cDNA recombinant 
nid p106. The numbers above the exons indicate the location of the exon-intron junctions (numbered according to Vanderkerckhove 


ant 



























bp. 


11) has indicated that whereas the nucleotide sequence of 
introns has changed rapidly during evolution, the location of * 
introns in relation to the coding sequence has been highly 
conserved. On the other hand, the data on the actin genes offer 
a comparison of gene structure across a much greater evolution- 
ary range, that is, from unicellular organisms to fungi, insects 
and vertebrates. From the available data, it is apparent that ` 


b 
20 40 čp ae 
ACCIGOGECAGGGCCAGTTCTCTCCTICTTE GGOTCAGTGCAGGAGACLCGGGCOGGACECAGGCT GAGAAGCAGKEGAAS 


200 120 140 Saci 260 
GGACTCTAGTGCCCAACACCCAAAT ATGGCTT GGG AAGGGCAACAACATTCLTTCGEGCOGTOTGGAGAGCTCAGGACTA 


echidna Ferrite 


180 200 220 Hinft 
TATAAAAACCTGAGGCTAGGGACAGGCGGTCACACGGACCTGAAGCCTCACTTOCTACCCTCGGCACCAGGGCCAGAGTC 


fe re te ee, aan 
1 natal 


260 286 300 320 $ 
AGAGCAGCAG / GTAGGGTGGAGGTGGGGAGGGTGACCTOGAGACCCAGCAGAGAAACCTATTGAGCCTTGGGCCTGTATT 


340 360 saa 400 
NITCACTOGOCTOTPGGABATITCTCCARACTCATATCCAGCECA LTT OGGAT EC TGACTET TT TGL PGE TOGGAG RE 


$20 440 960 a80 
POTGACACCEA TELA SE FOCAL CTO A TAC TOP ACCE TTL LEO CEO TEE FOGGIA T AAR PCCGAG TOL POCTOCAA 


500 520 Sat See 
GTGACCAAGCCASTCTTTPCCTACCGAGCCACALACE AGCCLOTGGTIGOTIGAGA TTTCETCTCCCTOAALT AGT ETOCS A 


580 600 620 4. ET E 
POCTOCCTTTCATOCOTOPCOPOCTCOOECACOCTCT TTCTCTOCTGGGAPCRBAT OT OGLE TS TORT OCRA GNOG PRG oT: 

660 680 00.) Se: 730. 
GCTOGATCTCCCACAGACCCAGCOCETOGGACACTGACTT GAAGA TCAGTTTOGAGAGAGOCABGCATTOTCITAGCERT © 0. 


Sach 740 760 788 ape” 

COTGAGLTCAAGGCTTT TCTAARGCCOAAGCACEE TOCCATA TE LTC TCE LE ABAT AOG MEA IAGO T CG BAGG TEE, 
aG 840 860. E 

PTCTGAGTTTGGATOCCOTGOGGCTTCAAACGOOCAATTETTTCCAGAGTTOOGACAGTATTACCCTTCCTTGGOC 


#80 
900 926 940 960 
POCTIGCEOCTCTCATARGACTGOCAGGTGGACCTTAATOCCTCLT TCACAGATIGAGATTGAGTAGAG AGGAATAGCEC 


260 280 10p0 2020 
GCGOTAGCTGTGACAT OTC TOGCCAACAGC GARGS PGAGGATC TCAGGATOTCETE DCA TGCE TE ACA TEC AGGGA TTR. 


ited 4068 Joko pia 
AAG TU CCAACABACTOTTCOCA TAGCAAAAAGCACAGCETTGACC TGGUAGAGEALOCTE DOGO ETE LOCA MARAT Ae 


1120 1160 «160 O MBE 
GOCTGGGGGAGAGGAGTGLGITGGATCTCCAAAGTGAAGATGGGITAAGCAGAGCTICACCIPTAACCCCCATCACATACTC 






1200 Met Cys'Asp Glu Asp Glu Thr 
ACAACGCTCAACACTTICTCPTTGCAGZAAACTAGACACC KTG TGT GAC GAG GAC GAG ACC > = 3 


Fig.2 Nucleotide sequence of the rat skeletal muscle actin gene. 
a, The coding and 3’-untranslated regions of the skeletal muscle 
actin gene. The numbers in the coding region indicate the number 
of amino acids, as suggested by Vanderkerckhove and Weber’. 
The numbers in the 3’-untranslated region (italics) indicate the 
nucleotide number following the termination codon. The Hae III 
site at nucleotide 73 in the 3’-untranslated region is the end of 
the rat DNA insert in the bacteriophage Act15. (The recombinant 
bacteriophage Act15 was isolated from a Hae III partial digest rat 
gene library and thus ends at the HaellI site which is found in 
p106 at this position®.) The sequence 3’ to the asterisk was deduced 
from the sequence of p106. b, Nucleotide sequence of the 5’- 
untranslated region of the skeletal muscle actin gene. Solid under- 
lining indicates the splice sites. The nucleotide sequence of the — 
intron is given in italics. The Goldberg~Hogness box (TATAAA). 

and the cap site (CACA) are underlined with broken lines. Restric- 

tion enzyme sites used for the S, nuclease mapping are indicated. . 











actin. genes of dentefosomes a for the possible 
y regarding the intron in the 5’-untranslated region of 
nd B-actin genes and the Drosophila actin gene 
However, within the deuterostomes, all known intron 
in sea urchin actin genes (at codons 41, 121, 203 and 
- found in the rat skeletal muscle actin gene or in the 
plasmic actin gene, or in both. In addition, the vertebrate 
genes do contain introns which are not found in the known 
sea urchin actin genes: {at codon 327 in a- and B-actin genes 
and at codon: 150 in the a-actin gene). The locations of introns 
-in the chicken’ muscle actin gene are identical to those in the 
rat muscle actin gene. 

- The great resemblances between the actins exclude the possi- 
bility of convergent evolution from different ancestral genes. 
It can be concluded, therefore, that the intron locations, 

>a ithough highly conserved when examined on a small evolution- 
ary scale (that is, among the vertebrates), do change during 
evolution. 
Despite the incomplete data, the homology of intron sites 
-may be used as an indication of the evolutionary relatedness 
of actin genes. It seems that differences between intron locations 
‘in actin isogenes can be regarded as an indication of an ancient 
separation of these genes. Thus, the great differences in intron 
locations among the Drosophila actin genes suggest that these 
genes separated from one another very early in evolution. On 
the other hand, the available data (Table 1) on the intron 
locations in deuterostomes indicate that these actin genes 
evolved from a common ancestor more recently. Although all 
„Drosophila actin genes apparently have been isolated and par- 
tially. sequenced, it is of interest that the deduced amino acid 
sequence- of all of them resembles that of the vertebrate cyto- 
_ plasmic actins; no gene coding for amino acid sequences typical 
-of vertebrate muscle actin has been found”. Thus, the known 
pattern of intron sites and the available amino acid data suggest 
that, despite their great similarity in specialization and function, 
the vertebrate muscle actin and the insect muscle actin genes 
evolved independently from non-muscle actin genes” 

It has been suggested that split genes were assembled by 

rearrangement of several DNA regions containing coding 
‘sequences, into a new functional unit; noncoding flanking 
regions of these fragments formed the introns’. This would 
‘imply that the primordial actin gene was split in at least all 
those positions in which introns are found in the various actin 
es; and that the variability in the location of introns was 
due to deletion of introns during evolution. However, without 
sufficient evidence, an alternative or additional mechanism 
should be considered also, namely that the variability in intron 
¿positions and numbers resulted from insertion and deletion of 
introns, possibly as transposable sequences. Studies on the 
‘structure of actin genes along the evolutionary track leading to 
the vertebrates may discriminate between these possibilities. 
It was recently reported that a soybean actin gene contained 
-introns at codons 20/21, 151 and 355/356 (ref. 17). When we 
aligned the codons of this gene with those of the rat skeletal 
‘muscle actin gene, we found that the plant actin gene intron at 
codon 151 and the rat skeletal muscle intron at codon 150 split 



























ean ote xclude the possibility that the homlony in intron sites 
in these t two actin ponni is coincidental, we consider this very 










‘deletion. 1 : ‘The dita a are 2 compatible with the augecslion that a 


vi | s and 
i variäbilityi in intron sites was a result of deletion of intro: 
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Sequence determination of cloned cDNAs and genes of the — 
three classes of interferon (IFN-a, — 8B and — y) has revealed | 
more than a dozen members of the human IFN-a@ gene family” 
and a single gene for IFN-6**"*. These genes are found on 
chromosome 9 (ref. 15) and contain no introns" "$ . We 
recently reported’* that the 146-amino acid sequence of mature _ 
IFN-y deduced from the nucleotide sequence of a cloned cDNA 
was quite unrelated to those of the other JFNs, and that th 
gene for IFN-y contains at least one intron™ć. We now describ 
the isolation, characterization and DNA sequence of the huma 
IFN-y gene. It contains three introns, a repetitive DNA ele 
ment, and is not highly polymorphic. All our evidence t 
date’*”’ and the present data suggest that this is the only gen 
for IFN-y and that the resolution of IFN-y into two com 
ponents“ is probably the result of post-translational procen ng 
of the protein. hg 
A ”P-labelled restriction fragment obtained from the IFN- 
cDNA clone p69 (ref. 16) was used as a hybridization pro e 
to screen 10° plaques of a bacteriophage A Charon 4A/huma 
genomic library’’. Six individual hybridizing plaques were iso 
lated from the library, and DNA from each recombinant phag: 
was isolated and mapped with five different restriction end 
cleases (Fig. 1). The insert DNAs span a contiguous regio 
33.5 kilobase pairs (kbp) of the human genome. Each p 
DNA was analysed by Southern blotting’? with the IFN-y. 
cDNA probe, after digestion with EcoRI, Bam HI, Hin cll and 







































































ca care” “shown: at the top. Sites 
for EcoRI, BamHI, Hindlll, 

- Kpnl and Xbal were deter- 
-mined by digestions of each 
individual phage DNA. Phage 
(10°) from the recombinant 
human A library described by 
Lawn et al? were plated on 
- tọ 10 15-cm plates and 
screened by the method of 


-` amatis et al™ with 3x o 
10°’ cpm. of "P-labeled" 
- CDNA probe (887 bp Sau3A MoE np 
> fragment, ref. 16), Plaques z X $ 
- which hybridized positively eB Ë S 
With the probe were subjected 
ö another round of plaque 
fication™*. Individual 
idizing plaques were iso- 
ar “phage DNA was 2 
gta from 500-ml ee 















was ie Hindlll, Kpni and 


= 
gel. Gels were blotted on to $ g 
nitrocellulose’ and hybrid- ® 
ized with the “P-labelled 
IFN -y cDNA probe. The size 
oof fragments was determined 
_ by comparison with Hindili 
A molecular weight standards. 
The 8.6-kbp BamHI frag- 
< ment. of AG was separated 
“by electrophoresis through 
1%: agarose, electroeluted, 


“X62, a66 








n: Abal (either singly or in com- e2 i , `> 
bination) and then elec- 
~ trophoresed ona 1% agarose H a A - | 





and ligated into the BamHI site of pBR322. One of the resultant recombinants, pB9KB-1, was extensively mapped with restriction endonucleases, and sequenced 
according to the strategy outlined below. Each sequence was determined from the marked positions and sequenced in the direction of the arrow; the length of 
each arrow corresponds to the length of sequence determined. Only those Hincll sites which were used in sequencing are shown. Sequences determined by the 
Maxam-~Gilbert method*® are depicted with straight lines, while sequences determined by the dideoxy chain termination method”? are represented by wavy 
lines. Synthetic single-stranded DNA primers, synthesized by the modified solid phase phosphotriester method™, were used for dideoxy sequencing. The 
sequences of the primers were designed from the cDNA sequence": dFCTCTCGGAAACG (found at nucleotides 97~109 of the CDNA), dGGTCATTCAGATG 


as (229-241), dAATGCAGAGCCAA (309-321) and dCGAAAAGCTGACT (453-465). The reverse complements of the above primers were also used for 















itt . Comparison of these hybridization patterns with those 
ybtained earlier using human lymphocyte DNA “° indicated that 
o phage DNAs (AG9 and AG10) appeared to contain the 
tire IFN-y gene, as illustrated in Fig. 1. Clone AG9 was 
ected for further study. The region of AG9 hybridizing to 
FN-y cDNA probe appeared to be contained entirely 
iin an 8.6-kbp BamHI fragment. This restriction fragment 
(as subcloned into the BamHI site of pBR322. The Baani 














pped with restriction endonucleases to allow DNA Seances 


Almost 6,000 contiguous base pairs (bp) of the IFN-y gene 
n were determined by sequencing the majority of both 
nds (Fig. 1); these are shown in Fig. 2. The IFN-y cDNA 
juence previously determined'® was aligned with the gene 
ence as shown in Fig. 2. The two sequences matched 
completely except for a single base pair transition (4,712 of 
ig. 2; position 588 of ref. 16) which changes the glutamine 
codon found at position 140 in the cDNA sequence to an 
ai ginine. However, we have subsequently sequenced five addi- 
tional: IFN- cDNAs which all contained arginine codons at 
l thisp position”, 
` There are ‘three intervening sequences in the coding region 
é of the gene. All three introns begin with a GT dinucleotide and 
: end with ; an AG, Sequences thought to be necessary for correct 
= RNA splicing****. Intron 1 is 1,238 bp long; intron 2 is 95 bp, 
and intron 3 is 2 422 bp long. The four exons are less variable 
in n length, coding for 38, 23, 61 and 44 amino acids, women 

















z sequencing in the 3’ to 5’ direction. In addition to the M13 lac primer”, two other synthetic DNA primers were also used: dCTGCCAGGACCCA (174-186 
of the cDNA) and d(AAATATTGCAGGC (complementary to 620-632 of the cDNA). The templates for dideoxy sequencing were four restriction aa 
iHpa 1-Hin dll, Hindi~Peall, Peull-EcoRI and Psitl-ĦHinclI) which were subcloned in both orientations of the M13 vector mp7 (ref. 39). 


Each intron interrupts the reading frame precisely ee 
codons. 

Although there is no obvious overall amino acid homolog 
between IFN-y and either IFN-a or IFN-8"*, a pattern c 
single amino acid homology between IFN-y and IFN-a ha 
been reported*’, and the first exon of IFN-y codes for tw 
groups of amino acids which have homology with IFN-a. Th 
four identical amino acids, Ser-Leu-Gly-Cys, are found at thi 
junction between the signal peptide and mature interferon 
(where Cys is the first amino acid of the mature. proteins)’ 
Another homology with the first exon of IFN-y is foundn neare 
the carboxy-terminus of IFN-a, (refs 2, 3): 





130 131 132 133 134 135 136 
IFN-  Tyr-Leu-LysGiu- o Lys-Lys~Tyr 
[IFN~y  Tyr-Val~Lys-~Giu-Ata~Gil u-Asn~Leu=Lys-Lys- Tyr 
7 8 9 10 il 12 13 14 15 16 17 


If amino acids 11-14 of IFN-y are neglected, six of seven amin 
acids are identical (17 of 21-nucleotide homology). Thi 
homology may be significant as the IFN-a sequence was foun 
to be highly conserved in this region when 11 different IFN-< 
sequences were compared**. Furthermore, this region is pro: 
posed to be highly a- helical; the insertion of four amino acid: 
would increase the length of the helix by one turn, but shoulc 
not disturb the relative. position of amino acids on the helix 
which is particularly i important ina Pee helix of this ‘ype 
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Tegulation. One such sequence is the Gold- 
mess box’***, located ~30bp upstream from the 5' 
the site of RNA initiation. This sequence, 5' 
LA 3’, is thought to be important in determining the 
icity of the initiation of RNA synthesis by RNA poly- 
e I4, Such a sequence, TATAAATA, is found in the 
gene 28 bp upstream from the 5' end of the mRNA”. 
stingly, this same sequence is found in a comparable 
ition in the IFN-8 gene’*"*, although there is little further 
omology with IFN-8 sequences in the 5‘ extragenic region. 
However, seven different members of IFN-a contain the 
significantly different sequence, TATTTAA®, 
> Another sequence which is relatively conserved at the 5' end 
of. many genes is the consensus sequence GGSCAATCT”’, 
located ~80 bp upstream of the cap site. This sequence is 
thought to modulate transcription by RNA polymerase II** and 
‘has been shown to be necessary for efficient transcription of 
the rabbit B-globin gene in vivo™. A similar sequence, 
CATCT, found 89 bp upstream from the 5' end of 
__IFN-y mRNA, is not detected in either the IFN-a genes or 
the IFN- gene 1314, 
— IFN-a and IFN-@ have extensive homology in the 5’-flanking 
~ regions'*'* which is not shared by IFN-y. Perhaps it is not 
surprising that sequences potentially involved in the induction 
of IFN-y gene transcription differ from those of IFN-a and 
IFN-f as the inducers and kinetics of induction of IFN-y are 
quite distinct from those of the other interferons. 
The coding region of the IFN-y gene consists of unique, 
single-copy DNA, as shown by Southern’ hybridization of a 
-labelled cDNA probe to genomic human DNA", To determine 
K whether introns or flanking regions of the IFN-y gene contained 
- repetitive DNA sequences, probes from individual regions of 
__ the gene were prepared and hybridized with Southern blots of 
~ human genomic DNA. As shown in Fig. 3, all but one of the 
- probes hybridized to unique human DNA fragments. The sizes 
_ of the hybridizing bands correspond to the lengths predicted 
from the map derived from the phage DNAs (Fig. 1). The first 
intron contains DNA which hybridizes to DNA throughout the 
blot, typical of repetitive sequences. We conclude therefore, 
that the IFN-y gene consists of predominantly unique sequence 
“DNA, but also contains a repetitive DNA element in the first 
‘intron. 
_. The human genome contains more than 300,000 copies of a 
family of related sequences termed Alu sequences” which are 
-300 bp long and for which no known function has been 
strated. A computer comparison of the IFN-y gene 
“Sequence (Fig. 2) with the Alu family repeat consensus 
sequence” failed to detect significant homology. Furthermore, 





































of. man population, we conducted a limited search for 
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eTe TCAACAT TTTACEAGGGCGAAGTSGGGAGGTACAAARA 
1 AAAGTOCCTCAAAGAATCLCACCASAATSSUACAUGTGGSCATAATGGGTCTGTCTCATLGTCAANGGACCCAA 
201 ACAGCUARATGOCACAAAACCTTAGTTATTAATACAANCTATCATUCCCTOCCTATCTGTCAZCATCTCATCTTAAAAAA 
301 CAGGAGACTTCAATTAGGTATARAT ACCAGCAGCCAGAGGAGGTGCAGCACA TTGTTCTGATCATCTGAAGATCAGCTA 


















: i — Melys T 
40l AGTECITTIGGACCTGATCAGCYTGATACAAGAACTAC TGATTTCAACT TS TYTGGCTTARTICICTCGGAAALS. AFG AAA TAT 










ile Leu Ala Phe Gin Leu Cys fle Val Leu Gly Ser Leu Gly Cys Tyr tys Gin Asp Pro Tyr 
493 ATC TYG GCT TTT CAG CTC TGC ATC GIT TYG GGT TCT CTT Gat TGT TAC TGC CAG GAC CCA TAY ST. ; 


Glu Asn Leu Lys Lys Tyr Pre ar 
$6 GAA AAL CTT AAG AAA TAT TTT GTAAGTATGACT TT TTARTAGTACT T&T T TaTGGI TGARAATGAC TGAATATCGAC TTE À 


G60 TGATAGGCTGTCATCICTIGTAGGCADTCATT IIGAGATTIGGTGOITATITIGTIAR TRATTGACTAGATGAGTICL FTGAC TRAATAAT 
















760 TTTTRACCTICTGCTCAGTTTGIATAGAGACT I AAAAGUGATT TATGAATTTTCCAARAGATGGGCATAATATSGGTATGAAGCATAA 
Béd FTTTGTGGTOGGAACTCATTCAGTIGTGATAGTCAAGGAGTATGCAGAY TGAAAARAATGATTGGTTATTAGITITIGAETTE ICAGACT 





f : Rindi F e 
966 GATTAGCATTAAARAGG TRA TAGGAAATSTTT ACAAAT TAAAGTCAAAAAGG ICC TTAAAGC TTTGGCT TAMARARATARCTGAT AGE) 
Hpall are 
1066 AAMASTGATYTCAACATTCTGC TTC TCTATE TATAT TAC TTGTGAAG TAT TECGGAALT [CGTTGE TCACTGGGATTT [GGARGAATT 








1100 AAGUAATETTTAAAAATTTTAAGTIGAATTITTIGAGTTTCTT TTAAAALITTATIGATGGTTAA TOAARAGT TTT TACA TITTAAATATID 





1260 TVTAAAACTTAGCTETTATAATTATAGCTGTCATAATAATAT TCAGACAT TCACAATTGATTY TATTCTT ACRACACAAAATCAAATCICAG 









1360 ACACACACACACACTCUCAGATGTTIGGAAL TATCTTTTAAAGC TUG TATAAT AATACCC TACAGGAAGGCACAGTAGATGT AAT AGAAMCCI 












































1460 TOGGSGGUAGTATTITATAGTGGEGTGUCTTTGCTGTI TTT TGTTTTTGTATTTTS TAGCCT AGL T TGAAAATACT TTCITTAGCTTACTATAGT 
Sach ant ee 

1860 GGACCT TIGGAGTATCAGUTT TGTTGAGCTCATTYGTGACATTGCAATTTAATGGITATAT TSGGAAAT RAAAAASLT ARAAGAACATAATAG 

1660 ETATATCTCATATARGCCTTTTGGGAATACTTATTETTAGAAC TAAGCAGAAGAGT IGAAAAGGAAATCAGTAAATATTGICACA TCTGAGT 








l ASH Ala Biy Ris Ser” 
Lioù ACTIGASATATATT TTTAAGGLAATTTATGGGCTAATTGTAAACCAATITITICITITITTYTTTIAG AAT GEA BGT CAT TEA. 


Asp Asn Gly Tar Leu Phe Lea Giy lle Ley Lys Aus Trp Lys Glu Pa ; 
1852 GAT AAT GGA ACT CYT TTC TYA GGC ATI TTG AAG AAT TGG AGA GAG STAAGUTGAATATTCCCATTT GSC TAATET TG, 


Glu Ser Asp Arg Lys Lie Met Sin Ser gly 
1936 TIGETTTCTGATGGATAAAT ICACATCATCE TCTGTITETOC ICTIICOTICCANG GAG ABT GAC AGA AMA ATA ATG CAG ABU. CAA 


val Ser Phe Tyr Phe Lys Leu Phe Lys Asn Phe Lys Asp Asp Gin Ser Ile Gin Lys Ser yal Glu TAPON 
2025 GTC TEC TTT TAC TTC ARA CTT TTT AAA MAC ITT AMA GAT GAC CAG AGC ATC CAA AAG AGT GTO GAG ACC. ATC: AA 


2190 Gig Asp Met Asn Yal tys Phe Phe Asn Ser Asn Lys Lys Lys arg Asp Asp Phe Glu Lys Leu Tne Asn Tyr Ser 
GAA GAC ATS AAT GTC AAG TFT TIC AAT AGC. AAC AAA AAG AAA CGA GAT GAC TTC GAA AAG CTG ACT AAT TAT 


2475 STGAGGCYATTTAAATTCTITCTITGGYTICATTECCGAGGETCTTGCAAASCAT FTATTTCCAGAAMGTAGACAT TASCTATT TARCAGTTECTARAG 
2275 CTAVGAACTCAACTCATGGCTGAAAC TCTACCTTAUTATTTCCATTCGYGTTTGGGTGAC TTTGCAAAGCCAGTAAGAGAATCOCTaAAGTAŤGTAATGT 
2375 AGAGAAATGCTGECATTGTAACTATTGCGTARAGACAGGTGAGTTGACAAA TT CCAGTGAAGAGGAAGT AGG TGAGGAAGAAGCAGGGAGTACTGABAAG 
2475 GAGTICIETCATTGTCOCTIGCTCATATGA TSGAAAITC TCT TACT TTGAAT GAGAGGC GTC TACT TAATUGASAGAGCAGTSGGAGGAGCTGAGAAB. | 
2575 ATSTETETTCTCCTCCCAACTCASCCACCARSGAAC TGTGATGAATCACATAGC TGGE TGGGC TCAGTTICCTCATCTTAAAAGGAAACTGTTAGGTTCA 
2575 CTGTATAAGTYGATGACCTICT ITGCTCCAAARC TCTACAATSCAAAGAATAGRAAATGAGAATGAGATAGARGAAAGCTACASTCTTTGAATAGSTAC. 
2775 CAGGGACACECCACTECAAGICTCTAGCCAACE TATCAGATTSTACTECCGAAT TAGAAGCAAGAATUGTTBCTGTTIGTFTGTTT] TAGGGAAAAATAG 
2875 ATAGAATTIATALCTIATGAAAAGATIGTICTATCAACTCTCTATCARCTTTCAGAATATC TCAGC TSGAGAACTC( TTAGRC TCCTAAGTCT TACCTCA 
2975 EGAACTTGYATCTITAAGTTATGGCTTCTATAAACAGAAAGATAACGT TGAGGCATAAAGAČARATCATGTTTŤTCAGAATGT TY TE TAGAASAGKAKG 
3075 CCTC TAGATTCCTTTOBGS TSACYTTGATATAAATOGGCTCAAATGAGAGOSACCAĞGTCT TCAAGČTAGCATTTGTGTTCTTÁGŠATATGŤECICA 
3174 CTTTCACTATTGCTGBGECTGCCTE TCAC TECTC TCATGTARGCCCCCAGAAACAGAARGGAGAGAC ATGGCAACAGGTCTCETTTG@ITATAMALTAGA 
3275 CACTCAGCACT IGT TTCTAATCCAGTGSTECCOCTGGC TTACTGT FCAGTCCTOGATAAGTCTCT TAGITICT TGGTGATUATTTGAACATTOGAAAGTA, 
3375 AAATCTETCACTTECAAACACACAGETIGTCGAAAATTTTTTC TACTE TOCAGBAAG TRSGCCYTAAARAAATGAAAAAAAATG TOŤ GUTI TC FC TTE. 
347S TOGAAGCTACAAACCICCTOTTTCTTGATGGGCAATCTTGAGTGAGC TCTATTAATTATTATTCTCTITGSCTOAGT FGCTAAGLTATT TFATGCATET 
3975 ATBCCCTTTGACAATTAGTCTITAGCTSTAATCCCCCAGCCATCCICAGAAATG TGGTGAGGTAGLCATAGTGTTUCAABATTAGANAAATETAATGUC. 
3675 AGAGCCAAGASGAAGGTARATGGTCCACATLTTATGAAGCATCATCTAAATGUCCC TATTGGT TAGAGTGAGGAGATGCAAGTASTTCARTTIGCTTECC 
3775 TAGAAGOCAGGOTACTGGAAAAGTTGT 1GCAATICTIARITTTAAACTTTATATATCAGTAAGCCATATATAAATATGAT TSGGGGTUTTTATTTTAAMA 
3875 TETATTATGGAAATTGAGAGACTGACCTAATCTGGBAGAMATTAAAAATTACAGTTI TEAC TOGTTTTQGATT TSG TGTTTTCTAGGETACCTAACETAB 
3975 ATCAGTOGTTCTCAAAC ITAGGTGGATGTCAGAATCACCTGGBGAGC T TAGTGAATGCACAGGGCACAGTCCTICCAU TCATSCALCTOBATCTET@A 
4075 STCTTTGACAGATTTCEBGATTARTCTSCERTSCACAACAGTLAGAATCATTGALCATAGTTACTCATTOATGCATACAGSARAGACTOAAGTATA 
4175 GTGATATAATTSGTAGATTGATBATAGAGAGGTCATAGAAACAGTC TCATCC TCCT T TAGATGAGARAATAGAAGT TCAGAGAGGTTAAGTAGC TÓG 
4275 AAGGTCAGAATTATTGCATGCATSAGATTCAAACCCACCTT T ITATCTGACTCCACAALCAGGAG TCTTTTCACTATATAATT ICAAGAAT TCTATAGA 
4375 AGTAGATTFRARGATATETGATUGACTCCACCACA TTATAGCACAAL TAGAAATGTAATTGTAAT TTT TAGCTTCAACTSC TGRAGAMSTAAATATT 
$475 TATTAAGSTAAEACGGICCATITTT TARAGGAATACTTTTATTTTCACTGACCATCATGACAT TAGE AGAATATCCTGATGGCT TATATGCCTGAAA 


val The Asp Leu Ast Yal Gin Arg iys Ala lie Wis Gig Lew fiw Gin val 
4575 ATITIGCTCTTITCTIICCCOATAG GIA ACT GAC TTG AAT OTC CAA CGC AAA GCA ATA CAY GAR GTO ATC CAA GTG 


Ala Gig tau Ser Pro Ala Ala Lys Thr Gly Lys Arg Lys Arg Ser Gin Met Leu Phe arg Siy Arg Arg Aig Ser 
$654 GCT GAA CVG TCG CCA GCA GCT ABA ACA GGG ANG CGA AAA AGG AGT CAG ATG CIG TTT CGA GOT CBA AGA BCA’ TLL 


Gta oC - hee tes eu 
4729 CAG TAA TORT TGICETOUCTACAATATTIGARTTT TAAATC TAAATCTATT TAPTAATAT I TAACATIATT TATATGGGGAATATATTITTA ç 





4026 ATCANTCARATAAGTATT TATAATAGCAALTITTGTGTAATGRAAATGAATATCTAT TAATATATGTATTATITATAAT ICUTATATCC TRTGAC TST 





A926 GACT TARTCCTTTGTTTTCTGAL TAATTAGGCAARGE IA TGTUATTACAAGGKT TTATC TCAGGGBCLAAL TAGGCAGCCAACE TAAGCAAGATE: 
Hpal i oe oo 
S026 GETTSTGOTGITTATT ICAL TIGA GAT ACARTGAACAL TTATAAGTGAAGTGATACTATCCAGTTAC TGCCGG! PTGAARATATOLG Tac? 


lý AGTOCTTTAATGUUA TG ICAGACAGAAL TIGAATOTGICAGBTGALTE TGATGRAARCATAGCATCICAGGAGATT TEATSCCTEGTSCTI 
Hac li : 
RŽ% GTTGACAALTGIGAC TG TACCCAAATGGAAABT Ac TCATITGTTASAATTAICAATA ICTAATATATAT GARTAAAGTOTAAST TCA 








5626 CETECTATTICE TCLTTCGTT FCAGAATCTICC TL ICCC TCATCCAATEC IGGCARACACUAG TGGGGGTGUAGTAGTSEGTSTAAGE TCTAROG! 






5726 GUTTORAT TGGAATCCAAGTTATTOCAT TACAAGTAGTGTGACCT ITAATACAT I4IGTATATTGTCTARST I ICAGCTTIATIGTC THAAAA 
ae 






S826 TAATIGIGTGTICC TCATAATAT TG TGGT ACGAATTGATICIT ICAL TLARGAAATAT TTACTOGAGIACCTACTACAIGCL GU TC TAT ETAY 
; Bami] 5 
3926 TGAGATACUTTACTCAAGLARAACAGECAACGATCE(S961 ) 


Fig. 2 Sequence of the human IFN-y gene region. Only the ` 
sense strand is shown. The coding sequences of the exons have 

been translated. The CCAAT box?°, Goldberg-Hogness box”? 
and polyadenylation site sequence (AATAAA)*®, have bi 
underlined. The start of RNA transcription”? is marked with a‘ r 
star, as is the position of polyadenylation. Restriction endonclease 
sites used in sequencing or Southern hybridizations are also shown. = 
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on. endonucleases aH 


HpaI emme 


used to synthesize ` Tps 
. Jabelled probes by the calf 
` thymus primer method”. 
-The individual probes 
were hybridized with 
o Poull (left) and EcoRI 
'{right) digests of human 
genomic. lymphocyte 
DNA. (isolated by the 
method | of Blin and 
Stafford*’), separated on 
- 4% agarose gels and 
transferred to nitrocel- 
lulose by, ghe method of 
<: Southern", Four of the 

probes (a, ec, d and e) 
‘hybridized .only to the 
single Poull or EcoRI 


Fig. 4 Hybridization of 
“the Alu family repeat 
‘probe to the IFN- -y gene 
region. The *P labelled 
probe was prepared” 
“from a 300-bp BamHI 
fragment of pBLURS8 
(provided by C. Houck 
and R. Lawn) which con- 
tains Alu family repeat 
DNA”. Electrophoresis 
= coimed% agarose gel is 
= shown on the right; lane 

<1, Hin dll + SacI digest of 
-pB9KB-1; 2, HindIlI+ 
Hral digest of pB9KB-1; 


; 4; EcoRI 
digest of A G5; 5, Xbal+ 
 Hindlil digest of A G5; 
6, Xbal digest of AGS, 
ooo Xball digest of A G9; 
8, EcoRI digest of A G6; 
9, BamHI 


= digest of 4 À Š 
oe A G8;10,EcoRI+ BamHI | ae 
nf AGB. Ii, (LLL 
rall digest of à DNA 2 i E G 
markers); 12, Poull : z g EEE 
igest of human genomic $ F È & gs 





A; 13, EcoRI digest of 
an genomic DNA. The gel was transferred to nitrocellulose” 


ywn on the left. Four different hybridizing. signals are observe 
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maller box with solid bars for exons and open bars for introns. 


We thank Mark Vasser for deoxyoligonucleotide synthesis, 
‘Dr Elison Chen for preparation of ‘templates. for dideoxy 
sequencing and Dr Richard Lawn for providing the human A 
pas library. = 
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nsist of two separate parts (lanes 2, 3}. Only a single hybridizing signal was observed n the y 
ybridizing regions (cross-hatched) is shown below on the map originally presented in Fig. 1. 








EcoRI s F 





| | i 
-and the resulting frag- z “a A 
ments (a-e) were isolated $ & 8 
on 5% polyacrylamide | 
i rent aomata Annana 
gels, electroeluted and . H y p- 


fragments from which they were derived. Probe b hybridized throughout the genomic DNA. The 5°- and 3’-untranslated regions of the IFN-y 
gene are shown as cross-hatched boxes and coding regions of exons are represented by solid boxes. 
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ae “Recently, we have shown that deoxyribonucleoside residues in 
the cellular DNA precursor pool are generally more susce eptible 
-> to methylation than are residues within the DNA duplex’. The 
N-1 position of adenosine, for example, was found to be at 
least 13,000 times more susceptible to methylation by N- 
methyl-N -nitrosourea (MNU) than the same site in the DNA. 
These results suggest that potential sites for alkylation in the 
double-strand duplex are relatively inaccessible to direct alkyla- 
. tion in vivo. Many of these sites are probably protected from 
alkylation not only by their position in the interstices of the 
DNA helix’’, but also by further in vivo ‘packaging’ of the 
DNA in chromatin”. We have now used DNA sequencing to 
emonstrate the incorporation properties of products of the 
reaction of MNU with dATP and of deoxy-N*-hydroxycytidine 
E “triphosphate during DNA replication in vitro by phage T4 
DNA polymerase and the ‘Klenow’ fragment of Escherichia 
- coli pol I. The results suggest that DNA precursor nucleotides 
due to their greater availability for alkylation, may offer routes 
: for the introduction of alkylated residues into double-stranded 
a DNA. 
_. .» To investigate the ability of DNA polymerase to use products 
from the interaction of chemical mutagens with DNA precur- 
< sors, we reacted MNU with dATP. The products were separated 
by chromatography on QAE-Sephadex. Chromatographic and 
` enzymatic analyses (to be described elsewhere) revealed N-1 









É N-3MedATP in an approximate ratio of 7:1, N-1/N- 
: 3MedATP, dADP with one methyl group associated with its 
-= -terminal B-phosphate, mP®-dADP, and dATP with one methyl 
i group associated with its terminal 7 -phosphate, mP” -dATP. 









j vel anplication of the ‘plus and minus’ DNA 
rnin plus reaction with a modified dNTP, 





oper 
sing gel a pay a of the reaction are compared with 


i those generated on the same ER by products of control reactions 





Growing strand 
sequence 





Fig. 1 Representation of a gel containing the products < o 
reactions; and b, minus reactions for the DNA > 
TGACTA. The gel bands indicated are the products: of p 
minus reactions in the presence of a hypothetical modified 4 
phate, dN*TP (N*), which incorporates as dATP and TTP 
is, against T and A template residues). Note the appearanc 
bands in the +N* slot that correspond to bands in the +A. 
+T but not the +G or +C slots. In minus reactions, bands in slot 
that analyse the products of ~A and ~T reactions with N* ha 
decreased in intensity or are absent (indicated by pairs of dotte 
lines) compared with bands from —A and —T reactions. withou 
N*. No such effect was seen when the products of ~G and = 

reactions in the presence and absence of N* were 6 compared 












from the same sequence (Fig. la). The incorporation properti € 
of dN*TP can be determined also from minus reactions using 
dN*TP instead of the missing triphosphate. If dN*TP can s 
stitute for the missing dNTP, then synthesis proceeds beyon 
those sites that are blocked in the control reaction because of 
the need for the missing dNTP. Incorporation of the methylated 
precursor eliminates bands in the gel (see Fig. 15). eae 
N*-hydroxy-dCTP (OH-dCTP; IUPAC numbering). was 
studied as a control in both plus and minus reactions (Fig. 2) 
because it may be able to act as both dCTP and TTP as suggested 
by studies of the incorporation of OH-rCTP into RNA’ '', As 
expected, OH-dCTP incorporated sometimes as dCTP and 
sometimes as TTP but never as dATP or dGTP. In a ph 
reaction, however, OH-dCTP incorporated opposite les 12 
half of the available A and G sites (Fig. 2a) whereas in 






related to the ees dependence of ce reactions on the exonu- 
clease and synthetic activities of the DNA poly ners mie 


Two don not incorpor 


a Four sites incorporate OH-dCTP at: OH-GCTE at: 


Amount of DX174 
incorporation s Site, coordinate Site, st 
(m) CTiCGG — (4,683)  AGICÍAA (4, 
{s} CCC TC (4,685) .GG:C:GT © (4,7 
(w) GCC TT (4,694) 
iw) sTA ic TG, (4,724) 


b Two sites incorporate OH-dCTP at: 


Amount of px174 
incorporation ‘ Site, coordinate _ Site, 
(w) CC!T:CG (4,684) CT: TIGC 
im) sACIT GA, (4,723) AT: T;AG 
TGI TIGA 
CG:T:GT 
sGA! T: :AGy 





eerie rae ee to each sequence. The. mi Guga st 
incorporation is indicated by the ®X174 am3cs70 plus strand DNA 
Ee and next-nearest minus strand Tae are also shown 


on gao intensity, 





when at ea one oi its nearest sted: is C. The presence 
of purine residues on both sides of C or T sites inhibits OH- 
dCTP incorporation opposite those G or A template sites. 

© Analysis of the products of reaction of MNU with dATP by 













r-+OH-dCTP 
AET T -6-6 =k" 



















































2. Incorporation of OH-dCTP (HC) during: a, plus and b, 
jus Sequencing reactions. OH-dCTP was synthesized according 
-published procedures’, shown to be pure by HPLC, and 
entified by UV absorbance. Plus strand ®X174 am3 cs70 DNA 
nnealed with the Hae Ill restriction fragment Z9 (prepared as 
cribed elsewhere?) was incubated at 37°C for 20 min with 
wg of bacteriophage T4 DNA polymerase in the presence of 
‘mM dNTP for plus reactions, or 10.0 uM dNTP for minus 
s. OH-dCTP (500 pM) was used where indicated. a, Prod- 
of normal plus reactions and products of a plus reaction in 
resence of OH-dCTP are analysed on this gel. The sequence 
the minus strand (growing strand) is shown. Sites at which 
H-dCTP incorporated during plus reactions are indicated by 
rcled bases in the sequence. Only those sites where incorporation 
as unambiguously assigned are indicated. Caution is required 
analysing this gel because the bands slant downwards as you 
proceed from left to right across the gel. b, Products of normal 
- Minus reactions and products of four extra minus reactions in the 
presence of OH-dCTP. Bands that have been diminished in 
intensity by the presence of OH-dCTP during minus reactions are 
indicated by pairs of dotted lines. The control slot, labelled O, 
- contains the protein-free products of the asynchronous extension 
sof template-primer (by Klenow pol I) in the absence of phage 
T4 DNA polymerase. All sequence sites are represented by radio- 
* Talled primer extensions. These extended primers are either 
: hydrolysed or elongated by DNA polymerase during plus and 
minus reactions, respectively. 








‘plate re ‘dues’ bat 1 no o : gi 
(not shown) at the concentratio used. Incorporation of mP- x 
dADP opposite T is suspect, however, for two reasons. First, 
it is believed that diphosphates cannot be incorporated by DNA 


polymerase. Second, this product chromatographs very closely 
to unreacted dATP, and so is possibly contaminated by dATP. 












All of the products were therefore re-purified until the diphos- - 


phate analogue no longer incorporated into DNA. 
Repurification did not alter the ability of products other than 


mP*-dADP to pair as dATP. Use of repurified methylation | 
TP 


products in minus reactions confirms that N-1/N-3Med 
and mP”-dATP preferentially incorporate opposite T te 
residues. Generally, r 









mP*-dADP at 10, 102 and 1,020 pM did © 


not incorporate opposite any template residues (Fig. 3b); this. : 
result serves as a control against contamination by dATP. The | 


slight incorporation at 1,020 uM suggests very low levels (< 
4 nM) of dATP contamination. Yet lower levels of dATP con- 
tamination are expected for the other products as they 
chromatographed even further away from the unreacted 
dATP. 

N-1/N-3MedATP incorporates into DNA in vitro at T tem- 
plate sites (Fig. 36) but not at A, G or C sites (not shown) at 
the concentrations used. Incorporation at some T template sites 
was noted at 10 uM and efficient incorporation was attained at 
1,010 uM as demonstrated by the conversion of lower to higher 
molecular weight DNA fragments. In contrast, dATP incorpor- 
ates at some sites at 4 nM and incorporates efficiently at 500 nM. 
This suggests that one N-1MedATP will incorporate for every 
100-1,000 dATPs if both are present at equal concentrations 
during DNA replication. The use of chemically synthesized 
N-1MedATP in minus A reactions (unpublished results) indi- 


cates that it completely mimics the action of the N-1/N-> 


3MedATP mix in a minus A reaction. Whether or not N- 
3MedATP can incorporate as dATP therefore remains 
unknown. mP’-dATP incorporates well opposite T (Fig. 36) 
but not opposite A, G or C residues (not shown). Incorporation 
of mP’-dATP caused a shift of almost all the lower molecular 
weight DNA fragments, formed because of the absence of 


dATP during DNA synthesis, to higher molecular weight even: 


at 10 w4M—behaviour similar to that found with 10 6M dATP. 
Thus, the presence of a methyl adduct on the terminal phos- 
phate of dATP does not interfere significantly with incorpor- 
ation of this precursor. 

In a preliminary report we suggested that some unpurified 
and unidentified products of the reaction of MNU with dATP 
incorporate as dGTP and dCTP as well as dATP at high con- 
centrations’. The data presented here show that at much 
greater purity, those products that we have been able to isolate 
and clearly identify incorporate preferentially opposite T tem- 
plate residues. 


Alkylation of DNA precursors may result in nucleotide pa p 
d 


imbalances, inhibition of nucleotide binding enzymes, -al 
incorporation of modified residues into double-stranded D) 








ia 


in vivo. The plus and minus DNA sequencing technique has. E 


proved a valuable tool in elucidating the third possibility. The 
technique requires only microgramme quantities of modified 
dNTP, does not require radiolabelling of the modified dNTP 
of interest, and allows us to locate specific sites where modified 
dNTPs are incorporated into DNA. By using this technique we 
have shown that N-1MedATP incorporates as dATP during 
replication of single-stranded DNA (ssDNA) in vitro by phage 
T4 DNA polymerase. Preliminary studies in our laboratory 
further indicate that the Klenow fragment of Escherichia coli 
pol I also incorporates N-iMedATP opposite T template 
residues. Similar in vive conversion of N-iMedATP to N- 
1MedAMP template residues could be mutagenic as such tem- 


plate residues have been shown to cause misincorporation of ` 
C, G, U and A residues during ‘transcription’ of RNA with - 


RNA polymerase . Indeed, alkylation of unpaired DNA 


residues in the form of precursors and possibly single-strand 7 
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A 3, 477 
ACCAGC) of the 
: insert of _ R208, a 
Jti chimaera” , annealed 
08 ssDNA. The replicating 
ghter-strand sequence shown 
rees with the published sequence 
for pBR322 (ref. 22). Reaction 
x. conditions are as described in Fig. 
= 2 legend. a; Plus reactions: the 
3 concentrations of modified precur- 
- sors were all 1.0mM. All three 
_/ products incorporated as dATP, as 
“shown by the appearance of bands 
-orresponding to A sites in the 
; quence: {denoted by lines con- 
jecting: bands with sequence 
es). On. further purification of 
‘the products, mP®-dADP(P- 
_BMedAP) lost.its ability to incor- 
- © porate. The other repurified prod- 
“ucts continued to incorporate as 
dATP, however, making the 
diphosphate analogue a good con- 
trol against dATP contamination. 
These further purified products 
Were used in minus. reactions. 


































residues at the replication fork, may offer a direct explanation 
-forthe S-phase dependence of both mutation’* and neoplastic 
<- transformation’ of cells in culture and of the chromosome 
_ replication point specificity of alkylating agents in bacteria”, 
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6, The template-primer and reaction conditions were the same as for a. Note the increased shifting of bands to higher positions in the ges 
-as you proceed from the control gel slot on the left to the highest concentration of mP’-dATP(P-yMedATP) at the extreme right. This 
shifting of bands indicates incorporation into DNA opposite T template residues. 
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Antifreeze effect of thermal 
hysteresis agents 
protects highly supercooled irisects 


Karl Erik Zachariassen & Jon Arve Husby 
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Insects that are cold-hardy but sensitive to freezing survi 
low temperatures due to their capacity for supercooling— 
supercooling points are below —25 °C. In addition to 
these insects produce proteinaceous thermal hysteresis 
freeze agents reported to prevent growth of ice crystals dow 
to ~—10 °C, thus stabilizing the supercooled insects do 
this temperature'’. We report here that in the beetle Rhag 
inquisitor the ability of thermal hysteresis agents to 
growth of ice crystals increases substantially when th 
size is diminished. Thus, supercooled insects may be pr 
against growth of embryo ice crystals over their who! 
cooling range, that is, they may be protected against 
even during prolonged exposures to temperatures as lo 
—30 °C. The present observations are in accord with the ‘preva 
lent theories for the action of antifreeze agents. 
Thermal hysteresis factors a have been found: 


(the freezing Son a rapid aah of ice Syste i 18 peat epe : 
Thermal hysteresis factors are present in cold-hardy freeze- 
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SR from cold-hardy freeze-sensitive cerambycid 
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Fig. 1 ay Freezing point of native haemolymph of R. inquisitor 
eetles (thick line) and of haemolymph diluted 10-fold and 100- 
‘in isosmotic (2,290 mosM) glycerol solution (thin lines) as a 
tion of ice crystal size. b, Freezing points of haemolymph of 
uisitor beetles diluted 10-fold in four different concentra- 
ol glycerol solution as a function of ice crystal size. The 
size is expressed as the ice crystal fraction of the whole 
fluid sample. Assuming that the osmotic coefficients remain 
during freezing, the fraction of unfrozen water in a partly 
sample is given by 4,/6, where fm is the melting point of 
luid sample and 4 the temperature at which the ice crystal is 
ilized. Thus, the ice crystal fraction has been calculated as 
“Imt, The linear regression lines were each calculated from 
75 individual points. The correlation coefficients range from 
§3-to 0.77, and the s.d. about the regression lines is about 
‘+0.6.°C: the comparatively large s.d. may, at least in part, be due 
l to. the fact that the ice crystals were not ideal spheres. The 
_ experiments were carried out with a Clifton nanolitre osmometer, 
where 2 nl fluid samples could be observed through a microscope, 
- while the temperature was regulated to within +0.001 °C between 
‘0°C and —9.5°C. The beetles were collected in the vicinity of 
‘Trondheim i in January 1981. The dilutions were carried out with 
the haemolymph and glycerol solutions sandwiched between two 
layers of paraffin oil inside glass capillaries, Fluid was transferred 
between, the capillaries and to the osmometer by means of a 
PO | microsyringe. | 


point 7 es 
revealed (Fig. 1a) that there i is a tié 









ts. of intact: animals: t s 





the freezing points and the logarit a 1 of the ice c yata | size o 
over the whole range of the measurements, the freezing point , 
corresponding to the smallest ice crystal tested being about * 
—9 °C, 

Even the smallest ice crystal used in these experiments was 
large compared with the aggregates of water molecules present 
in the body fluid of a highly supercooled insect. Figure la 
indicates that the freezing points will continue to decrease with 
further diminution of the ice crystal. Hence, THF may be able 
to prevent ice crystal growth and thus stabilize supercooled. _ 
insects at considerably lower temperatures than those: tested — 
experimentally. Unfortunately, the available technique or 
temperature control do not allow stabilization of ice crystals at ai 
a smaller size. However, some information can be obtained by 
extrapolating the regression line representing pure- 
haemolymph in Fig. 1 to smaller crystal sizes. The haemolymph 
used in the experiment was 2,290 mosM. R. inquisitor beetles * 
with this haemolymph osmolality have supercooling points of 
~ —25°C (ref. 6). Extrapolation of the regression Jine to this 
temperature reveals that the corresponding ice crystal fraction 
is ~~—10°'°, that is, an ice crystal radius of 3.6 x 107*’ mm (fluid 
sample volume = 2nl). According to Chalmers’, the critical 
crystal radius for nucleation by embryo ice crystals at. —-28°C — 
is 1.5x10°'©mm. The aggregations of water molecules in a- 
supercooled insect are probably smaller than this critical size. 
The extrapolated regression line indicates that THF have the 
ability to prevent growth of embryo ice crystals of this size. 
Thus, THF seem to have considerably more efficient antifreeze 
effects at low temperatures than previously thought. They may 
in fact be able to stabilize supercooled insects over their whole 
supercooling range. Thus, the presence of THF probably 
explains why many hibernating insects can endure exposure to 
extreme cold for long periods without freezing. 

The influence of varying concentrations of THF on the ther- 
mal hysteresis was investigated in another series of experiments, 
in which the concentration of THF was varied by diluting 
R. inquisitor haemolymph 10-fold and 100-fold in isosmotic. - 
(2,290 mosM) glycerol solution. These studies revealed (Fig. 
1a) that even after 10-fold dilution there was still a pronounced — 
thermal hysteresis effect, but this was absent following 100-fold 
dilution. Seasonal variations in the levels of THF may influence 
the freezing points in accordance with the varying slopes of the 
regression lines in Fig. la. 

The fact that a pronounced thermal hysteresis was still present 
after 10-fold dilution of the haemolymph was used to investigate 
the relationship between glycerol concentration and thermal 
hysteresis (Fig. 16). The results reveal that increasing glycerol 
concentrations cause a parallel displacement of the regression | 
lines to lower freezing points, the freezing point depressions — | 
being greater than the corresponding melting point dep: 
sions. Thus, glycerol seems to act by extending the tempe = 
range within which the THF performs its stabilizing an Her 
effect. i 
As THF appear to be unable to mask the. ‘effect of ice 
nucleating agents’, their antifreeze function at very low tem- 
peratures is restricted to insects which have no nucleating agents 
in their body fluids’, 

The present results are in agreement with the model proposed 
by Raymond and DeVries''"* to describe the mechanism of 
the THF antifreeze effect. This model is based on the assump- 
tion that THF molecules are adsorbed to the ice crystal surface, 
thus confining ice growth to the spaces between adjacent THF 
molecules. The resulting increase in ice front curvature will 
displace i ice growth to lower temperatures. When the ice crystal 
size is diminished as in the present experiments, more THF | 
molecules may be adsorbed per unit ice surface area. The a 
subsequent increase in ice front curvature will therefore cause s 
a further decrease in the freezing ees as observed. eae 
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i. coli F,-ATPase interacts with 
a membrane protein 

_ component of a proton channel 
a John E. Walker, Matti Saraste & Nicholas J. Gay 


= Laboratory of Molecular Biology, MRC Centre, Hills Road, 
. Cambridge CB2 2QH, UK 











_ The ATP synthases of bacteria, mitochondria and chloroplasts, 
— Which use the energy of a transmembrane proton gradient to 
power the synthesis of ATP, consist of an integral membrane 
component F,—thought to contain a proton channel—and a 
‘catalytic component, F,. To help investigate the way F, and F, 
are coupled, we have sequenced the b-subunit of the 
Escherichia coli Fy, which seems to be the counterpart of a 
thermophilic bacteria F, subunit thought to be essential for F, 
binding’. We report here that its sequence is remarkable, being 
hydrophobic around the N-terminus and highly charged in the 
remainder. We propose that the N-terminal segment lies in the 
` -membrane and the rest outside. The extramembranous section 
į contains two adjacent stretches of 31 amino acids where the 
-< sequence is very similar: in the second of these stretches there 
is further internal homology. These duplicated stretches of the 
a "polypeptide probably fold into two a-helices which have many 
-< common features able to make contact with F, subunits. Thus 
protein b occupies a central position in the enzyme, where it 
“may be involved in proton translocation. It is possibly also 
important in biosynthetic assembly. 
The organization of the genes coding for ATP-synthase sub- 
units in the unc operon is shown in Fig. 1. The three genes for 
-Fo polypeptides a, c and b are grouped together at the promoter- 
-proximal end and are followed by the five F, genes. Gene b 
encodes a protein of molecular weight 17,212, which is not 
modified by post-translational processing’. The amino acid 
Sequence of this product (Fig. 2) falls into two distinct parts. 
~ With the exception of single threonine and cysteine residues 
and. one charged residue, Lys 23, residues 1-33 are hydro- 
“phobic. It is proposed that this section of the protein forms a 
single transmembrane a-helix (see below). Other transmem- 
brane a-helices in bacteriorhodopsin also contain buried 
__. threonine residues’. The hydroxyl group can form a hydrogen 
bond with the main-chain polypeptide backbone, as can the 
thiol of cysteine. Buried charges are also proposed in bacterio- 
- rhodopsin but in protein b the side chain of Lys 23 could be 
-near the membrane surface. In contrast, the rest of the sequence 
“of protein b is highly polar, containing 26 basic and 26 acidic 
residues; this charged section of the protein has internal repeats 
(Fig. 3). Thus, residues 52-82 are homologous with residues 
85-105 (Fig. 4). In addition, within the latter but not the former 
sequence, a shorter repeat is found, residues 85-99 being 
+ homologous to residues 100-115. It is of particular interest 
that the residues identical in the short repeat consist largely of 
ose that are not conserved (10/14) in the long repeat (see 
"hus it seems that part of the charged segment arose 
uplication of a 31-amino acid stretch which itself was 
d in an earlier event involving duplication of 15 amino 
































> . Further ater mation: about the structure of protein b can be 
obtained from the peconeaty structure predicted from the amino 
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83-86 pnts the tona E aad near resid 
weakening of a-helicity is also noted at residues 4: 
the structure of the protein breaks down into two cle: 
domains, the first of which (residues 1-20) is highly h 
and could yield an a-helix spanning the membrane on 
helix presumably makes hydrophobic interactions wit 
c, the two other constituents of Fo. It is hinged to the 
highly charged region by residues 21~28, including the 
Pro-Pro. The highly charged region appears to consis' 
least two connected a-helices, with related sequenc 
presumably presenting a-helical surfaces with many id 
features able to interact with F, subunits. A clue to the 
of the interactions between the proposed a- helical struct 
band F, comes from a study of observed helix—helix interactior 
in proteins*, which showed that Ala, Val, Leu, Ile and Pt 
constitute 50% of all residues involved: in these interaction 
and Asn, Gln, Glu, Aap, Lys and Argi a further 25%, in contras 
































































amino acids (39%), Thus, if the rules of protein-protein ad be 
tions are the same as found in proteins to date, it seems: likely 


Fig. 1 Organization of polypeptides in the ATP-synthase’¢ com- 
plex and of their corresponding genes in the unc operon; The 
enzyme (upper panel) is bound to the inner membrane of E: coli 
F, protrudes into the cytoplasm and is depicted with alternating 
a- and „B: subunits although other arrangements have been pro- 
posed’?! The hydrophobic Fo subunits, a and c, are buried- 
the membrane. It is proposed here that a and c interact with the 
hydrophobic amino-terminal region of the third Fy subunit 
The rest of b is very polar and lies outside the lipid bilayer, m 
helix—helix contacts with the 6 and £ subunits thus binding 
the membrane. All three Fy subunits are required to mi 
transmembrane proton channel (dotted line) linking the i 
brane proton potential to ATP synthesis in F,. The genes ene 
the ATP-synthase subunits are organized in the unc oper 
shown in the lower panel. The order of genes was determin 
DNA sequence analysis ® 19.20 Gene a was identified by homol 
with mitochondrial ATPase-6 genes*’, c from total amino i 
sequence”; b and 6 from their molecular weight and char; 
and N-terminal sequences’; a, y, B and e by sequence analysis 
of the E. coli proteins”? and, in the case of a and 8 also from 
highly homologous beef proteins (M. J. Runswick, V. L 
Tybulewicz and M area work). The one 





work). Parts of the sequence spent se to o genes 'a, P b, | 

a have also been sequenced independently” . Gene 1 A: 

not encode a structural protein of ATP-synthase, but ma; 
involved in regulation of assembly‘. Bad 
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Fig. 2 Amino acid sequence of subunit b, and its secondary 

-o structure, predicted from, the primary sequence using a program 
described by McLachlan”, The graphs beneath the sequence show 
srobabilities (ordinate scale) of residues forming an a-helix (@), 
-Sheet (©) or B-bend (A). Boxed sequences represent related 
uences (the long repeat); underlined segments are also related 
‘to each other (the short repeat, see Fig. 4). 
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s Thes scoring level i in n the matrix shown actin toa 
de natching: probability: of 1.2x107°, that is, in a random 
“sequence of the same composition only about one sequence in a 
~ thousand. should reach this scoring level. The span used in the 
< comparison was. 25. Each point (midpoints of the span) has a score 
less than the ‘cutting level’. The diagonal is.b aligned with itself; 
aand b correspond to the long and short. repeats, respectively 


e: trivial. 
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(de Fig. 4), and c corresponds to alignment of residues 57-61 
AA KAS A) with residues 103-107 (AQAQ Me which is prob- 
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Fig. 4 Alignment of ee sequences . in. “protein b. a: `The 

long repeats; b, the short repeats. Identities are boxed. In a, the 

14 residues conserved in b are encircled; of these o residues 
are conserved in both a and b. ngs 









(ref. 7). Smith and Sternweis showed. also hat i in “E; 
involved in attachment of F, to Fo (ref. 7). The 6 4 
particular could make helix—helix interactions with b; it h 
high a- helical content (65%) as estimated by circular dichroism 3 
spectroscopy of the PS3 protein'’. In the same study e and y 
were estimated to contain 33% and 49% a-helix respectively; 
in general agreement with a-helix contents of 83%, 31% and — 
67% for 6, € and y, respectively, derived from secondary. , 
structures predicted from the Æ. coli protein sequences (J.W. — 
and M.S., unpublished work). 

The stoichiometry of subunits in F, is 3a :38:1y:16: le” | 
with an estimated one or two copies of b per enzyme complex’’ 
Thus it remains unclear whether two or four roughly equivalent — 
a- helical segments in b are available in each Fy to bind F, also 
how many complementary a-helices would be required, in 8 
and e. a 

As it occupies a central position providing an important 
structural link between the membrane and F, it seems likely 
that b will be involved directly in proton translocation with 
some of its charged residues contributing to the process. This- 
is supported by the finding that mutants in b have drastically . 
reduced proton translocation’. The y-subunit.has also been 
proposed to participate in this process by gating the proton 
channel’*. Like protein b it appears to interact with ô and € 
although not directly with F,”’* and therefore not with b. 

Biosynthetic assembly of ATP-synthase is poorly understood. 

It is clearly desirable to assemble the enzyme in a controlled | 
manner to avoid open H* channels. Open H* channels would 
‘de-energize’ the membrane leading to breakdown of several 
essential functions driven by the membrane proton. potential”. Be 
The location of b in the enzyme complex, the in vitro assembly _ 
of F, from subunits and reassociation of F; and. Fo suggest that. 

b will be important here also. In addition, the order of genes 
in the unc operon (Fig. 1) is striking: the genes for the hydro- 
phobic components of Fy (a and c) are followed by the gene 
for protein b, and then those for F,, suggesting that insertion. 

of Fy polypeptides may occur early in assembly. This notion is 

not in accord with a study of unc mutants by Cox et al.'*, who 

proposed that a and B must bind to membranes. containing a 
and c before b can enter the lipid bilayer to complete Fo- 
(although b was not shown to be present in the cytoplasm. of 
these mutants). However, these studies did not take 4 o 
of gene 1 (Fig. 1) which may encode a pilot protein ti 
the assembly process’*. Indeed, identification of the role of 1 
gene may be the key to understanding apembiy of bacterial 
ATP-synthase. n | 3 

Recently Hoppe et al.” have reported that E. ‘coli. protei nbo 
in F,-depleted membranes is very sensitive to proteoly rtie degra- | 
dation. Also F, protects b in these membranes from proteolysis. 
Additionally a photoactive hydrophobic phospholipid deriva- 
tives reacts with Cys-21. These experiments strongly support 
the structure of b proposed above. 
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The origin of the differences in oxygen binding energy in various 
haemoglobins and myoglobins has long been debated. Perutz’ 
proposed that the haem-coordinated histidine (proximal his- 
--tidine) strains the haem iron in low affinity globins but relaxes 
it in high affinity globins. The existence of such tension in 
T-structure. deoxyhaemoglobin (deoxyHb) was recently 
confirmed by electron paramagnetic resonance (EPR)*”, reson- 

‘> ance Raman** and NMR‘ spectroscopy. Although its contribu- 
«© tion to the free energy of cooperativity is insignificant in the 
deoxy state, the tension at the haem is considered to be ~1 
¿kcal mol™ for the ligated form in which the haem iron moves 

_ into the porphyrin plane’. The remaining free energy is probably 
_. stored in other parts of the molecule. Therefore, a study of the 
_ stabilization. mechanisms of the oxygenated form became 
.. increasingly important. A hydrogen bond between the bound 
oxygen and the distal histidine has been proposed by Pauling’; 
~~ this would be expected to stabilize the oxy form of the protein 
© and could contribute to the regulation of the oxygen affinity 
‘through the oxygen dissociation rate. A series of EPR and 
functional studies on various cobalt-substituted monomeric 

_ haemoglobins and myoglobins suggested the presence of such 
hydrogen bonding’ ’ and it has recently been established in 
crystals of oxy iron myoglobin (oxyFeMb)** and in oxyhaemo- 

~ globin'*. Here we present resonance Raman spectra of the oxy 
» forms of cobalt-porphyrin-substituted myoglobin and haemo- 
lobin: (CoMb a and past recorded in buffered He and D,O 
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that the > bound oxygen in OxyCoMb dni in. both ‘oa 
oxyCoHb interacts with the adjacent exchangeable pro 
confirms the formation of a hydrogen bond between th 
oxygen and the distal histidine’. 

The IR active vibrational frequencies of the botha dio 
stretching modes in haemoglobin have been detecter 
1,100-1,160 cm™' frequency range’®. Resonance Ram: 
troscopy probes the vibrational frequencies of the por 
chromophore and electronically associated ligands. Tsuba 
Yu'* demonstrated by '°O,-'*O, isotopic substitutions, tl 
dioxygen stretching mode of the bound oxygen of oxyCo 
and oxyCoHb, located near 1,130cm™', was resona 
enhanced on excitation at 406.7 nm (ref. 15). In contrast, the 
spectra of oxyFeMb and oxyFeHb revealed no oxygen isotope- 
dependent frequencies in this region. Tsubaki and Yu"* pro- 
posed that the dioxygen stretching mode is enhanced by coup- 
ling to a charge transfer transition in the cobalt-substitute 
haem that is absent from the iron haem. The O—O stretching 
frequency should be a sensitive probe of hydrogen bonding to. 
the dioxygen molecule, therefore we investigated the frequenc 
of the O—O stretching mode of oxyCoMb and oxyCoHb on 
deuterium substitution of the exchangeable protons. <+>- 

CoMb, CoHb and iron-cobalt hybrid haemoglobins 
(a (Fe).8 (Co), and a(Co), B(Fe)2) were prepared as describe 
previously”'’ and oxygenated in 50 mM Tris-HCI buffer pH 
(or pD) 9.0, except for the pH variation studies. The Raman 
spectra were recorded using the difference spectrometer 
described previously’’, the accuracy of the detected difference 
in the frequency was ~0.2cm™' and that of the absolute : 
frequency ~ +1 cm, 

Typical H,0~-D,0 difference spectra for oxyCoHb and oxy 
CoMb in the 1,000-1,250 cm™ region are shown in Fig. la 
The spectrum of oxyCoHb i in H,O (Fig. 15) is in agreemer 
with the reported spectrum in which Raman lines near 1 
and 1,146 cm~" were found to be '°O, isotope-sensitive’’. Th 
two lines show no frequency shift between pH 5.3 and 10, 
On replacing the H,O by D,O, however, the 1,133 cm’ con 
ponent exhibits a frequency shift of 5 cm” to 1,138 cm"! (Fig. 
16). There may be a shift in the 1,146 cm™ line also (see the 
difference spectrum) but its magnitude i is obscured by the shift 
of the more intense line. In contrast to this behaviour in the 
cobalt haemoglobin, no frequency differences were detected 
on deuteration of tron haemoglobin. This was expected as the 
only Raman-active modes in the 1,050-1,150 cm™ region of 
oxyFeHb, are porphyrin modes. Thus, the hydrogen bonding 
is probably present in the iron haems also but it is not spectros- 
copically detectable in our conditions. Figure 1a shows th 
spectra of oxyCoMb in which the H.O-D,O shift is from 1, 134 
to 1,136 cm™’. In oxyCoMb the higher frequency component 
(~1,146cm™') has been shown to be weaker than ino: 
CoHb’*, thus obscuring any possible shift in Requency in 
line. l 

The iron-cobalt hybrid haemoglobins were also exami 
The absence of any H,O-D.O dependence in oxyFeHb. 
determination of the relative contributions from the indi 
subunits in the hybrids as any shift must result from the cc 
subunit. The size of the shift and shape of the line on deute 
in the œ- and B-subunits are depicted in Fig. Ic, d. The. 
subunit gave a smaller shift (2cm™') than the g- -subur 
(4cm~*). The magnitude of shift for each subunit was less 
that of fully cobalt-substituted oxyHb. This is expected a: 
presence of Raman modes from the iron subunits of the 
that do not shift in this frequency region should dilute | 
contribution from the cobalt subunits. The frequency diffe 
between the a(Fe),8(Co)2 and a(Co),8 (Fe), oxyHbs, b 
H:O, is small. Therefore the frequency difference that w 
observe between the a- and 8-subunits occurs in the deutera! 
form. A shape difference in this mode between the subunits i 
also noted in the deuterated form; the 1,136 cm™ line of. the 
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(Co).B (Fe). oxygenated hybrid is narrower than that of the 
complementary hybrid. 

Bs Figure 2 shows the H,O-D,0O difference spectrum of oxy- 
_CoMb in the Co—O, stretching region. The Raman line of 
oxyCoMb at 538 cm ' was assigned previously to the Co—O, 
stretching mode’ . Unexpectedly, this line did not show any 
quency difference (<2 .cm™') in the HO and D,O solutions 
e m clear shift of the O—O stret iimg mode. 


ji 1 the päis of a lorek zero point energy. Therefore, 
ge í of tertiary structure due to the deuterium 


ygen. This seems unlikely: however because the 
stretching mode of deoxyFeHb is not shifted by more 
: ton deuterium substitution; nor is any frequency 
tected on deuteration for any of the porphyrin skeletal 


tion In addition, Phillips and Shoenborn, using neutron 
7 a”, observed no Pine arias difference between the 


3 Tenes we have detected in the O—O stretching 
nike in De must result from a Po interaction 

















itly, Phillips and Schoenborn’* made a direct observa- 

of 1 hydrogen bond in crystals of oxyFeMb and reported 
je N,—-O* distance is 2.97 A. According to a recent X-ra 

of cr jstalline oxyFeHb, the N,—O* distance is 2.7 


$ distancë i in “crystals of oxyCoMb. has ako Been 
Ae with Eaa aeaa The data 
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plotted at the top with 
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spectra. Excitation — 
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possible, however, that a change in position of the distal nis- i 
tidine due to tertiary structural changes in the protein con- 
tributes to our observed frequency differences: The hydrogen 
bond to the distal histidine is (approximately) perpendicular to 
the O—O bond axis’’, therefore it seems reasonable that the 
Co—O, stretching frequency is less sensitive to the changes 
caused by deuteration than the O—-O stretching frequency. 
More information is required to correlate the size and direction | 





500 550 = 

Frequency (crn) 

Fig. 2 Resonance Raman spectra of oxyCoMb i in the region of 

the Co—O), stretching frequency (538 cm™*)}. The absence of a 

significant shift on deuteration in this mode may be seen by _ 

examination of the difference spectrum plotted at the top. Excita 

tion frequency 441.6 nm, laser power ~ 20 mW, pears slit width 
~4 em 
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penn phosphorylation plays an important part in excitation- 
» contraction coupling in smooth muscle. Phosphorylation by a 
me a? , calmodulin-dependent kinase stimulates the actin-acti- 
ON ted Mg’*-ATPase activity of smooth muscle myosin”, sug- 
-gesting that myosin phosphorylation regulates smooth muscle 
contraction (see refs 5, 6 for discussions of alternative 
_ohy heses). This hypothesis is supported by evidence that 
sin is phosphorylated during contraction and dephosphory- 
na lated during relaxation of intact smooth muscles stimulated 
with a single agonist concentration’”. However, there is little 
information regarding the response to stimulation with various 
i y gonist concentrations. As the dose-response relationships for 
- : enone and tension should be similar if myosin phos- 
: phorylation does, in fact, regulate smooth muscle contraction, 
; idied myosin phosphorylation in tracheal smooth muscle 
_ stimulated with a broad range of concentrations of the choliner- 
` gic agonist, methacholine. The results of these experiments are 
consistent with the hypothesis that myosin phosphorylation 
egulates smooth muscle contraction but they indicate a rela- 
tivel complex relationship between myosin phosphorylation 
and the generation of isometric tension. 
Canine tracheal smooth muscles were obtained and treated 
as. previously described? except that: (1) muscles were main- 
ined-in the muscle baths as flat sheets in order to minimize 
form rates of agonist diffusion to receptor sites: (2) 
] smooth muscle strips were maintained at a length of 
defined by their in vivo length, from the time they 
e removed from the cartilaginous rings of the trachea until 
he end of the experiment; (3) muscle strips were kept in the 
muscle. baths for 45 min before initiating contractile responses. 
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Fig. 1 Myosin phosphorylation and tension generated by tracheal oath 
muscle contracted with 104M (a) or 2x107 M (6) methacholine 
Tracheal muscle from six consecutive tracheal rings was isolated and moun 
ted in six myobaths. The data at 15 min in a were obtained from: separat 
experiments. The solid lines represent tension generated by representative © 
muscles contracted for 15 min; broken lines represent the phosphate conte 
of muscles frozen at the times indicated. Error bars indicate. the s.e.m. for 
phosphate determinations on at least five different pieces of tissue, Experi 
ments On smooth muscles have demonstrated that a specific. subunit o 
myosin molecule, with a molecular weight of 20,000 (LC,,), is phosph 
lated. A maximum of 1 mol PO, can be incorporated per mot LC 

there are 2 mol LC,, per mol myosin, the maximal level of myos 
phorylation is 2 mol PO, per mol myosin. We have chosen. to prese 
data as mol PO, per mol LC,, because this was the experimentally 

mined value. 


The myosin phosphate content was quantitated using a 
immunoprecipitation-isoelectric focusing method as de crit 
previously". $ 

Phosphate analyses on resting (unstimulated) tracheal 1 
demonstrated 0.29 mol of phosphate incorporated pe! 
LC (LC is a subunit of myosin—see Fig. 1 legen 
stimulation with 10°*M methacholine (Fig. 1a), the | 
phosphate content rose rapidly, reaching a peak of 0.6 
PO, per mol LC, before the muscle generated m 
tension. The myosin phosphate content then decreased 
while the muscle was still contracting, to a stable 
0.49 mol PO, per mol LC.». Stimulation of trachea 
with 2x 10°’ M methacholine (Fig. 15), a concentration 
viously determined to produce half-maximal tension; cor 
ted muscles more slowly than stimulation with 
methacholine (maximal rates of contraction were F 
129 g min™', respectively). Myosin was phosphorylated 
much slower rate, and the maximal and steady-state 
phosphorylation were lower for muscles stimulated’ wit! 
2x10°'M methacholine (Fig. 14) than for those stimulat 
with 1074 M methacholine (Fig. 1a). 

We have also determined the relationship between 
steady- state level of myosin phosphorylation, tension ai 
ist concentration (Fig. 2). Muscles were stimulated with v 
concentrations of methacholine, then frozen 15 min afte adc 
tion of the agonist and assayed to determine the myosin 
phate content. (Muscles were frozen at 15 min becau 
experiments in Fig. 1 indicated that tension and phosphoryl 
tion had reached a plateau by 10 min.) Myosin phosphoryl 
and active tension were expressed as a percentage 
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Fig: 2 The dose-response relationship for myosin phosphorylation and 
isometric tension in tracheal smooth muscle stimulated with methacholine. 
Myosin phosphorylation was determined on tracheal smooth muscle con- 
“tracted for 15 min using the agonist concentration shown. The phosphoryla- 
“tion and tension data were expressed as per cent maximal increase using the 
“equation X -R/M ~R where X = myosin phosphate content or tension at 
48 min of muscles stimulated with various methacholine concentrations, 
R= the resting phosphate content (29%) or resting tension; and M = the 
myosin phosphate content (49% ) or tension at 15 min of muscles stimulated 
_ with 10°* M methacholine. The solid line represents the rise in tension after 
stimulation at each agonist concentration; the broken line represents the 
increase in myosin phosphorylation at each agonist concentration. Each 
point represents the mean from phosphate assays on at least five different 
ee pieces of tissue. 
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maximum (see Fig. 2 legend). These data, plotted as a function 
of log agonist concentration (Fig. 2), demonstrated similar 
agonist concentration-response relationships for both phos- 
phorylation and tension. Analysis of variance indicated statisti- 
ly significant differences (P<0.001) between successive 
pints on each dose-response curve. However, there were no 
statistically significant differences between the two curves at 
1y given agonist concentration, indicating that the phosphory- 
on and tension data define superposable curves. 
ie data on myosin phosphorylation presented here argue 
gainst a simple relationship between the processes of myosin 
osphorylation and tension generation by tracheal smooth 
scle. Three major aspects of the phosphorylation data 
ire comment—the resting myosin phosphate content, the 
shoot in myosin phosphorylation and the steady-state level 
myosin phosphorylation. Each of these may have a bearing 
the manner in which tracheal muscle generates tension and 
be discussed separately. 
rst, it should be noted that a substantial fraction of the 
n (29%) is phosphorylated in unstimulated tracheal 
th muscle. There is a low level of tension (2~5 g) in these 
es but this resting tension seems to be generated by passive 
tic elements as a reduction in the myosin phosphate content 
s not decrease the resting tension’. It is possible that a high 
| of myosin phosphorylation is unique to tracheal smooth 
iscle because lower levels of myosin phosphorylation have 
en reported in resting'”'’ and pharmacologically relaxed’? 
‘smooth muscles. Nevertheless, one explanation for this observa- 
tion is that these represent monophosphorylated myosin 
_ molecules. Recent experiments’ on the relationship between 
- smooth muscle myosin phosphorylation and acto-myosin 
© ATPase activity indicate the apparent requirement that both 
» myosin heads be phosphorylated in order for the myosin to be 
activated by actin. Thus, it is possible that myosin molecules 
involved in generating tension in tracheal smooth muscle are 
menophosphorylated in resting conditions and do not begin to 


rolyse ATP and generate tension until the second head is 


osphorylated. 
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lation of non-muscle cells™® have demonstrated that intracellular — 
calcium levels rise sharply, peak and then decay after stimula- | 
s of intracellular ~ 


tion of these cells. Furthermore, peak 1 
calcium are reached before the smoot: 
maximal tension. As myosin kinase req calmodulin 
for activity’, the activation of this enzym 








e cells generate 
raga | 





calcium transient. In fact, the overshoot in myosin phosphoryla- 
tion may be a reflection of the redistribution of the intracellular 
calcium levels in response to stimulation of muscarinic 
receptors’ ’. a 


a 


Finally, the most direct relationship between myosin phos- - 
phorylation and tension appears to be between the steady-state — 





level of myosin phosphorylation and maximal isometric tension 
generated at a given agonist concentration. The data in Fig. 2- 


support this hypothesis as they demonstrate that both myosin 


phosphorylation and isometric tension are coupled to stimula- 


tion of muscarinic receptors. Uncoupling of either process, or » 


a shift in the phosphorylation curve in relation to the tension 
curve, would have indicated a complex relationship between 
tension and steady-state myosin phosphorylation. The gener- 
ation of superposable dose-response curves for phosphoryla- 
tion and tension suggests that the active isometric tension 
maintained by tracheal smooth muscle is directly related to the 
steady-state level of myosin phosphorylation. The data also 


suggest that the myosin phosphorylation—-dephosphorylation: 


reaction can be regulated in tracheal smooth muscle. so as. to- 


maintain defined levels of phosphorylation which, in turn, seem 
to determine the tension generated by the muscle. 
In contrast to the data presented above, myosin phosphoryla- 


tion does not remain elevated in hog carotid artery smooth 


muscle contracted with KC1"*. In this case the myosin phosphate - 


content decreased to a level slightly above the resting level 
after the carotid artery muscle had generated maximal tension, 
which suggested that smooth muscles can maintain tension 
through the formation of a special, non-cycling acto-myosin 
cross-bridge, termed a ‘latch’ bridge’®. It is possible that latch 
bridges are formed only when carotid artery smooth muscles 
are stimulated by KCI, as the myosin phosphate content remains 
elevated in the same muscles contracted with histamine’. 


“iais 


Although the presence of latch bridges in smooth muscles - 
contracted with pharmacological agents cannot be discounted, 
the demonstration that the rise in both tension and. myosin 


phosphorylation is related to the level of agonist stimulation 


(Fig. 2), and the observation that myosin phosphorylation 
remains elevated when smooth muscles are stimulated with 


pharmacological agonists (Fig. 1; and ref. 11), suggest that the 
steady-state level of myosin phosphorylation may be the major 
determinant of the tension maintained by a smooth muscle. 


Thus, the data presented here support, but do not prove, the 


hypothesis that myosin phosphorylation regulates muscle con- 
traction, and also demonstrate a relatively complex rela 





generation by tracheal smooth muscle. sete 
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; most difficult thing in writing a book 
jut evolution is to know what to leave 


out. Almost any biological observation can 


be discussed in Darwinian terms: indeed, 





the very universality of the theory of 


evolution is the main philosophical 
obstacle to subjecting it to scientific test. In 


the past few years we have had books 


dealing with, for example, evolutionary 


« biochemistry, the evolution of animal 


= behaviour and the mathematics of the 
_ evolutionary process, together with a mass 


< of popular (or at least unscientific) works 


+ which purport to explain human 


Hag 


< Itis therefore surprising how 


and plants plays in most of these 


w apply such patterns to the 


- vand the course of human history. 
“Such attempts — and there are 


< interested Darwin was, of course, 


evolutionary change in a range of 


behaviour and social organi- 
zation in terms of evolutionary 
theory. In the rush to explain 
such complex matters in simple 
terms there has often been a 
danger of losing sight of the 
biological wood through the 
evolutionary trees. What 


the diversity of living organisms. 
small a part the variety of animals 


volumes. 

Here we have a book, aimed 
both at undergraduates and at a 
general audience, which sets out 
not only to describe the 
mechanisms and results of 


species from cycads to 
cephalopods but attempts also to 


evolution of human behaviour 


many of them — imply that man 
is indeed little more than a 


remarkably well-developed worm; the 


‘same rules which govern the evolution of 
` amphibia from fish or of Homo sapiens 
-from Ramapithecus have been responsible 


for the change from tribe to nation state or 


from feudalism to capitalism. How well 


does G. Ledyard Stebbins, an eminent 


` plant evolutionist, succeed in establishing a 







seamless transition from the primordial 
slime to the Reagan administration? 

It is immediately obvious that Stebbins is 
far better qualified to attempt this task 


ų than are most of his recent predecessors. 


y tead of the usual facile discussions of 
an society in terms of carefully selected 
anecdotes of animal behaviour, we have in 
the first two-thirds of the book a greatly 
compressed but remarkably complete 
account of modern evolutionary biology. 








But is man a worm?” 


J. S. Jones 





Darwin to DNA, Molecules to Humanity. 
By G. Ledyard Stebbins. Pp.491. Hbk 
ISBN 0-7167-1331-4; pbk ISBN 
0-7167-1332-2. (W. H. Freeman: 1982.) 
Hbk $25, £21.80; pbk $12, £10.50. 


The results of this compression are 
sometimes alarming; for example, Chapter 
9 takes us ‘‘From Worms to Primates” in 
31 pages of text. There is nevertheless much 
more insight into the process of evolution 
here than in many books claiming a far 
higher level of technical sophistication. 
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Many of these insights are attractively 
phrased: thus Stebbins illustrates the 
inevitable incompleteness of the fossil 
record by pointing out that no one has seen 
the fossilized remnants of a passenger 
pigeon, although these birds flourished in 
millions in North America only a hundred 
years ago. There is even room for a few 
poetic touches, as when he talks of the 
oppressive silence of the Carboniferous 
forests before the evolution of animals 
capable of making sounds. 

Stebbins illustrates the changes in the 
fortunes of Darwinism over the past 
century by recalling disparagingly that in 
his Harvard days in 1926 the theory 
outlined in the Origin of Species was 
described as having been long ago 
abandoned. The recent resurgence of anti- 
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Darwinian models of speci 
“punctuated equilibrium” from the 
institution shows how rapidly the 
dulum of evolutionary fashion can swing 
Stebbins himself considers that the pattern 
of change of animals and of societies does” 
indeed show stability followed by relatively 
rapid change, although he is careful 
point out that the enormous time scale of 
evolution in comparison to the brief 
generation interval of living organis 
means that this can easily | 
accommodated in the Darwinian model 














































- publication of the Origin, Ma K 
wrote to Engels: 


It is remarkable how Darwi 
recognizes among beasts and plants. 
his English society with its division of 
labour, competition, opening up of 
new markets, inventions, and the 
Malthusian “struggle for existence”’ 


theory to human history bu 
steadfastly refused to be dra 
into discussion on the subject 
Such restraint has scarcely been 
characteristic of his successors 
Indeed it is now almost 
occupational hazard for elde 
and distinguished biologists to 
produce biological overviews © 
human society. Stebbins 1s no 
exception, and it is in the k 
third of his book — “Human 
Evolution: Biological and. 
Cultural’ — that the clarity of 
his arguments begins-to falter, 

Although Stebbins criticizes: 
some of the particularly inan 
Statements of geneticists abou 
history (such as Darlington’s equation. 
the success of the Normans with 
acquisition of genes both for hor 
and for seamanship) he is not inh 
from discussing patterns of hist 
change — including such unjus 
neglected episodes as the Revolt of the R 
Eyebrows in first-century China — i 
genetic terms. This does provide occasiona 
brilliant insights into human history. For 
example, the lack of speciation in. t 
hominid line compared to that in oth 
primates is ascribed to the development 
tools, which themselves underwé 
adaptive radiation. However, for muci 
the time he is drawn onto the wilder shores. 
of speculation as, for instance, whenehe 
discusses the presumed coincidence of m 
eating with the beginnings of intelligenc 
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jas F lacking i in content: 


generalization is that genetic templates 
otentialities and capacities rather 
behavioural traits... . In humans, 
tural fitness, based to a large extent on a 
re for approval by society, has both a genetic 
. cultural basis. Is Homo sapiens just 
“species of animal that has evolved in the 
‘as have the various species of monkeys 
and apes? The answer to this question is a 








Michael Carlile 


Cell Biology of Physarum and Didymium. 
Vol. 1, Organisms, Nucleus and Cell Cycle. 
dited by Henry C. Aldrich and John W. 
Daniel. Pp.444. ISBN 0-12-049601-1. 
Academic: 1982.) $55, £36.40. 





THE myxomycete plasmodium is a 
- remarkable object. A mass of protoplasm 
_ not subdivided into cells it can, in the most 
< intensively studied species Physarum 
_ polycephalum, attain the size of a dinner 
_ plate and contain hundreds of millions of 
iiw which divide syacaronnusiy, at least 


































a : for over a century and since 
61, when workers at the McArdle 
aboratory for Cancer Research at 
adison grew plasmodia of P. poly- 
halum in pure culture on soluble media, 
any molecular, developmental and cell 
logists have carried out work on this 
nism. A second species, Didymium 
is, has also been the subject of 
‘ructural and genetical studies, but 
ochemical investigation has been 
d through failure to grow plasmodia 
culture. 

pite of the wide interest in Physarum 
modia, however, reviewing activity has 
n limited. Two recent works are now 
1edying this deficiency. In 1980 Growth 
nd Differentiation in Physarum 
_ polycephalum, edited by W. F. Dove and 
H, P. Rusch, was published by Princeton 
s University Press. (for review see Nature 
288, 307; 1980). Now a different group of 
authors have contributed to the first of two 
olumes edited by Henry Aldrich, a leading 
dent of myxomycete ultrastructure, and 
1 Daniel, who with Howard Rusch was 
r esponsible for the crucial 1961 paper on 
pure culture. 

: -The introductory section of the first 


aenn 











the questi oughot | 
evolution of man and society be ce lained | 




























in terms of the evolutionary rules affecting 
lower organisms? — is a similarly re- 
sounding ‘“‘perhaps’’. The book therefore 
ends in a curiously flatfooted way: ‘‘Is the 
evolutionist better equipped than anyone 
else to recommend what is best for human 
society? Perhaps not’’. This conclusion is 
an honest one, but betrays the excellence of 


‘Stebbins’s treatment of the evolutionary 


process. Darwin to DNA is fine; Molecules 
to Humanity could be considerably edited 
with little loss. E 





J.S. Jones is in the Department of Genetics and 
Biometry at University College London. 


Naked protoplasm and synchronous nuclei 


volume consists of a chapter on the 
morphology and taxonomy of 
myxomycetes by Alexopoulos and one on 
D. iridis by Collins and Betterley, leading 
authorities on this organism. Subsequent 
pages are effectively confined to P. 
polycephalum. Tyson deals with periodic 
phenomena — not only synchronous 
nuclear division and other periodic events 
of the nuclear cycle, but also the control of 
the protoplasmic streaming that occurs in 
well-defined channels in the plasmodium at 
rates of up to a millimetre a second with 
reversals in the direction of flow taking 
place at approximately one minute 
intervals. The plasmodium is capable of 
rapid migration and among the sensory 
systems guiding migration is chemotaxis, 
which is being intensively studied in Japan 
and is reviewed here by Ueda and 
Kobatake. Protoplasmic streaming and its 
control is further considered by Kessler, 

The difficult subject of Physarum 
genetics is dealt with ably by Jennifer Dee, 
the founder of the subject. Two chapters 
by Mohberg and Babcock then clarify in a 
succinct way the confusing topics of ploidy 
and of the genealogy of the strains of P. 
polycephalum in current use. The final 
four chapters of the first volume deal with 
nuclear organization (Lafontaine and 
Cadrin), chromosomal organization 
(Matthews and Bradbury), DNA (Evans) 
and RNA (Braun and Seebeck), the 
important topics of differentiation, 
metabolism and methodology being 
deferred to Vol. 2. 

This first volume is lucidly written and 
admirably illustrated. I suspect — and 
hope — that the two-volume work will do 
much to promote work on myxomycetes 
and publicize the results among other 
biologists. a 





Michael Carlile is Senior Lecturer in the 
Department of Pure and Applied Biology, 
Imperial College, University of London. 
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Foraminifera. 
Pp.433. ISBN. 0-333-28681-2. (Macmillan 
Press/Halsted: 1982. ) £50, $79. 95, 











FORAMINIFERA are tiny animal t 
themselves a test or shell 
remains occur in astronor 
from the Cambrian to the p 





ir fossil 
numbers 


hat build 





t dayin — 


sediments accumulating in estuaries, seas 
and oceans. These attributes, together: with 


their great diversity, have made them of use © 


to geologists both for correlating rocks of- | 


similar age (biostratigraphy) and for. 


determining the environments of 


deposition of their enclosing sediment ~ 


(palaeoecology). In addition, as foramini- 
feral tests survive the process of drilling 
boreholes, they are especially useful in the 
exploration for petroleum. 

A sound taxonomic basis is an essential 
prerequisite for all such studies and Dr 


Haynes has taken this as the main theme of - 
In particular, his thorough 
account of how to write the description of a 


his book. 


species and the compilation of a synonymy 
will prove invaluable to postgraduate 
students and researchers. 

The main thrust of the volume is the 
introduction of a revised suprageneric 
classification. As the study of 
Foraminifera has progressed over the past 
200 years, the importance of certain 
morphological features as criteria for 
grouping or dividing the species into 
genera, 
varied. The revised classification follows 
previous ones in using the wall structure of 


the test as the primary means of grouping | 


and subdivision but it takes into account 
the new information amassed from 
electron microscopy. Greater importance 


superfamilies and so on have. 


is attached to details of the aperture thanis _ 


customarily the case. 
Nine orders and thirty-two superfamilies 
are described. For each order there is 


discussion of the range of morphology — 


observed, possible 
relationships, an appraisal of tk 
stratigraphic value, comments. on 
ecology and palacoecology, ani 
summary of the classification. The latter 
includes diagnoses of the superfamilies and 
of the important genera. — 





The book is described in the gretai easa 


general text which lays stress on the strati- 
graphical application of Foraminifera. 
This aim it achieves admirably with a 
synthesis of knowledge from more than 
1,000 publications, but, in addition, it 
contains much original work. AH those 
involved in the study of Foraminifera will 
find it both instructive and stimulating 
reading. g 





J. W. Murray is Profess or of Geology and Head 


of the Geology Department at the Cavey af : 


Exeter. 
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| mot aotea MTX) cell fae. 
e selected MAT are resistant to very 





enzyme, aed ta reductase 


© JFR). Ina significant number of lines, 


“ however, resistance is due to compensatory 


» production of the enzyme, which itself is 


related to increased synthesis of the mRNA 
and ultimately to differential replication or 
amplification of the gene coding for 
DHER. 

These surprising facts were first reported 
four years ago in elegant experiments by 


<- Robert Schimke and his colleagues at 


hy 


eee 





Stanford University. Progress in the field 
has-been rapid since then, and late last year 
Schimke organized a small symposium at 
Cold Spring Harbor to summarize that 
progress. This volume, Gene Ampli- 
fication, contains 42 short papers based on 


" presentations at the symposium. 


P 


‘Many of the papers are concerned with 
the chromosomal and molecular state of 
the amplified genes. It became evident 
early on that two unusual cytological 
phenomena. could be associated with 
amplified cell lines: first, the presence of 
small acentric chromosomes, which, 
because they often occur in pairs, are called 
double minutes; and second the appear- 
ance of long chromosome segments with 
little evidence of G-banding, referred to as 
homogeneously staining regions. Ampli- 
fied. genes have now been demonstrated in 


‘both regions by in situ nucleic acid 
‘hybridization. There is a good but not 
“perfect correlation between stability of the 
‘amplified condition (when MTX is 
‘removed) and the physical location of the 


amplified genes — homogeneously 
staining regions being characteristic of 


stable lines, double minutes of unstable 


t is possible, therefore, that ampli- 
gene copies appear first as small extra- 
romosomal elements that later become 
stably i ntegrated i into one or more chromo- 
somes. The size of the amplified region has 
been measured by hybridizing DNA from 
amplified lines with genomic sequences 
that flank the DHFR gene. The amplified 
segment may be up to 100 kb in length, con- 
siderably longer than the coding region 
itsel F(3)-kb counting its five introns). 

ost nothing is known about the 
1olecular events of amplification i in 
ultures. A model discussed in the 
y Botchan and by Spradling 
es multi le rounds of replication ata 



























“onion-skin” configuration. An attractive 
feature of this model is the ease with which 
it can be applied to the chorion genes of 

Drosophila, whose amplification in the 
follicle cells of the oocyte has been analysed 
in detail by Spradling. In this case the 
chorion genes are more highly amplified 
than surrounding sequences, the level of 
amplification falling off progressively on 
both sides of the genes. This is just what 
one would expect if multiple replication 
forks move away from an origin of repli- 
cation in or near the genes. 

Several other specific amplifications 
have been induced in tissue cultures, of 
which the best characterized involve 
resistance to N-(phosphonacetyl)-L- 
aspartate or to the cadmium ion. These 
cases involve overproduction of the multi- 
functional protein ‘‘CAD’’ and of 
metallothionein-| respectively. Several 
other likely cases are discussed in the book, 
and it seems probable that many genes can 
be amplified if a suitable inhibitor of 
enzyme activity is available. An interesting 
possibility is that random genomic 
fragments regularly detach from chromo- 
somes and require only a selective force to 
undergo differential replication. 

All 42 articles in the volume are short; 
indeed some are little more than expanded 
abstracts. The quality is variable, and since 
many are rather specialized the general 
reader will have to pick and choose to avoid 
getting bogged down in cytological and 
molecular detail. In addition, the title Gene 
Amplification is somewhat misleading. 
Schimke’s major interest is drug-induced 
gene amplification in cultured cells, and 
that is what the book really covers. Gene 
amplification as a general biological 
phenomenon is touched upon, but readers 
unfamiliar with the field would not guess 
that naturally occurring gene amplifi- 
cation, particularly of rDNA, has been 
investigated extensively during the past 15 
years in a variety of vertebrates, insects and 
protozoa. For a broader introduction to 
the topic one should begin with Adrian 
Bird’s review article, ‘‘Gene reiteration 
and gene amplification’’, published in 
VoLUI of Prescott and Goldstein’s Cell 
Biology (Academic, 1980). 

Nevertheless this volume summarizes a 
large amount of work on an important 
topic. Like the much larger 1980 Cold 
Spring Harbor Symposium on movable 
genetic elements, it emphasizes the plas- 
ticity of the eukaryotic genome, a subject 
of great current interest. Because the book 
was published just six months after the 
meeting itself, the articles are timely and 
will prove useful to a wide audience. g 








Joseph G. Gali is Professor of Biology, Mole- 


cular Biophysics and Biochemistry at Yale 


University. 


single origin of oplication giving rise to an | 
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eteorites: 
nthesis. By Robert T. Dodd. Pp.432. 
BN 0-521-22570-1. (Cambridge 
niversity Press: 1982.) £35, $69.50. 








‘METEORITES are complex, ancient, 
enigmatic rock fragments from somewhere 
eyond Mars, They were formed at the 
ame time as the Solar System, and they 
tain a cryptic record of the events.of that 
In the 30 years since Harold Urey and 
son Brown unleashed the techniques 
cepts of post-War geochemistry on 
cts, meteoritics has burgeoned 
important scientific subdiscipline. 
f studies have been carried out and as 
iy papers published; a number of 
mportant insights have been gained; and 
veral riddles are still with us, more prickly 
and intractable than ever. 
The field has always needed a good 
-eference book, the more so as its literature 
has expanded to a scale greater than any 
one person can assimilate. Several books 
about meteorites have been written at a 
srofessional level in the past decade, but 
one can be said to fill the need. Robert 
Dodd’s Meteorites: A Petrologic— 
Chemical Synthesis is the latest candidate. 
It is important to include the subtitle, 
because the emphasis of the book is very 
oe strongly on the petrology (or, to be more 
precise, the petrography) and chemistry of 
meteorites, Dodd’s own speciality. 
(Petrography is the descriptive study 
the microstructures and component 
ralogies of rocks.) 
Aany good things can be said about the 
Dodd writes in a readable, straight- 
: le style. His coverage of petrography 
d chemistry i is comprehensive, scholarly 
i exhaustively referenced. Material is 
onally organized, most of the chapters 
g with discrete subclasses of 
teorites. (Two exceptions are a chapter 
on radiometric studies of meteorites, and 
ne on the asteroid-sized parent bodies that 
vey once resided in.) He strikes an 
ppropriate balance between descriptions 
iterpretive discussions. In the latter, 
as objective as can reasonably be 
ed of a mortal in this contentious 
ach chapter is preceded by a précis 
aps out for the reader the ground to 
covered. There is an excellent index, and 
ié illustrations are more than adequate in 
umber and quality. 
“However, I fault the book for presenting 
-A narrow view of meteoritics, that is, 
one largely limited to petrographic and 
~. geochemical studies. Perhaps it is 
unreasonable to expect Dodd, or anyone, 
to cover the whole marvellously diverse 
ield of meteoritics as comprehensively as 
he author has treated meteoritic 
etrography and chemistry. The book 
-would be twice as long and would cost 
-` Dodd far more than twice the labour, since 














A Petrologic-Chemical 


hev sani have to vente beyond his field 


of experience. 

But the book as it stands dutona 
presents the study of meteorites as an end in 
itself rather than as a means to a greater 
end: an understanding of the origin of the 
Solar System. The stage on which this 
drama occurred was the solar nebula, a 
giant accretion disk of gas and dust where 
the properties of the meteorites and, 
ultimately, the planets, were established. 
Dodd cannot avoid making repeated 
references to the nebula, the context in 
which everything happened; but he 
eschews any systematic discussion of 
astrophysical models of the nebula because 
they are ‘‘varied and changeable”? 
Lacking such a framework, he cannot put 
the properties of meteorites to work in 
clarifying our view of the nebula. 


eich which gives us a ee view A 
of pre-Solar System events, are touched on | 
only momentarily, and then not by the ^ 
name “FUN”. It is regrettable that the 
non-petrographic aspects of meteorites are | 
given such short shrift: the most inspiring 
aspects of meteoritics are the grand vista it 
examines, and the close collaboration of 
researchers from many diverse disciplines | 
in attacking the problem. Meteorites: A — 
Petrologic-Chemical Synthesis exposes — 
only a near-sighted and parochial view of | 
the goals of this field. It is, however, a 
useful and excellent reference work within 
the unfortunately restrictive boundaries it 
has erected. n 





John A. Wood is an Associate Director of the 
Harvard~Smithsonian Center for Astrophysics, 
Cambridge, Massachusetts. 


Welcome to theoretical particle physics 


P.V. Landshoff 


Gauge Theories in Particle Physics: A 
Practical Introduction. By lan J.R, 
Aitchison and Anthony J.G. Hey. Pp.341. 
Pbk ISBN 0-85274-534-6. (Adam Hilger/ 
Heyden: 1982.) £14.50, $36. 








THERE are still very few books on the topics 
that now excite the interest of particle 
theorists —- the electroweak theory that 
brings together electromagnetism and the 
weak nuclear interaction, and quantum 
chromodynamics, the candidate theory of 
the strong nuclear interaction. So this 
book, which sets out to be a compact intro- 
duction to these subjects, will be warmly 
welcomed, especially for the attention it 
gives to the distinctive properties of the 
gauge symmetry underlying the new 
theories. 

Quantum electrodynamics is the proto- 
type gauge theory and is described by 
Aitchison and Hey as ‘“‘the best theory we 
have”. Its best test is the magnetic moment 
of the electron, whose calculated and 
measured values agree to within one part in 
10°. Electrodynamics is a gauge theory 
because its physical predictions are 
invariant under certain transformations of 
the electromagnetic potentials. Only this 
gauge invariance makes it possible to 
remove unphysical infinities from the 
quantized version of the theory (renormal- 
ization). 

Quantum electrodynamics is based on 
Maxwell’s equations, the first description 
of the electric and the magnetic force in the 
same set of equations. A century later, 
Glashow, Salam and Weinberg enlarged 
the theory so as to incorporate the weak 
interaction (responsible, for example, for 
neutron #-decay). Their unified electro- 
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weak gauge theory is steadily accumulating 
an impressive list of successes. 

Another gauge theory, chromo- 
dynamics, seems to give a good description , 
of the nuclear force. Attempts to unify this 
with the electroweak theory have led to the 
prediction that protons are unstable, with a 
lifetime of about 10?! years. Four 
candidate proton-decay events have 
recently been observed, but the data are not : 
yet a sufficient test. 

Quantum electrodynamics itself is far 
from easy, but the electroweak theory and 
chromodynamics are less accessible to 
most physicists because the groups of 
gauge transformations are not Abeliar. 
(which implies that the underlying gauge 
transformations do not necessarily 
commute with each other). This book sets 
out to make the theories as simple as 
possible. Everything is here, from the 
elements of relativistic quantum mechanics 
to a mention of proton decay in grand: 
unified models, with renormalization and. 
even a brief discussion of the quark-parton 
model on the way. 

Inevitably in a short book. of wide scope. 
nothing is treated very fully. In places 
plausibility arguments replace proper de 
rivations. But experimentalists especially 
will find it helpful in providing an under- 
standing of the essential ideas behind whai 
the theorists are talking about, while neo- 
phyte theorists will find it a valuable intro- 
duction to the more advanced texts. The 


second half of the book will be the mosi 
useful, for the painless insight that it ave 


pie ects 


into non-Abelian physics. 
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